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A growing body of clinical and experimental evidence indicates that female sex hormones, particularly
estrogen, have significant effects on normal airway function as well as on respiratory disorders, such as
asthma. These effects are very complex and are exerted at several levels, directly on airway reactivity or
indirectly through regulation of the immune and inflammatory responses in the lung. They can have
relevant clinical implications not only according to the phases of the reproductive life in women, but also
in relation to the therapeutical administration of estrogen, as in the case of menopausal hormone
therapy. Clinical evidence suggests that administration of estrogen to menopausal women is associated
with increased rates of newly diagnosed asthma. Conversely, functional studies show that estrogen can
improve objective indexes of respiratory functionality.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Asthma is a major health problem which involves approximately
300 million people worldwide [1]. It has been estimated that only
in the United States over 24 million people [2] suffer from asthma. It
has became clear that asthma is a chronic disease of the airways
characterized by intermittent airflow obstruction in response to
specific and/or non-specific stimuli that leads to bronchial
obstruction of largely variable gravity and to several respiratory
symptoms: chest tightness, wheezing, dyspnea, cough. Extensive
research in the field has revealed that asthma is characterized not
only by an exaggerated airway narrowing as a consequence of an
excessive contractile response of the airway smooth muscle (ASM),
called airway hyperresponsiveness (AHR), but also by many other
changes in the airways [3] which concur to generate the clinical
picture: a) structural changes (remodeling) [4]: increased ASM mass
- due to cell hyperplasia and hypertrophy [5], basement membrane
thickening [6], mucus gland hyperplasia [3], epithelial mucous
hyperplasia [7]; b) functional changes: AHR, impaired relaxation of
the airway, increased mucus production, bronchial edema; c) in-
flammatory changes: infiltration of the airway by several different
inflammatory types of activated inflammatory cells including
monocytes, neutrophils, eosinophils, mast cells and lymphocytes
[8,9] which, in turn, produce — together with ASM cells — a large
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array of molecules involved in the regulation of multiple inflam-
matory and immune responses. Interleukins 18, - 4, -5, -6, -8, -9,
-11, -13, GM-CSF, TNF-q, LIF, RANTES, complement fragments (C3a
and C5a), leukotrienes and nitric oxide are only a part of the
continuously growing number of the above molecules and sub-
stances found to be involved as local mediators in asthma [7—11].

Estrogen Replacement Therapy (ERT) has been used for decades
and currently is still being used by millions of women worldwide to
relief from menopausal symptoms; in fact, it has been clearly
demonstrated that ERT has proven benefits on vasomotor and
vaginal symptoms as well as on sexual function, urinary tract health
and osteoporosis [12]. The wide diffusion of ERT prompted a large
body of basic and clinical research to investigate, in addition to the
above mentioned benefits, also several potentially relevant draw-
backs or harmful effects of ERT. Therefore, a considerable number of
studies have been carried out to explore the impact of ERT on
several body systems and on many diseases and disorders. In this
context, interest has been focused mainly on the possible effects of
ERT on the cardiovascular system — with specific application to
coronary heart disease, stroke and venous thromboembolism —
[13—16], on the possible relationships between ERT, alone or in
combination with progesterone/progestins and several major gy-
necologic cancers (breast, ovary, endometrium) [17—20] and on the
impact of ERT on relevant metabolic disorders such as diabetes
mellitus [21]. On the other hand, relatively little attention has been
given to the impact of ERT on respiratory disorders, with the
exception of lung cancer [22,23]. In recent years, however, interest
on the possible effect of ERT on asthma has been raised, on the basis
of several observations suggesting the existence of: a) an effect of
estrogens on airway functionality; b) gender differences in the
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clinical characteristics of asthma; c) possible variations in asthma
severity in relation to the menstrual phase and to the menopausal
transition. These issues will be treated in the present article, which
is focused to examine current evidence on ERT and asthma.

2. Asthma and the female sex

Although asthma is a multifactorial disorder which affects
people of all ages, there is clear evidence that there are significant
age dependency and sex-related differences in the clinical mani-
festations of the disease. In fact, it is well known for a long time that
in the prepuberal age the prevalence of asthma is much higher in
boys than in girls, but when puberty is reached the prevalence of
asthma becomes and remains higher in women than in men [24—
27]. Therefore, it is clear that a puberty-related gender shift in
the prevalence of asthma occurs and persists throughout the entire
lifespan. Even though the magnitude of this sex-related difference
is likely modest, its impact on the overall population is potentially
highly relevant, given the very large number of people involved
[28]. Interestingly, several clinical studies suggest an association
between early menarche and higher risk of asthma and asthma
symptoms [29,30] as well as of lower lung function [30]. Moreover,
asthma morbidity, evaluated in terms of risk of hospital admission,
in the female has been also reported to be more severe than in the
male [31,32]. All these observations are consistent with the concept
that female sex hormone, particularly estrogens, influence the
clinical course and manifestations of asthma.

There is a robust literature supporting the concept that signifi-
cant variations in the incidence and severity of asthma occur in
relation to the phases of the menstrual cycle. Briefly, the menstrual
cycle is divided into two major phases: 1) follicular phase, in which
occur the recruitment, selection and development of the follicle
destined to ovulate. This phase is characterized by increasing levels
of circulating 17-beta estradiol (E2), produced by the preovulatory
follicle; 2) luteal phase, in which the follicle, after ovulation, is
converted into corpus luteum, which synthesizes and releases
progesterone (P) in order to enhance blastocyst attachment to the
endometrium. It is characterized by a drop in the circulating levels
of estrogens and by a progressive increase in progesterone con-
centration until midluteal phase (approximately 22—24 day of an
ideal cycle of 28 days). Thereafter, in the late luteal phase, also the
progesterone circulating levels start to decrease until menstruation
ensues. It has been reported that a substantial proportion of
women suffer from premenstrual and menstrual worsening of
asthma [33—35]. This proportion, calculated through questionnaire
on self-reported symptoms, has been found to be 40% and has been
found to be associated with reduction in respiratory function as
measured by peak expiratory flow rate [36]. The premenstrual
asthma (PMA) is unrelated to other premenstrual symptoms
[36,37], even though this issue has been recently questioned [38],
and has wide cycle-to-cycle variability [37]. Moreover, it has also
been found that asthma symptoms requiring treatment in hospital
emergency department were significantly more prevalent in the
premenstrual phase (46%) than in any of the other phases [39].

In addition to the above findings, there is evidence that men-
strual irregularities are associated with asthma. In two large studies
carried out on 8588 and 1631 subjects, respectively, it has been
shown that asthma symptoms and allergic asthma were more
common in women with menstrual irregularities, namely oligo-
menorrhea, than in women with regular menstruations [40,41].
Moreover, oligomenorrhea was associated with a significant
reduction of lung function, determined in terms of forced vital
capacity [41]. Interestingly, it has been found that asthma symp-
toms increased significantly with Body Mass Index (BMI) [41],

suggesting that metabolic factors, in addition to hormonal factors,
could concur in the regulation of airway function.

Asthma is one of the most common chronic diseases in pregnant
women. It has been reported that about one third of pregnant
women experience a worsening of asthma during pregnancy, one
third has no change and one third has clinical improvement [42].
Interestingly, it has been reported that the most significant
improvement in asthma severity during pregnancy occurred in
women who were initially the most hyperresponsive [43] and that
around 70% of women with asthma reported fewer symptoms in
the last month of pregnancy [42](in which the circulating levels of
estrogen and progesterone are highest), thus suggesting that es-
trogen (and, possibly, also progesterone) could have a favorable
impact on AHR. Nevertheless, there is clear evidence that 4—8% of
pregnant women have clinical exacerbations of asthma, requiring
hospitalization [44]. Pregnancy is a condition characterized by very
high concentrations of circulating estrogens, mainly estriol, as well
as of progesterone produced by the placenta. Therefore, even
though the risk factors for asthma exacerbations during pregnancy
are still poorly understood at present [45], it is possible that female
sex hormones could be involved. However, the exact role of es-
trogens, as well as of progesterone, remains largely undetermined.
Interestingly, it has been demonstrated that functional oxytocin
receptors are basally expressed — although at low levels — in hu-
man airway smooth muscle cells (HASMCs) [46], and that this
expression is increased by interleukin-13 and TNF-a. [46], which are
important mediators of several inflammatory changes occurring in
asthma. This finding suggests a potential role of oxytocin receptors
in airways in the worsening of asthma during pregnancy. However,
further investigation is still needed to clearly define the biological
and clinical significance of oxytocin receptors in HASMCs.

3. Effects of estrogen on airway function with specific
application to asthma

The effects of estrogen on airways are highly complex and still
largely incompletely understood despite extensive research has
been carried out in this area of interest. It is well known that es-
trogen exert their biological actions by binding to specific receptors
in the target cells. These receptors are located in the nucleus, even
though recently plasma membrane-bound receptors — that are
believed to be involved in determining nongenomic cell responses
— have been described [47]. Two specific estrogen receptors (ER-a
and ER-B), as well as two specific progesterone receptors (PR-A and
PR-B) have been described [48]. Both ER-o and ER-B have been
shown to be expressed in animal [49,50] and human [51] lung and
have been found in the nucleus, cytoplasm and mitochondria [52].
Both ER-a and ER- are involved in the formation and function of
normal alveolar units in the female, even though their specific roles
appear to be different: ER-o. regulates the formation of alveoli of
appropriate size and number, whereas ER-f controls the compo-
sition of the extracellular matrix which, in turn, is responsible for
alveolar elasticity [53,54]. Moreover, there is evidence supporting
the concept that ER-o is also an important regulator of airway
responsiveness [55].

Estrogen have multiple potential effects on inflammation,
metabolism and immunity [56], as well as on airway hyper-
responsiveness (AHR) [28], that can have a relevant impact on
asthma. These effects can be exerted: 1) directly on airways; 2)
indirectly by influencing the function of several immune cells
recruited in the airways physiologically or in response to several
stimuli and by modulating the release, from the above cells, of a
large array of molecules involved in the regulation of immune
response and inflammation; 3) indirectly by modulating general
metabolic changes which can have relevance in the airway
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functionality (i.e., body composition, BMI, fat distribution, insulin
resistance) (Fig. 1).

A major biomolecular mechanism by which estrogen modulate
airway responsiveness is believed to be exerted through the regu-
lation of nitric oxide (NO) synthesis and release. It has been
demonstrated that estrogen can enhance NO production by several
cell types in the airways: a) lung vascular endothelial cells and
pulmonary epithelial cells — through activation of the endothelial
nitric oxide synthase (eNOS) enzyme — [57,58], b) smooth muscle
cells through phosphorylation of neuronal nitric oxide synthase
(nNOS) [59]. NO locally generated has a relaxant effect on smooth
muscle cells, which is believed to be exerted through the increased
production of ¢cGMP leading, in turn, to the opening of large
conductance voltage- and calcium-dependent K+ channels [60].
Therefore, the estrogen-induced enhanced production of NO has a
vasodilatory action and a relaxing effect on airway smooth muscle.
Interestingly, these actions, particularly those on airway respon-
siveness, appear to be impaired in tissues from asthmatic subjects
or treated with serum from asthmatic subjects [61], thus suggesting
that asthma can be associated to a reduction in the pathway
responsible for the above reported effect of estrogen, which involve
the soluble isoform of guanyl cyclase and the heat shock protein 90
(hsp90) [61]. Additionally, estrogen has been shown to enhance
airway smooth muscle relaxation by a non-genomic, cAMP-medi-
ated reduction of intracellular calcium concentration ([Ca++]i)
[62]. It is possible that estrogen act also through other cellular
pathways, such as the activation of mitogen-activated protein ki-
nase (MAPK) [63] or by inhibiting the 11B-hydroxysteroid dehy-
drogenase 1 [64], which leads to a reduced production of tissue
specific cortisol production. However, further investigation is
needed to ascertain whether these effects are actually operative in
the airways. Recently, it has been shown that allergic airway
inflammation is associated with a significant reduction in both
glucocorticoid receptors (GR) and ER-f in the mitochondria of lung
epithelial cells, possibly leading to an impairment in the expression

Airway
responsiveness

Airway
remodelling
Genomic .
effects Airway
/ inflammatory
response

> . Systemic and

local immune
response

N

Non- genomic
effects ) BMI

Body composition
Fat distribution
Insulin resistance

Fig. 1. Schematic representation of several mechanisms by which estrogen can influ-
ence lung and airway function with specific application to asthma.

of some enzymes involved in the mitochondrial oxidative phos-
phorylation (OXPHOS), so leading to an increased reactive oxygen
species (ROS) production [65]. This could contribute to increase the
degree of oxidative stress in the airways.

The effects of estrogen on immune system cells and on in-
flammatory mediators are highly complex. Some of these effects
potentially relevant for asthma are summarized in Fig. 2. Collec-
tively considered, the immunologic effects of estrogen appear to be
directed towards an enhancement of the inflammatory response in
the airways [70], particularly in the presence of allergens [54]. This
finding is in contrast with the relaxant effects of estrogens on
airway responsiveness and suggests a dichotomous effect of es-
trogens on asthma [28]. It can also give a key to explain the
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Fig. 2. Schematic representation of some of the major known effects of estrogen on immune cells and molecules of potential interest to asthma pathogenesis. References are

indicated in square brackets.
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Table 1
Major changes occurring throughout the menopausal transition.

Table 2
Major menopause-related symptoms and problems.

Changes within the ovary

- Reduction of ovarian mass

- Reduction in the number of ovarian follicles until total disappearance

- Reduction in the number of granulosa cells

Functional changes in the physiology of the reproductive system

- Slight reduction of cyclic activity of the hypothalamus

- Increase in the frequency and amplitude of GnRH pulses

- Progressive loss of ovarian response to gonadotropins

- Ovulatory cycles less frequent

- Menstrual irregularities
Menorrhagia)

- Shift in estrogen production sites from the ovaries to peripheral tissues (fat,
muscle)

- Changes in the type of estrogen produced from estradiol to estrone

Changes in circulating levels of reproductive hormones

- Decrease of inhibin

- Marked decrease of antimullerian hormone (AMH)

- Increase of FSH

- Progressive increase of LH (less marked than FSH)

- Increase of estradiol concentrations followed by marked decrease

- Progressive increase of estrone (relative to estradiol)

- Decrease of progesterone

- Slight decrease of androstenedione

- Testosterone unchanged

- Decrease of sex hormone binding globulin (SHBG)

Metabolic changes

- Increase in BMI

- Increase in insulin resistance

Changes in other endocrine systems

- Slight decrease in thyroid function

- Slight decrease in adrenal function

(Oligomenorrhea/Transient amenorrhea/

conflicting and unequivocal results of clinical studies on asthma
and the menopausal transition as well as on the effects of exoge-
nously administered estrogens, which will be treated in the
following sections.

4. Asthma and the menopausal transition

The menopausal transition is the time period in which the
reproductive function declines until menopause is reached. It starts
with the beginning of the menstrual irregularities (around 47
years) and ends with the last menstruation. Usually it has a mean
duration of 4 years (range: 2—8 years) and is characterized by a
series of complex hormonal and metabolic changes, the most
relevant of which are reported in Table 1. It is also characterized by a
series of symptoms — of variable severity in the individual woman
— which are the consequence of the above described changes,
particularly of the estrogen deprivation secondary to follicle
reduction (until complete disappearance), and/or to follicle
dysfunction. These symptoms are reported in Table 2. They occur in
the menopausal transition and usually worsen during the meno-
pause (defined retrospectively as the lack of menstrual cycle for one
year) and the postmenopause (defined as the period starting after
the menopause until death), with the only possible exception of
vasomotor symptoms; their treatment is currently the major indi-
cation for ERT, that is associated with their disappearance or sub-
stantial improvement in the vast majority of cases.

Since a relationship between changes in circulating female
hormones and asthma has been detected and described, it is
reasonable to hypothesize that menopausal transition and meno-
pause could be associated with significant variations in asthma
incidence and/or severity. However, there are only few reliable
studies that investigated this issue. In the US Nurses’ Health Study
(NHS), a large prospective follow-up study carried out on 582.135
person-years, a statistically significant reduction of 35% in asthma

Vasomotor symptoms

- Hot flushes

- Nocturnal sweating

- Sleep disturbances

Menstrual symptoms

- Transient amenorrhea

- Long-lasting amenorrhea

- Oligomenorrhea

- Menorragia

- Abnormal uterine bleeding

Urinary and genital symptoms

- Urinary incontinence

- Sexual dysfunction

- Vaginal dryness

- Changes in the libido (usually reduction)
- Dyspareunia

Psychological symptoms

- Irritability

- Depression

- Increased anxiety

- Reduced concentration and memory
Long-lasting metabolic problems

- Osteopenia, osteoporosis and bone fractures
- Cardiovascular diseases

- Insulin resistance

- Increased BMlI/obesity

incidence was observed in 12.630 postmenopausal women not
taking hormone replacement therapy (HRT) compared to pre-
menopausal women (age-adjusted R.R.: 0.65; 95% C.I. = 0.46—0.92)
[72]. This finding is in contrast with the results of other more recent
studies. In the RHINE (Respiratory Health in Northern Europe)
study — stage I of the European Community Respiratory Health
Survey in Northern Europe (ECRHS I) — a questionnaire-based
cross-sectional analysis carried out on 1103 premenopausal and
424 postmenopausal women not using HRT, a statistically signifi-
cant association between menopause and self-reported asthma,
wheeze, asthma symptoms and hay fever was not found [73]. In a
successive cross-sectional study of the ECRHS II international sur-
vey, carried out on women in the menopausal transition, it has been
found that women who had amenorrhea for more than 6 months
had more respiratory symptoms — associated or no with allergy —
and reduced lung function — measured as FEV1 and forced vital
capacity (FVC) — than women who were still regularly menstru-
ating [74]. Moreover, it has been reported that asthma starting at
menopause is more severe and less responsive to treatment [75]. A
systematic review and meta-analysis carried out very recently on
this issue found no significant association between asthma preva-
lence or incidence and spontaneous menopause in women who did
not take any HRT [76]. However, these conclusions are based on the
results of the few studies considered eligible for and included in the
analysis; therefore, additional investigation is still needed to fully
elucidate the impact of spontaneous menopause on asthma.
Recently, a new biological phenotype of menopausal asthma has
been described [77]. It is characterized by a neutrophilic rather than
eosinophilic pattern of airway inflammation and by elevated levels
of urinary and exhaled leukotriene E4 as well as of exhaled IL-6. The
clinical correlate of this phenotype is characterized by severe
asthma with poor symptom control and scarce response to corti-
costeroid therapy [77].

The issue of asthma and surgical menopause has been addressed
in a cross-sectional English study in which surgical cessation of
menstruation has been found to be associated with a significantly
increased reporting of asthma-like symptoms, particularly wheeze,
in women who did not take HRT (O.R.: 1.55; 95% C.I. = 1.09—
2.20) [78].
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Collectively considered, the currently available data suggest that
menopausal transition is associated with some impairment of lung
function and respiratory symptoms; the possible association with
asthma, albeit suggested by several evidences, is still debated and
needs additional investigation to be fully determined. In this
context, it is difficult to fully understand the specific contribution of
other factors that can have a significant impact on incidence and
severity of asthma in the menopause and menopausal transition.
Among these factors there are genetic factors, smoking — that has
an anti-estrogen effect [79] — and smoking cessation, BMI and
increased insulin resistance as well as the degree of estrogen pro-
duction by non-ovarian sources, such as the fat tissue.

5. ERT and asthma

Current clinical evidence concerning the effects of menopausal
ERT on asthma suggests that estrogen use is associated to an
increased risk of asthma incidence and symptoms severity. In their
prospective study carried out on a large cohort of women, Troisi
et al. [72] found a moderate age-adjusted increased risk of asthma
in both past (R.R.:1.52, 95% C.I. = 1.08—2.13) and current (R.R. = 1.50,
95% C.I.: 0.98—2.30) postmenopausal users of hormone replace-
ment therapy (HRT) than in postmenopausal women who never
used this therapy. In this study, conjugated equine estrogen (CEE) —
which were the most common ERT used in U.S. at the time of the
study — were used. The authors also found that the age-adjusted
increased relative risk for asthma was positively dose-related (p
for trend = 0.007) [72]. This finding is in accordance with the re-
sults of an other contemporary study showing a reduction in the
measured peak expiratory flow and an increased consumption of
bronchodilators by inhalation in 15 postmenopausal women during
ERT [80]. The potential detrimental effects of ERT on asthma in
menopausal and postmenopausal women has been reported in a
series of successive studies. Barr et al. [81] found that current use of
estrogen alone resulted associated with an increased rate of newly
physician-diagnosed asthma (R.R. = 2.29, 95% C.I.: 1.59—3.29).In a
cross-sectional studies carried out on 2206 perimenopausal
women, 884 of which were taking HRT, Gomez Real et al. found that
the therapy was associated with an increased risk for asthma
(OR = 1.57, 95% C.I.: 1.07—2.30), wheeze and hay fever [73]. Inter-
estingly, these authors found that the risk for asthma increased
with increasing BMI in perimenopausal women not taking HRT,
whereas this association could not be detectable in women taking
HRT. This finding suggests the existence of a possible relevant
relationship between asthma, menopausal status, HRT and meta-
bolic factors. In another cross-sectional study, Jarvis et al. found that
the use of HRT was associated with an increase in wheeze in women
who underwent surgical menopause [78]. Intriguingly, this effect
was observed particularly in lean women (BMI < 25, O.R. = 1.90;
95% C.I.: 1.17—3.05; BMI > 25, O.R. = 1.02; 95% C.I.: 0.69—1.51) [78].
More recently, in a prospective study carried out on a large cohort of
57,664 postmenopausal women in which a follow-up of 495.448
person-years was accomplished, Romieu et al. [82] found that a
significantly increased rate of newly diagnosed asthma was asso-
ciated with estrogen use (hazard ratio, HR = 1.54, 95% C.l.:1.13—
2.09), whereas no increased risk was observed in women who used
estrogen and progestagen. The risk was particularly evident in
never smoker women (H.R. = 1.80, 95% C.I.: 1.15—2.80).

The results of the above reported clinical studies, usually carried
out on large populations of women by using questionnaires and
long-lasting follow-up times, are in contrast with the findings of
other studies carried out by using objective measurements of lung
function indexes in women taking ERT. In 2001, Hepburn et al. [83]
found that in postmenopausal asthmatic women ERT had no effect
on forced expiratory volume at 1 s (FEV1), an objective measure of

airway obstruction. Interestingly, the majority of women included
this study (15 out of 20) underwent hysterectomy and, therefore,
were taking estrogen alone at study entry. Therefore, the effects of
estrogen were observed independently of progesterone or pro-
gestin, that are usually administered in combination with estrogen
in women in which the uterus is conserved, in order to reduce the
risk of endometrial estrogen-related hyperplasia or cancer. This
finding is in accordance with those of several other studies, all of
which demonstrated that HRT was associated with a significant
increase in FEV1 [84—86] and in FVC [85,86] in postmenopausal
women.

6. Unanswered questions and clinical implications

Current knowledge concerning menopausal ERT and asthma
provide evidence that estrogen have multiple actions that are, at
least in part, conflicting. In fact, on the one hand estrogen have a
relaxant effect on airway smooth muscle and increase pulmonary
function, so supporting a potential benefit of their use in meno-
pausal ERT. On the other hand, it has been shown that estrogen
have an inflammatory action on airways, which is in agreement
with the clinical observations suggesting an increase in new
asthma rate associated with ERT and support the concept that es-
trogen can have a potential harmful effect on asthma. There are
several potential explanations for these conflicting findings, which
can be also in some way confusing, at least to some extent.

Differences in the methodology of the studies carried out on
asthma and menopause — particularly in study design, patient and
control selection, definition of normal and disease — as well as
differences in outcomes of interest, can explain different results
obtained in several studies.

Another potential explanation for these finding is that the bio-
logical effects of estrogen on airways can not be simply applied to
the overall clinical setting, since there are many potential factors
that can be involved in the respiratory function in menopausal
women undergoing ERT. These factors include smoking, smoking
cessation, BMI, metabolic changes occurring at menopause, hor-
monal status at menopause, physical activity and lifestyle of
women, age at menopause, spontaneous or surgical menopause,
specific type of drugs used for ERT, way of administration of ERT
(vaginal, oral, transdermal), regimen of estrogen administration,
concurrent administration of progesterone or progestin, concurring
respiratory problems other than asthma, genetic factors. It is
actually hard to exactly separate the specific effect or contribution
of each of these factors in determining asthma risk of ERT in an
individual menopausal woman. This will be a major task for future
research in the field.

An important, still unresolved issue is whether respiratory
function should be fully investigated before starting ERT. At pre-
sent, there is no clear indication for an in-depth study of lung
function before starting ERT; however, the data from literature
suggest that clinicians should be aware of the possibility of an
impairment in lung health, and particularly of asthma, in women
taking ERT and should discuss this possibility with patients before
starting ERT. Another issue of interest is whether women who are
taking ERT should undergo extensive investigation of the respira-
tory function while they are in therapy.

7. Conclusion

The issue of the impact of ERT on asthma is still partly unresolved,
despite extensive basic and clinical research has been carried out in
the last two decades. The available data show that female sex hor-
mone, particularly estrogen, have a substantial impact on airway
function and health. However, they are in part contradictory and
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potentially confusing. For this reason, it is difficult to conclude this
review with a clear take-home message on ERT and asthma. We
believe that, in a time in which much attention is given to limit
problems that are potentially created by ERT, the potential impact of
ERT on asthma and on overall lung health should be carefully
considered by clinicians who prescribe ERT, and that this impact
should be taken into account when making a balance between ad-
vantages and drawbacks of ERT. Future studies, that are without
doubt needed, will help to better understand the effects of estrogen
as well as of the other female hormones on normal airways and on
respiratory disturbances including asthma.
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