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Abstract

Objective: This study examined the impact of estrogen replacement therapy with spirometry on pulmonary
function in surgically castrated (salpingo-oophorectomy) postmenopausal women with genital prolapse.
Methods: The study included 60 postmenopausal women with pelvic organ prolapse. The study received
institutional Ethics Committee approval, and all subjects signed an informed consent. Women were randomly
divided into two groups of 30 subjects: Group 1 (n = 30) was administered estrogen replacement with 1 mg of
stradiol hemihydrate (1 mg/day) orally for 6 months, and group 2 (n = 30) was not taking estrogen. Both groups
were matched by age, height, body mass index, parity, and duration of postmenopause. All subjects were
evaluated with spirometry initially and after 6 months. For statistical analysis, descriptive and analytical
methods were used, based on data type and distribution. The mean and standard deviations were used as
measures of central tendency and variability. Categorical data were expressed as absolute and relative numbers
(percentage). The t-test for independent samples (for comparison of groups) and t-test for dependent samples
(for comparison of serial measurements in the same patients) were used. The analysis was performed using R
software (www.r-project.org), with the level of significance set at p < 0.05.
Results: Analysis of spirometry parameters showed statistically significant differences between the estrogen
users and the nonusers groups.
Conclusion: The most important study result was the significantly improved lung respiratory function in
postmenopausal women with genital prolapse after 6 months of taking estrogen, confirming that hormone
replacement therapy should be recommended to postmenopausal women. The findings of our study suggest the
need for further research into the effect of estrogen on pulmonary function.

Introduction

In the postmenopausal years, all women experience
physical effects of aging. The most important changes

occurring in postmenopausal women are due to the weak-
ening of ovarian function. These changes can include seri-
ous health conditions such as osteoporosis, heart disease,
urogenital prolapse with urinary incontinence, and oth-
ers.1–4 Furthermore, other conditions such as lung function
are associated primarily with aging but certainly are im-
pacted by ovarian hormones. All sex steroid hormone re-
ceptors have been shown to be expressed in lung tissue.5

The respiratory system undergoes various structural,
physiological, and immune changes with age. There is an
increase in airspace size with aging, resulting from the loss

of supporting tissue. Loss of lung function occurs quickly in
postmenopausal women, and respiratory muscle strength
decreases with age.6,7

Spirometry is an interesting biomarker of aging and a
physiological test that measures how an individual inhales
or exhales volumes of air as a function of time. The primary
signal measured in spirometry may be volume or flow.
Spirometry performed by dozens of thousands of individuals
has resulted in large databases that can be used to determine
lung age.8–10 It is known that estrogen can affect women’s
pulmonary functions.11–15 One such study showed that
postmenopausal women who used estrogen replacement
therapy (ERT) had higher levels of forced expiratory volume
in first second (FEV1) and less airway obstruction.13 Most
postmenopausal women who are treated with hormone
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replacement therapy (HRT) use a combined form of estrogen–
progestin therapy, but women having undergone hyster-
ectomy generally use estrogen-only treatment.3,4,16–18 Several
lines of evidence in young women suggest that sex steroids
may play a role in modifying lung function.19,20 Oral con-
traceptive users have been found to have significantly higher
total lung capacities when compared with nonusers.19,21

There is limited knowledge about the relationship be-
tween HRT and lung function in postmenopausal women. It
is well known that estrogen is traditionally used to improve
the structural integrity of all tissues, so it can be assumed
that the estrogen has a good effect on lung tissue. To provide
more objective data on the relationship of ERT and lung
function, we designed a prospective crossover study to
measure lung function with spirometry in postmenopausal
women taking and not taking estrogen. We hypothesized
that ERT would be independently associated with better
pulmonary function in postmenopausal women.

Material and Methods

Subjects

The study included 60 postmenopausal women with pelvic
organ prolapse (POP), all admitted to the hospital for surgery.
The study was carried out at Department of Gynecology and
Obstetrics, University Hospital in Split, Croatia, between
March, 2009, and November, 2010. The study protocol was
approved by the University Hospital Ethics Committee, and a
written informed consent to participate was obtained from
each patient. Women with previous pelvic surgery or pelvic
radiation therapy, pelvic inflammatory disease, pelvic or
other malignancies, age older than 70 years, cardiopulmonary
disease, especially chronic obstructive pulmonary disease
(COPD) or asthma, corticosteroid use, hypertension, anemia,
diabetes mellitus, anticoagulant therapy, neurologic disease
that may be associated with bladder disorders, anticholiner-
gic or duloxetine medication, immobility, previous HRT, and
previous active tobacco smoking were excluded from the
study. The study and control group women were matched by
age, height, body mass index (BMI), parity, and duration of
postmenopause. Previously, all women had been in post-
menopause for more than 2 years and had undergone hys-
terectomy and bilateral salpingo-oophorectomy.

Protocol

Patient evaluation included medical history, gynecologic
examination, and dynamic spirometry testing. Signs of POP
were recorded on pelvic examination and described ac-
cording to the International Continence Society Pelvic Organ
Prolapse (POP-Q) Classification.19,22 The study group had
POP-Q prolapse stage 1 or more. BMI (kg/m2) was calcu-
lated, and spirometry was performed in all women. Eva-
luation was generally performed between 9 a.m. and 11 a.m.,
with the respiratory laboratory personnel being unaware of
the subject’s status.

Testing of pulmonary function

Spirometry was done in all women prior to surgery and
repeated at 6 months. The forced expiratory maneuvers were
performed according to the American Thoracic Society (ATS)
and the European Respiratory Society (ERS) recommenda-

tions.8,9,20,23 Spirometry was performed using a computed
spirometer (MASTERLAB, Jaeger, Germany). Volume cali-
brations were performed before each test. The participants
were seated, with the nose clip in place. They were instructed
to breathe spontaneously, then, without rushing, the subject
would inhale her vital capacity, followed by complete, most
forceful expiration through the mouthpiece. The following
parameters of the flow–volume curve were considered:
Forced expired vital capacity (FVC), FEV1, peak expiratory
flow (PEF), forced expiratory flow at 75% of FVC (FEF75),
forced expiratory flow at 50% of FVC (FEF50), and forced
expiratory flow at 25% of FVC (FEF25). Real time–generated
flow–volume curves were checked; if high-frequency irreg-
ularities were present, the measurement was discarded. The
subjects repeated the test until three acceptable maneuvers
were collected, in which the highest two values of FVC and
FEV1 differed by 5% or less. Last, the data corresponding to
the maneuver with highest FEV1 were taken.8,9

Hormone replacement therapy use

None of the subjects had previously received HRT. The
participants were randomly divided into two groups of 30
subjects: ERT group (n = 30) administered orally 1 mg estra-
diol hemihydrate (1 mg/day) for 6 months; and non-ERT
group (n = 30) not taking ERT.

Statistical analysis

In statistical analysis, descriptive and analytical methods
were used, based on data type and distribution. The mean
and standard deviations were used as measures of central
tendency and variability. Categorical data were expressed as
absolute and relative numbers (percentage). The t-test for
independent samples (for comparison of groups) and t-test
for dependent samples (for comparison of serial measure-
ments in the same patients) were used. The analysis was
performed using R software (www.r-project.org), with the
level of significance set at p < 0.05.

Results

This study included 60 postmenopausal women who had
undergone surgery for uterine prolapse. All women had
surgical hysterectomy and salpingo-oophorectomy (castra-
tion). Women were randomly divided into two groups of 30
subjects: Group 1 (n = 30) administered ERT with 1 mg of
estradiol hemihydrate (1 mg/day) orally for 6 months, and
group 2 (n = 30) not taking ERT. Comparison of the basic
anthropometric indicators and age showed no statistically
significant difference between the two groups. There was no
statistically significant difference in the number of deliveries
and abortions in the patients’ histories or in the post-
menopause duration (Table 1).

Analysis of changes in spirometry indicators between the
ERT and non-ERT groups showed statistically significant
differences in the former but not in the latter, with the ex-
ception that the FVC parameter was elevated, although not
significantly, in the ERT group (Table 2).

Discussion

It is known that estrogen can affect women’s pulmonary
functions.5,11–15,19–21 Studies investigating the relationship
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between hormones and pulmonary function among post-
menopausal women are limited.13–15 Estrogen deficiency
after the menopause accelerates adverse effects of biological
aging on the lung mechanics in postmenopausal women.
These effects can be studied in a female animal model with a
long life span after ovariectomy (castration) and postopera-
tive administration of ERT. Ovariectomy in adult mice re-
sulted in the loss of alveoli, absence of estrogen receptors,
and diminished alveolus formation, whereas ERT in ovari-
ectomized mice resulted in alveolar regeneration.24,25

In the present study, we investigated spirometry param-
eters in postmenopausal women with genital prolapse. They
were chosen as a representative group with damaged mus-
cular and connective tissue. Pulmonary respiratory function
depends on the integrity of connective tissue. Previously,
Strinic et al. have hypothesized that connective tissue ab-
normalities are general. According to this hypothesis, it is
likely that the lung contains a lower concentration of colla-
gen. The authors found the pulmonary ventilation function
to be weakened in women with genital prolapse.21,26

We hypothesized that ERT would be independently as-
sociated with better pulmonary function in castrated post-
menopausal women with POP. We investigated the effect of
ERT on respiratory lung function with spirometry testing.
There are various views in the literature about the restorative
effects of estrogen on lung function. It is known that estrogen
has receptors in the lung and can have general effects on the
lung respiratory function through receptors.5,11–15,20,24,25

Analysis of changes in spirometry indicators in the two
study groups of ERT administered and non-ERT women
yielded statistically significant differences in the ERT group
but no changes in the non-ERT group, with the exception of
the nonsignificantly increased FVC parameter in the former.

Previously, two small studies examined pulmonary func-
tion in postmenopausal women who were on estrogen
therapy, one in a group of women without asthma and one
in a group of women with asthma.11,22,27 Women without
asthma did not have significantly different FEV1 values after
the initiation of ERT. However, estrogen therapy was asso-
ciated with an inhibitory effect on airway reactivity of
bronchial smooth muscle.11 Women with asthma experi-
enced a significantly decreased peak expiratory flow and
increased bronchodilator requirements after estrogen use,
but there was no significant difference in spirometry val-
ues.22,27 Both of these studies were small (n = 15 and n = 36,
respectively), did not control for potential confounders, and
considered only unopposed estrogen therapy. Pata et al.
examined the effects of three different treatment protocols,
i.e., estrogen, estrogen with progestin, and tibolone, on re-
spiratory function in three separate small groups of post-
menopausal women. A significant difference was observed
in FVC and FEV1 only in the group of estrogen with pro-
gestin after 3 months. There was no significant difference
between pre- and posttherapy values in other parameters.14

A similar study was performed by Cevrioglu et al., who
investigated the effects of HRT on lung function in

Table 1. Comparison of Age and Basic Anthropometric Indicators Between ERT Users and Non-ERT Subjects

ERT users Non-ERT users
Indicator (n = 30) (n = 30) p*

Age (years); mean – SD 57.54 – 4.27 57.61 – 4.98 0.775
Height (cm); mean – SD 165.75 – 7.21 165.67 – 6.50 0.871
Body weight (kg); mean – SD 73.15 – 9.71 73.57 – 8.45 0.525
Body mass index (kg/m2); mean – SD 26.74 – 3.32 26.19 – 3.57 0.458
Number of deliveries; median (IQR) 2.0 (1.0) 2.0 (1.0) 0.161**
Postmenopause duration (years); median (IQR) 4.2 (6.0) 4.7 (6.0) 0.492**

The t-test was used for independent samples, except for cases where the Mann–Whitney test was used (**).
ERT, Estrogen replacement therapy; SD, standard deviation; IQR, interquartile range.

Table 2. Spirometry Indicators According to ERT Use

ERT Non-ERT

(n = 30) (n = 30)

Mean – SD, 1 Mean – SD, 2 p* Mean – SD, 1 Mean – SD, 2 p*
FVC 103.45 – 18.2 107.62 – 17.8 0.135 102.64 – 14.65 102.38 – 14.84 0.527
FEV1 91.18 – 16.97 98.89 – 17.32 0.017 87.56 – 12.09 86.19 – 12.52 0.035
PEF 75.72 – 28.86 92.82 – 28.93 < 0.001 72.59 – 20.93 73.96 – 20.86 0.205
FEV1/FVC 97.23 – 12.75 102.46 – 10.4 0.005 93.91 – 11.18 93.66 – 12.7 0.717
FEF25–75 64.55 – 20.97 81.08 – 25.62 0.001 61.17 – 19.71 60.76 – 21.41 0.768
MEF75% 75.21 – 27.26 92.25 – 26.48 < 0.001 69.08 – 22.04 68.95 – 22.93 0.922
MEF50% 66.31 – 20.8 80.33 – 23.63 0.003 61.09 – 17.58 59.82 – 18.82 0.350
MEF25% 62.82 – 27.58 81.29 – 36.21 0.001 58.21 – 26.45 58.54 – 27.36 0.880

*t-test for independent samples.
ERT, Estrogen replacement therapy; SD, standard deviation; FVC, forced vital capacity; FEV1, forced expired volume in 1 sec; PEF, peak

expiratory flow; FEF25–75, forced expiratory flow at 25%–75% of FVC; MEF25%, flow at 25% of FVC; MEF50%, flow at 50% of FVC;
MEF75%, flow at 75% of FVC.
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postmenopausal women. The authors divided the respon-
dents into three small groups. A statistically significant in-
crease was observed only in the FVC and FEV1 parameters
of the estrogen + progestin group after 3 months of therapy.15

The only relevant study that is comparable to our study is
the one by Carlson et al.13 These authors examined the re-
lationship of HRT with spirometry in 2,353 women older
than 65 years and participating in the Cardiovascular Health
Study in 1993/1994. Current HRT use was defined as es-
trogen or estrogen/progestin use. Of the women using HRT,
81.4% were using unopposed estrogen, and 18.6% were us-
ing combined estrogen/progestin. The study showed that
estrogen + progestin users had the highest levels of FVC
and FEV1, which the authors could not explain.13 Among the
respondents were women with asthma and smokers, and
they were on average significantly older than our subjects
were. Furthermore, individual doses and duration of therapy
were unknown.13

On the other hand, in women aged 24–35, the use of an
oral contraceptive containing estradiol and progestin in-
creased the FEF rates, especially flow rates at low lung vol-
umes.21 Hence, these findings in young women point to the
alveolar-maintaining effect, and perhaps alveolar-regenerating
ability, of ovarian hormones. The loss of alveoli in mice after
ovariectomy and their regeneration during estradiol re-
placement suggest estrogen to be the ovarian hormone re-
sponsible for maintaining alveolar structural stability and for
inducing alveolar regeneration in women.24,25

It is important that we analyzed postmenopausal women
because postmenopause is a factor involved in weakening of
the lung mechanical function. Because estrogen deficiency is
a known risk factor for the processes of aging of many tis-
sues, organs, and systems in the human body, ERT has been
traditionally used to improve structural integrity of the tis-
sues. Estrogen receptors (ER) were identified in the nuclei of
connective tissue and of the smooth muscle cells of the lung.
These receptors participate in maintaining the connective
tissue by increasing the synthesis or decreasing the break-
down of collagen. These findings suggest that estrogen re-
stores the collagen metabolism and increases the turnover of
connective tissues of the lung.5,7,11,22,27 Animal studies have
shown that ERs regulate estrogen action on the lung tissue.11

To our knowledge, our article is the first report with sig-
nificantly higher values of spirometry parameters in post-
menopausal women with POP after 6 months of ERT. It
should be noted that our study population was a specific
one. The main strength of the present study is sample size,
strict inclusion criteria, and the fact that study women were
matched for age, height, BMI, parity, and menopausal status.
This reduced the potential errors due to the influence of sex
hormones. Our results are different from the results reported
by other authors because our methodology was different.
The leading reason is that our subjects were a representative
group of women with very poor muscle and connective tis-
sue. Furthermore, our pattern was large enough, all subjects
were surgically castrated postmenopausal women with
previous hysterectomy and oophorectomy, and the study
group women were taking unopposed estrogen. The most
important evidence for a favorable effect of estrogen on the
lung is that the postmenopausal women with genital pro-
lapse showed improved spirometry parameters following
estrogen therapy administration.

The results of our study may be explained by a few rea-
sons; however, we adjusted for many factors that could have
influenced our results. The results remain significant and
clinically detectable and are supported by in vitro models.
Estrogen and progestin have been associated with relaxation
of bronchial and airway smooth muscle. Animal and human
models have shown that both progestin and estrogen induce
relaxation of bronchial muscle. An alternative explanation of
the positive association could be that ERT improves mus-
cular integrity, thus improving pulmonary function. Estro-
gen and progestin have been found to increase both muscle
strength and function and to induce skeletal myoblast
growth. However, if ERT improves musculoskeletal integ-
rity, which increases total lung capacity, then spirometry
tests should have been significantly higher among ERT
users.24,25,28,29 Recently, it has been discovered that estrogen
could play a crucial role in collagen production, and it is a
possible explanation of our results.27,32 A major handicap for
our research is the very small number of articles regarding
the effects of estrogen in the human lung.

Finally, this study indicated a beneficial effect of estrogen on
bronchial or lung tissue. Also, these data confirm that HRT
should be recommended to all postmenopausal women, es-
pecially to those with pelvic organ prolapse. Our findings call
for additional studies of the potential effects of estrogen re-
placement administration on pulmonary function in postmen-
opausal women, especially to those with pelvic organ prolapse.

Acknowledgments

This study was supported by the Croatian Ministry of
Science, Education and Sports project (No. 216-0000000-
0535); head researcher Professor Tomislav Strinic, M.D.,
Ph.D.

Author Disclosure Statement

We certify that all of the authors did not have any rela-
tionship with companies that may have a financial interest in
the information contained in the manuscript.

References

1. Nelson HD. Menopause. Lancet 2008;371:760–770.
2. Lund K. Menopause and the menopausal transition. Med

Clin N Am 2008;92:1253–1271.
3. Stevenson JC. A woman’s journey through the reproductive,

transitional and postmenopausal periods of life: Impact on
cardiovascular and musculo-skeletal risk and the role of
estrogen replacement. Maturitas 2011;70:197–205.

4. AACE Menopause Guidelines Revision Task Force Ameri-
can Association of ClinicalEndocrinologists medical guide-
lines for clinical practice for the diagnosis and treatment of
menopause. Endocr Pract 2006;12:315–317.

5. Carey MA, Card JW, Voltz JW, Germolec DR, Korach KS,
Zeldin DC. The impact of sex and sex hormones on lung
physiology and disease: Lessons from animal studies. Am J
Physiol Lung Cell Mol Physiol 2007;293:272–278.

6. Sharma G, Goodwin J. Effect of aging on respiratory system
physiology and immunology. Clin Interv Aging 2006;1: 253–
260.

7. Massaro D, DeCarlo Massaro G. Toward therapeutic pul-
monary alveolar regeneration in humans. Proc Am Thorac
Soc 2006;3:709–712.

4 STIPIC ET AL.



8. Miller MR, Crapo R, Hankinson J, Brusasco V, Burgos F,
Casaburi R, Coates A, Enright P, van der Grinten CPM,
Gustafsson P, Jensen R, Johnson DC, MacIntyre N, McKay R,
Navajas D, Pedersen OF, Pellegrino R, Viegi G, Wanger J.
General considerations for lung function testing. Eur Respir J
2005;26:153–161.

9. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R,
Coates A, Crapo R, Enright P, van der Grinten CPM, Gus-
tafsson P, Jensen R, Johnson DC, MacIntyre N, McKay R,
Navajas D, Pedersen OF, Pellegrino R, Viegi G, Wanger J.
Standardisation of spirometry. Eur Respir J 2005; 26:319–338.

10. Steenbruggen I, Mitchell S, Severin T, Palange P, Cooper BG.
Harmonising spirometry education with HERMES: Training
a new generation of qualified spirometry practitioners across
Europe. Eur Respir J 2011;37:479–481.

11. Lieberman D, Kopernic G, Porath A, Levitas E, Lazer S,
Heimer D. Influence of estrogen replacement therapy on
airway reactivity. Respiration 1995;62:205–208.

12. Balzano G, Fuschillo S, Melillo G, Bonini S. Asthma and sex
hormones. Allergy 2001;56:13–20.

13. Carlson CL, Cushman M, Enright PL, Cauley JA, Newman
AB. Hormone replacement therapy is associated with higher
FEV1 in elderly women. Am J Respir Crit Care Med 2001;
163:423–428.

14. Pata O, Atis S, Utku Oz A, Yazici G, Tok E, Pata F, Kilic C,
Camdeviren H, Albam M. The effects of hormone replace-
ment therapy type on pulmonary functions in postmeno-
pausal women. Maturitas 2003;46:213–218.

15. Cevrioglu AS, Fidan F, Unlu M, Yilmazer M, Orman A,
Fenkci IV, Serteser M. The effects of hormone therapy on
pulmonary function tests in postmenopausal women. Ma-
turitas 2004;49:221–227.

16. Roberts H. Managing the menopause. Br Med J 2007;334:
736–741.

17. Gompel A, Rozenberg S, Barlow DH. The EMAS 2008 up-
date on clinical recommendations on postmenopausal hor-
mone replacement therapy. Maturitas 2008;61:227–32.

18. Hansen LB, Portman D. Hormone therapy update. Current
recommendations formenopausal symptoms. US Pharm
2006;31:86–89.

19. Seaton A. Pulmonary capillary blood volume in women:
Normal values and effect of oral contraceptives. Thorax
1972;27:75–79.

20. Saaresranta T, Polo O. Hormones and breathing. Chest
2002;122;2165–2182.

21. Strinic T, Eterovic D. Oral contraceptives improve lung
mechanics. Fertil Steril 2003;79:1070–1073.

22. Bump RC, Mattiasson A, Bo K, Brubaker LP, DeLancey JO,
Klarskov P, Shull BL, Smith AR. The standardization of
terminology of female pelvic organ prolapse and pelvic floor
dysfunction. Am J Obstet Gynecol 1996;175:10–17.

23. McCormack MC, Shade D, Wise RA. Spirometer calibration
checks: Is 3.5% good enough? Chest 2007;131:1486–1493.

24. Massaro D, DeCarlo Massaro G. Estrogen regulates pulmo-
nary alveolar formation, loss, and regeneration in mice. Am J
Physiol Lung Cell Mol Physiol 2004;287:1154–1159.

25. Massaro D, Biadasz Clerch L, DeCarlo Massaro G. Estrogen
receptor-a regulates pulmonary alveolar loss and regenera-
tion in female mice: Morphometric and gene expression
studies. Am J Physiol Lung Cell Mol Physiol 2007;293:
222–228.

26. Strinic T, Eterovic D, Dujic Z, Markovic V, Tocilj J. Spiro-
metric disorders in women with genital descensus. Acta
Obstet Gynecol Scand 1997;76:879–883.

27. Lieberman D, Kopernik G, Porath A, Lazer S, Heimer D.
Sub-clinical worsening of bronchial asthma during estrogen
replacement therapy in asthmatic postmenopausal women.
Maturitas 1995;21:153–157.

28. Heikkinen J, Kyllonen E, Kurttila-Matero E, Wilen-Rosenq-
vist G, Lankinen KS, Rita H, Vaananen HK. HRT and ex-
ercise: Effects on bone density, muscle strength and lipid
metabolism. A placebo controlled 2-year prospective trial on
two estrogen-progestin regimens in healthy postmenopausal
women. Maturitas 1997;26:139–149.

29. Lowe DA, Baltgalvis KA, Greising SM. Mechanisms behind
estrogen’s beneficial effect on muscle strength in females.
Exerc Sport Sci Rev. 2010;38: 61–67.

30. Sarwar R, Beltran N, Rutherford OM. Changes in muscle
strength, relaxation rate and fatigability during the human
menstrual cycle. J Physiol 1996;493:267–272.

31. Kahlert S, Grohe C, Karas RH, Lobbert K, Neyses L, Vetter
H. Effects of estrogen on skeletal myoblast growth. Biochem
Biophys Res Commun 1997;232:373–378.

32. Hansen M, Kongsgaard M, Holm L, Skovgaard D, Mag-
nusson SP, Qvortrup K, Larsen JO, Aagaard P, Dahl M,
Serup A, Frystyk J, Flyvbjerg A, Langberg H, Kjaer M. Effect
of estrogen on tendon collagen synthesis, tendon structural
characteristics, and biomechanical properties in postmeno-
pausal women. J Appl Physiol 2009;106:1385–1393.

Address correspondence to:
Tomislav Strinic

Department of Gynecology and Obstetrics
University Hospital

Spinciceva 1
21000 Split

Croatia

E-mail: tstrinic@kbsplit.hr

Received: April 2, 2012
Accepted: July 25, 2012

ESTROGEN IMPROVES LUNG FUNCTION 5


