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Effects of progesterone treatment in polycystic ovary syndrome
on pulmonary functions
Polikistik over sendromunda progesterone tedavisinin pulmoner fonksiyonlara
etkisi
Fikriye KARANFIL-YAMAN1, Sertaç ARSLAN2
ÖZET

ABSTRACT
Objective: We aimed to evaluate patients with

Amaç:

polycystic ovary syndrome in terms of respiratory

hastaların

function tests and to investigate the relationship

değerlendirilmesi

between progesterone therapy and pulmonary functions.

solunum fonksiyonlarına etkisinin değerlendirilmesi

Methods:

Fifty patients, who were diagnosed

ve

fonksiyon

testlerinin

progesteron

tedavisinin

amaçlanmıştır.
Yöntem: Eğitim araştırma hastanesi kadın doğum

criteria, at gynecology and obstetrics clinic of a research

kliniğinde Rotterdam Kriterleri’ne göre polikistik over

and training hospital included in the study group. Fifty

sendromu (PKOS) tanısı almış hastalar ve PCOS olmadığı

healthy person were included in the control group. Both

bilinen sağlıklı kadınlar üniversite hastanesi göğüs

groups were evaluated with pulmonary function tests

hastalıkları kliniğinde solunum fonksiyon testi (SFT)

(PFT) at pulmonary medicine clinic of a university hospital.

ile değerlendirildi. SFT’den bağımsız olarak, PKOS

Independent from PFT survey, the patient group was

hastaları kadın doğum kliniğinde iki siklus boyunca,

treated with two cycles of medroxyprogesterone acetate

siklusun 16 ve 25. günleri arasında medroxyprogesterone

between 16 and 25 days of the cycle as the standart follow

acetate ile tedavi edildi. Tedavi sonrasında hastalar

up and treatment at gynecology and obstetrics clinic.

tekrar SFT ile değerlendirildi. Bağımsız değişkenlerin

Afterwards they were evaluated with PFT again. Statistical

karşılaştırılmasında Student’s t-test, normal dağılım

analysis of independent measurements were analyzed by

göstermeyen değişkenlerde Mann-Whitney U test ve

Student’s t-test. Mann-Whitney U, Wilcoxon test was used

Wilcoxon test kullanıldı. P<0.05 değeri istatistiksel

to analyze the data without normal distribution. P value

olarak anlamlı kabul edildi.

Results: Post-treatment pulmonary function test
values were compared with pre-treatment values. Post-

2

solunum

polycystic ovary syndrome (PCOS) according to Rotterdam

<0.05 was considered as significant.

1

Çalışmamızda polikistik over sendromlu

Bulgular: Tedavi sonrası FEV1 ve FVC değerleri
tedavi öncesine göre anlamlı olarak artmış bulundu.
Sonuç:

PKOS

hastalarının

tedavi

öncesi

SFT

treatment FEV1 and FVC values were found increased

değerleri ile kontrol grubu arasında anlamlı farklılık

after the treatment.

saptanmazken, tedavi sonrası FEV1 ve FVC değerleri
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Conclusion:

Although the pulmonary function

artmış bulundu.

of PCOS patients were not different from that of the
healthy female population, progesterone treatment has
been shown to increase FEV1 and FVC parameters.
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INTRODUCTION
The polycystic ovary syndrome (PCOS) is an

including immune and cardiorespiratory systems.

important cause of both menstrual irregularities

Progesterone is known to cause a decrease in

and androgen excess, affecting between 5% and

upper airway resistance. However there is no clear

15% of women of reproductive age (1). PCOS

understanding of how progesterone mediates its

is

ovulation,

stimulant respiratory effects. Mechanistically, it

reduced fertility, miscarriage, and imbalance of

was demonstrated that this hormone elicits some

reproductive hormones (2). Previous studies have

of its respiratory effect via the classical mechanism

demonstrated that women affected by PCOS show

of the nuclear progesterone receptor. Moreover,

higher rates of respiratory disorders in comparison

experimental results indicate that the membrane

to the general population (3, 4). It is possible that

progesterone receptors could have a key role in the

hormonal changes in women affected by PCOS such

regulation of the respiratory control system (7).

as hyperandrogenism, hyperestrogenism and variable

Menstrual irregularity and/or oligomenorrhea, which

levels of gonadotropins in the blood may cause

is a hallmark of PCOS, has a detrimental effect on lung

pulmonary function problems (2). PCOS and asthma

function. Women with menstrual irregularity and/

share many common features regarding metabolic

or oligomenorrhea are known to have a significantly

control, systemic inflammation, allergy, menstrual

lower forced vital capacity (FVC) than women with

cycle and female sex hormones. Both conditions

regular menstruations. The lung function is also

are aggravated by obesity and improved by weight

affected by body mass index (BMI). At BMI 25 (kg/

loss (5). According to a study, 10.6% of patients with

m2) FVC and FEV1 (forced expiratory volume during

PCOS, were admitted to hospital because of asthma

the first second) were at their maximum. Higher or

compared to only 4.5% among the control group

lower BMI is associated with a lower FVC and FEV1

without PCOS. Furthermore, a higher prevalence

among women with irregular menstruations (8).

of respiratory diseases in general was seen among

We also aimed to evaluate patients with polycystic

the patients with PCOS (6). Furthermore, there

ovary syndrome in terms of respiratory health and to

are growing evidences proving that progesterone

investigate the relationship between progesterone

is

therapy and pulmonary functions, which is one of the

characterized

potent

by

impairment

respiratory

stimulant.

of

Physiological

effects of progesterone can affect various systems,
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MATERIAL and METHOD

FEV1/FVC ratio was calculated. Acceptability criteria

One hundred premenopausal women were included
into the study, whose diagnosis and treatment were
done in the research and training hospital gynecology
clinic. Study was approved by the university hospital
Ethics Committee. Participants were informed about
the study design and they signed the consent form to
participate to the study. Fifty patients between the
ages of 15 and 45, who had polystic ovary syndrome
diagnosis according to Rotterdam criteria, having no
systemic disease, no history of smoking, no asthma
and chronic obstructive pulmonary disease (COPD)
were included in the study group. Non-classic adrenal
21-hydroxylase

deficiency,

hyperprolactinemia

and androgen secreting tumors were excluded by
appropriate tests before the diagnosis of PCOS was
made. Diagnosis is based on the Rotterdam criteria,
comprising two of the following three conditions: (a)
hyperandrogenism, (b) oligo- and/or anovulation,
and (c) polycystic ovaries on ultrasound (9). Fifty
patients who had regular menstrual cycles, no
ultrasonographically

diagnosed

polycystic

ovary

syndrome, no signs of hyperandrogenism, 15-45 years
of age, no systemic disease, no smoking, no asthma and
no COPD were included in the control group. Patients
were assessed by pulmonary function tests (PFT) when

were applied to all participants (10). The patient
group was then treated with two cycles of 10 mg/
day medroxyprogesterone acetate between 16 and 25
days of the cycle. Afterwards they were evaluated by
PFT again. Demographic data such as age, gravida,
parity, body weight, body mass index of the patients
were recorded in the application. Patients were
also tested for follicle-stimulating hormone (FSH),
luteinising hormone (LH), 17b-estradiol (E2), values
before and after progesterone treatment. FEV1,
FVC, FEV1/FVC, FEF 25-75, PEF were also evaluated
before and after treatment in PFT. The obtained data
were analysed using SPSS 18.0 (SPSS, Chicago, IL)
package programs. Continuous quantitative data are
given as n, mean value and standard deviation, and
qualitative data are expressed as n, median and 25th
and 75th percentiles, respectively. Statistical analysis
of independent measurements and continuous data
showing normal distribution were analyzed by Paired
Sample t-test. Mann-Whitney U, Wilcoxon test was
used to analyze data with no normal distribution
or the data of score variables. Chi-square test was
performed for data sets in categorical structure. P
value <0.05 was accepted as statistically significant.

RESULTS

they were diagnosed with polycystic ovary syndrome
and the control group was assessed by PFT when

When the demographic characteristics of the

they applied for outpatient examinations. Pulmonary

patient and the control group were compared, it

function tests were explained to the participants

was observed that there was statistically significant

prior to measurement and a test was performed for

difference between the two groups in terms of age,

adaptation with a spirometer (Quark b2, Cosmed

gravidity and parity. Median age was 20 in the patient

S.r.l., Italy). The procedure required the patient to

group and 24.5 in the control group (p <0.001).

wear a nose clip and perform a forced expiratory

However, body weight and body mass index (BMI)

maneuver. Before the mouthpiece was placed into

was not significantly different between the groups.

the patient’s mouth, patient was instructed to inhale

Median weight was 61.5 kilograms in the patient group

completely then take a deep and rapid expiration

and 60.5 kg in the control group (p> 0.05), median

as much as she could. Forced expiratory volume

BMI was 24 kg/m2 in the patient group and 23.4

in 1 s (FEV1), forced vital capacity (FVC), forced

kg/m2 in the control group (p> 0.05). Demographic

expiratory flow at 25–75% vital capacity (FEF25–75),

characteristics of the patient group and control group

peak expiratory flow (PEF) were measured, and

are shown in Table 1. Also, hormone values were

Turk Hij Den Biyol Derg
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compared before and after the treatment in the

were compared with the results of the patient group

patient group and the difference in hormone levels

before the progesterone treatment. There was no

is considered as statistically significant (p <0.001)

statistically significant difference between the values

(Table 2). Pulmonary function tests were performed

obtained from the PFT in the two groups (p> 0.05)

in the follicular phase before treatment and after 2

(Table 3). Also, pre-treatment pulmonary function

cycles of cyclic progesterone treatment in the patient

test values were compared with post-treatment

group. PFT were performed in the control group

values in the patient group. Post treatment FEV1 and

when they applied for polyclinic examination at the

FVC values increased after the treatment (p<0.001)

follicular phase. The PFT results of the control group

(Table 4).

Table 1. Demographic and clinical characteristics of the study population
Patient (PCOS) Group
N=50 (%)

Control group
N=50 (%)

P value

20(17.5-23.5)

24.5(21-29)

p<0.001

0
1
2
3
4

30(60%)
6(12%)
9(18%)
4(8%)
1(2%)

10(20%)
15(30%)
19(38%)
6(12%)
0

p<0.001

0
1
2
3

30(60%)
11(22%)
8(16%)
1(2%)

10(20%)
24(48%)
12(24%)
4(8%)

p<0.001

Weight (kg)

61.5(52-71.5)

60.5(54-64.2)

p>0.05

BMI (kg/m2)

24(21.4-29.3)

23.4(21.8-27.6)

p>0.05

Age (years)
Gravidity

Parity

PCOS, Polycyctic ovary syndrome; BMI, Body mass index

Table 2. Patients’ (PCOS) hormonal characteristics before and after treatment
Before Treatment

After Treatment

P value

FSH (mIU/ml)

7.3(5.8-8.3)

5.4(4.3-6.2)

p<0.001

LH (mIU/ml)

11.8(8.6-14.7)

5.3(4.7-6.2)

p<0.001

77(48-95)

25(21-29)

p<0.001

Estradiol (pg/ml)

PCOS, polycystic ovary syndrome; FSH, follicle-stimulating hormone; LH, luteinising hormone
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Table 3. Pulmonary function test results in the PCOS group before treatment and in the control group
Patient (PCOS) Group (Before treatment)

Control Group

N=50

N=50

FEV1

2,92±0,54

2,90±0,52

p>0.05

FVC

3,35±0,54

3,31±0,57

p>0.05

88,65 (85-92,6)

89,55 (85,5-92,15)

p>0.05

P value

FEV1/FVC %

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity

Table 4. Pulmonary function test results in the PCOS group before and after progesterone treatment
Patients (PCOS) Group
Before Treatment
N=50

Patients Group
After Treatment
N=50

P value

FEV1

2,84 (2,55-3,2)

3,23 (3-3,8)

p<0.001

FVC

3,33 (2,99-3,64)

3,62 (3,44-4,24)

p<0.001

FEV1/FVC %

88,65 (85-92,3)

92 (87-95)

p>0.05

FEV1, Forced expiratory volume in 1 second; FVC, forced vital capacity

DISCUSSION
The

present

with PCOS have an increased risk of pregnancy
study

provides

evidence

that

progesterone supplementation results in better
pulmonary function test results in patients with
PCOS. Changes in the pulmonary function tests were
evaluated in patients with PCOS after progesterone
treatment and compared with the results of the
control group. While the body weight and BMI were

loss (11). No significant differences were reported
between the study and control groups’ pulmonary
function tests before the progesterone treatment
(p>0.05) (Table 3). Ucok K et al, also could not find
any difference at FEV1, FVC, FEF25-75 and PEF values
between PCOS patients and normal controls (12).
Then,

two

cycles

of

10

mg/day

similar between the two groups, age, gravida and

medroxyprogesterone acetate treatment was given

parity were found to be higher in the control group.

between the 16 and 25 days of the menstruel cycle in

This can be explained by the fact that oligo-ovulation

the patient (PCOS) group. The post-treatment FEV1

is a common occurrence in women with PCOS and

and FVC values were found to be significantly increased

the duration of the conception is generally prolonged

when compared both with the pre-treatment values

in these patients. As it is known, most women with

of PCOS patients and with the control group. It can

PCOS and oligo-ovulation, require ovulation induction

be the result of patient selection, which the PCOS

treatments in order to have pregnancy and women

group and the control group were chosen from non-
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asthmatic patients. However, the mean FEV1/FVC

has been shown that sex hormones play a role in

values were not significantly different before and

the development of many physiological processes.

after the treatment (p> 0.05). This can be due to

There are many studies in the literature, showing

increase at both FEV1 and FVC values at the same

that estrogen, progesterone and testosterone affect

time. According to these findings, as the PCOS group

respiratory functions and effects of progesterone on

and control group did not have bronchial obstruction

respiration. As an example, progesterone reduces

at the beginning, there might be no real correction

pulmonary inflammation, improves lung function,

of bronchial obstruction with progesteron therapy,

repairs the damaged lung epithelium, and promotes

Nonetheless, the difference between pre-treatment

faster recovery following influenza A virus infection.

and post-treatment FEV1 and FVC values of PCOS

Progesterone

patients should be based on the overall increase

outcome from influenza by inducing production

of lung volumes and capacity after progesterone

of the epidermal growth factor, amphiregulin, by

treatment. Many studies in the literature report that

respiratory epithelial cells (16). Hyperventilation

women with PCOS are prone to respiratory problems.

status during pregnancy is associated with increased

However, the mechanisms underlying such disorders

progesterone levels. The findings of the Slatkovska

remain unclear. Premenopausal women have been

et al. study support the hypothesis that phasic

reported to experience drops in peak flow and

menstrual cycle changes in resting minute ventilation

worsening of asthma symptoms before and during

and PaCO2 may be due to the stimulatory effects of

menses, often experiencing relief after the onset

progsterone, estradiol and the strong ion difference

of progesterone therapy (13). Moreover, in a study

on ventilatory drive. In the luteal phase where the

conducted with hormone replacement therapy (HRT),

progesterone level is elevated, hyperventilation

mean values of FEV1 and FVC were significantly higher

and decreased ETCO2 have been shown (17). Some

among current HRT users than noncurrent users in

studies investigated the effect of progesterone

the entire population of women and among women

on ventilation. Bayliss and Millhorn showed that a

without asthma, former smokers, and never smokers

progesterone receptor agonist, R5020, causes an

(14). Our findings are also compatible with that,

increase in respiratory frequency. They revealed that

we found PFT values increased with progesterone

respiratory response to progesterone is mediated at

therapy.

hypothalamic sites through an estrogen dependent

However, Ucok et al suggest that there were no
significant differences in the pulmonary function tests
between women with PCOS and healthy controls.
Negative correlations between the pulmonary function
tests and anthropometric measurements observed in
healthy controls are absent in PCOS women and this
may indicate a disruption of relationship between
the upper body anthropometry and respiratory
function. Their results suggest that the upper body
anthropometry and respiratory function relations
might have impaired in patients with PCOS and this
situation might support the increased tendency for
poor health status in patients with PCOS (15). It

20
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causes

protection

against

severe

progesterone receptor mediated mechanism requiring
RNA and protein synthesis. The estrogen dependence
of the respiratory response to progesterone is likely
a consequence of the demonstrated induction of
progesterone receptor mRNA and progesterone
receptor in hypothalamic neurons by estrogen. In
short, neural mechanisms underlying the stimulation
of respiration by progesterone were similar to
those mediating its reproductive effects (18). It
has not been fully explained by which mechanisms
the progesterone stimulates the respiration. There
is upregulation of progesterone receptors in the
brain and spinal cord after estrogen exposure in
both men and females (19,20). Based on the lesion
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studies, Feldman et al suggested that the respiratory

progesterone has been shown to increase these

stimulant effect of progesterone is due to stimulation

values. However, studies should continue to show

of progesterone receptors in the hypothalamus

which mechanisms these hormones have affected. A

after estrogen action (21). As our result; although

better understanding of the effects of sex hormones

the pulmonary function of PCOS patients is not

on respiration may lead to the application of hormone

different from that of the healthy female population,

therapies in respiratory problems.

REFERENCES
1. Graupp M, Wehr E, Schweighofer N, Pieber TR,
Obermayer-Pietsch B. Association of genetic
variants in the two isoforms of 5alpha-reductase,
SRD5A1 and SRD5A2, in lean patients with
polycystic ovary syndrome. Eur J Obstet Gynecol
Reprod Biol. 2011;157:175–179.

2. Goodarzi, M.O, Dumesic, DA, Chazenbalk, G,

Azziz, R. Polycystic ovary syndrome: etiology,
pathogenesis and diagnosis. Nat. Rev. Endocrinol.
2011;7:219–231.

3. Vgontzas AN, Legro RS, Bixler EO, Grayev A,

Kales A, Chrousos GP. Polycystic ovary syndrome
is associated with obstructive sleep apnea and
daytime sleepiness: role of insulin resistance. J
Clin Endocrinol Metab 2001; 86:517.

4. Chatterjee B, Suri J, Suri JC, Mittal P, Adhikari T.

Impact of sleep-disordered breathing on metabolic
dysfunctions in patients with polycystic ovary
syndrome. Sleep Med. 2014;15 (12), 1547–1553.

5. Zierau L, Gade EJ, Lindenberg S, Backer V, Thomsen

SF. Coexistence of asthma and polycystic ovary
syndrome: A concise review. Respiratory medicine.
2016 Oct;119:155-9. PubMed PMID: 27692138.
Epub 2016/10/04. eng.

6. Hart R, Doherty DA. The potential implications of a

PCOS diagnosis on a woman’s long-term health using
data linkage. The Journal of clinical endocrinology
and metabolism. 2015 Mar;100(3):911-9. PubMed
PMID: 25532045. Epub 2014/12/23. eng.

7. Boukari R, Marcouiller F, Joseph V. Relative

Contribution
of
Nuclear
and
Membrane
Progesterone Receptors in Respiratory Control. Adv
Exp Med Biol. 2015;860:261-7. doi: 10.1007/978-3319-18440-1_30.

8. F.G. Real, C. Svanes, E.R. Omenaas, J.M. Ant o,

E. Plana, C. Janson, D. Jarvis, et al. Menstrual
irregularity and asthma and lung function. J.
Allergy Clin. Immunol. 120 (2007) 557e564.

9. Rotterdam ESHRE/ASRM Sponsored PCOS Consensus

Workshop Group. Revised 2003 consensus on
diagnostic criteria and long-term health risks
related to polycystic ovary syndrome. Fertil Steril.
2004;81:19–25.

10. Wanger J, Clausen JL, Coates A, Pedersen OF,

Brusasco V, Burgos F, et al. Standardisation of
the measurement of lung volumes. Eur Respir J
2005;26:511–522.

11. Ke RW. Endocrine basis for recurrent pregnancy loss.
Obstet Gynecol Clin North Am. 2014 Mar;41(1):10312. doi: 10.1016/j.ogc.2013.10.003.

12. Ucok K, Akkaya M, Genc A, Akcer S, Gonul

Y, Cosar E, et al. Assessment of pulmonary
functions and anthropometric measurements
in women with polycystic ovary syndrome.
Gynecological endocrinology : the official journal
of the International Society of Gynecological
Endocrinology. 2010 Nov;26(11):827-32. PubMed
PMID: 20486876. Epub 2010/05/22. eng.

Turk Hij Den Biyol Derg

21

PULMONARY FUNCTIONS AT PCOS

Cilt 76  2019

13. Benyon HLC, Garbett ND, Barnes PJ. Severe

premenstrual exacerbations of asthma: effect of
intramuscular progesterone. Lancet 1988;370–372.

14. 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 Feb;163(2):423-8.
PubMed PMID: 11179117. Epub 2001/02/17. eng.

15. Ucok K, Akkaya M, Genc A, Akcer S, Gonul Y, Cosar
E, et al. Assessment of pulmonary functions and
anthropometric measurements in women with
polycystic ovary syndrome. Gynecol Endocrinol.
2010 Nov;26(11):827-32.

16. Hall OJ, Limjunyawong N, Vermillion MS, Robinson

DP, Wohlgemuth N, Pekosz A, et al. ProgesteroneBased Therapy Protects Against Influenza by
Promoting Lung Repair and Recovery in Females.
PLoS Pathog 2016; 12(9): e1005840. doi:10.1371/
journal.ppat.1005840.

17. Slatkovska L, Jensen D, Davies GA, Wolfe LA. Phasic

menstrual cycle effects on the control of breathing
in healthy women. Respir. Physiol. Neurobiol.
2006;154:379–388.

22

Turk Hij Den Biyol Derg

18. Bayliss

DA, Millhorn DE. Central neural
mechanisms of progesterone action: application
to the respiratory system. J. Appl. Physiol.
1992;73(2):393–404.

19. Tatsumi K, Mikami M, Kuriyama T, Fukuds Y.
Respiratory stimulation by female hormones in
awake male rats. J Appl Physiol. 1991;71:37–42.

20. Monks DA, Arciszewska G, Watson NV. Estrogeninducible progesterone receptors in the rat lumbar
spinal cord: regulation by ovarian steroids and
fluctuation across the estrous cycle. Horm Behav.
2001;40:490–496.

21. Feldman JL, McCrimmon DR. Neural Control of
Breathing. In: Squire LR, Bloom FE, McConnell
SK, Roberts JL, Spitzer NC, Zigmond MJ, editors.
Fundamental Neuroscience. 2nd ed. San Diego:
Elsevier, Academic Press; 2003. pp. 967–990.

