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ABSTRACT: Natural progesterone, a potent respiratory stimulant, stimulates leptin
production in premenopausal females. Leptin and its counterpart neuropeptide Y (NPY)
have recently been linked with respiration. The effect of medroxyprogesterone acetate
(MPA) on arterial blood gases, serum leptin and NPY was evaluated in this study.
Fourteen postmenopausal females with respiratory impairment, due mostly to chronic

obstructive pulmonary disease, were recruited for a randomised, double-blind, placebo-
controlled crossover trial. Arterial blood gases, serum leptin and NPY concentrations
were measured at baseline and after 14 days of treatment with placebo and MPA,
separated by a 6-week washout period.
Thirteen patients completed the trial. The mean¡SD carbon dioxide tension in

arterial blood (Pa,CO2) was 5.4¡0.6 kPa at baseline, and decreased by 0.8¡0.3 kPa
during treatment with MPA. The oxygen tension in arterial blood (Pa,O2) and pH did
not change. At baseline, the mean base excess was 0.6¡1.9 mmol?L-1 and the mean
bicarbonate (HCO3

-) concentration was 25.1¡1.6 mmol?L-1. With MPA, base excess
decreased by 2.2¡1.2 mmol?L-1 and HCO3

- by 1.9¡1.0 mmol?L-1 from baseline. The
mean concentrations of serum leptin (19.8¡9.9 mg?L-1 at baseline, 19.7¡9.8 mg?L-1 with
MPA) or NPY (94.0¡18.3 pmol?L-1 at baseline, 85.1¡41.2 pmol?L-1 with MPA) did
not change. However, the reduction in Pa,CO2 correlated with the reduction of serum
leptin concentration.
Medroxyprogesterone acetate effectively decreased the carbon dioxide tension in

postmenopausal females with chronic respiratory impairment. The results suggest that a
decrease in the carbon dioxide tension of o0.9 kPa is necessary for a reduction in
serum leptin concentration.
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Breathing is regulated through voluntary (cortex)
and involuntary (emotional, metabolic, neural and
endocrine components) control mechanisms. Fur-
thermore, the endocrine and nervous systems have
complex interactions. Although some endocrine links
with breathing are well established, a comprehensive
understanding of the interactions of hormones and
breathing is lacking.

Leptin and neuropeptide Y (NPY) regulate food
intake, but are also involved in other functions. Recent
data suggests that leptin may increase ventilation [1],
whereas NPY has the opposite effect [2, 3]. Leptin
inhibits NPY expression [4]. In premenopausal females,
natural progesterone stimulates leptin release [5, 6].

Postmenopausal females have lower leptin levels
[7, 8] and higher NPY levels [9] than premenopausal
females. After the menopause, females frequently gain
weight. They also have an increased prevalence of
sleep-disordered breathing [10]. This increase has been
attributed to the decline in serum progesterone con-
centrations, since progesterone is a potent respiratory
stimulant. Alterations in serum leptin levels have also
been linked with alterations in female hormone
concentrations, i.e. progesterone [11].

Progestins are frequently used as a part of post-
menopausal hormone replacement therapy. A syn-
thetic progesterone derivative, medroxyprogesterone
acetate (MPA), effectively stimulates breathing in
postmenopausal females [12] and produces some
improvement in sleep-disordered breathing in such
individuals [13, 14]. The exact mechanisms through
which progestins stimulate breathing are not known.
MPA is considered to be a central respiratory sti-
mulant [15] but there is also evidence for peripheral
action [16]. MPA induces complex endocrine altera-
tions, which seem to be associated with breathing [17].
The effect of plain progestin therapy on leptin or NPY
levels is not known. The effects of short-term treat-
ment MPA on arterial blood gases, serum leptin and
NPY levels in postmenopausal females with respira-
tory impairment were investigated in this study.

Subjects

Fourteen postmenopausal females with constant or
episodic hypercapnic or hypoxaemic respiratory impair-
ment were recruited for the trial. Their respiratory
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impairment was due to chronic obstructive pulmonary
disease (COPD) (n=11), end-stage asthma or late sequelae
of pulmonary tuberculosis. Their mean age¡SD was
68.1¡7.9 yrs and their mean body mass index (BMI)
26.6¡6.1 kg?m-2. The postmenopausal state was con-
firmed by measurement of serum follicle stimulating
hormone (FSH) concentration over 30 IU?L-1.

The subjects were strictly requested not to use any
medication affecting the central nervous system, alter-
native therapy or any hormone replacement therapy
except the study drugs. Subjects using long-term
oxygen therapy, with cancer, psychiatric, neurolo-
gical, thromboembolic or hepatic diseases, renal
failure, unstable hypertension, severe rheumatoid
arthritis, insulin-dependent diabetes or severe hyper-
lipidaemia (total serum cholesterol w9.5 mmol?L-1 or
serum triglycerides w2.5 mmol?L-1) were excluded.
One subject who smoked less than five cigarettes per
day was advised not to smoke during the 9 h
preceding each study visit. All other subjects were
current nonsmokers.

Methods

The study followed a double-blind randomised
placebo-controlled crossover design and included three
visits (fig. 1). There was a 6-week washout period
between the 2-week placebo and MPA treatment
periods. The choice of a 6-week washout period was
based on a previous study, where, in a slightly younger
postmenopausal female population, 6 weeks were

needed for all the measured variables to return to
baseline after cessation of MPA [12]. The same visit
protocol was followed at baseline, after a 2-week
placebo and a 2-week MPA (60 mg?day-1) period
(Lutopolar1; Orion Pharma, Espoo, Finland). The
placebo tablets were identical in appearance to the
MPA tablets and were provided by the same manu-
facturer. The visit protocol included measurements
of weight, arterial blood gases, serum concentrations
of leptin, NPY and alanine aminotransferase, blood
haemoglobin and flow volume spirometry (VMAX
22D; Sensor Medics, Boulder, CO, USA). The sub-
jects had at least a 15-min rest period in the sitting
position before the blood samples were obtained after
overnight fasting. Subjects kept a diary of their symp-
toms and possible adverse events for the 14 days prior
to each visit.

The blood samples were drawn at 07:00 h and flow-
volume spirometry was measured within a 1-h period
proceeding this. Arterial blood samples were obtained
from a single arterial puncture in the patients in
the sitting position, and were analysed immediately
using a blood-gas analyser (Ciba-Corning 8651; Ciba
corning, Sudbury, UK). Serum concentrations of FSH
were measured by time-resolved immunofluorometric
assay (Autodelfia1; Wallac, Turku, Finland), alanine
aminotransferase by enzymatic methods (Hitachi
7171; Hitachi, Tokyo, Japan), and haemoglobin
concentration by an appropriate laboratory device
(Coulter STKR1; Coulter Corp, Hialeah, FL, USA).
For serum leptin and NPY measurements, serum was
separated immediately after blood sampling and kept
frozen at -70uC until analysed. Serum leptin was mea-
sured using a human leptin radioimmunoassay (RIA)
kit (Linco Research Inc., St Charles, MO, USA).
Serum NPY was measured by Euria-NPY1 RIA kit
(Euro-Diagnostica AB, Malmö, Sweden). Compliance
was assessed by tablet counts and patient reviews.

All patients gave written informed consent. The
study protocol was approved by the Joint Commis-
sion on Ethics of Turku University and Turku Uni-
versity Central Hospital, and by the National Agency
for Medicines.

Statistical analyses

The results were analysed using statistical methods
developed for a crossover design of two treatments
and two periods [18]. First any carryover effect was
identified using analysis of variance of repeated mea-
surements according to JONES and KENWARD [18],
performed with the MIXED procedure. The testing
for a carryover effect evaluated whether there was any
residual effect of MPA on measured variables after
a 6-week washout. The period effect tested whether
the order of placebo and active drug had any effect
on the results. A pv0.1 was considered significant for
a carryover effect, whereas a pv0.05 was considered
significant for period and treatment effects. Distribu-
tion and variance for each parameter were tested. The
study sample was also analysed as a single placebo
controlled study, and paired comparisons of differ-
ences ((placebo–baseline) versus (MPA–baseline)) were

MPA 60 mg·days-1

2 weeks
Placebo
2 weeks

Patients
n=14

Randomisation

Group A
n=7
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n=7

Baseline (visit 1)Baseline (visit 1)

MPA (visit 2)Placebo (visit 2)

(Treatment
2 weeks)

(Washout
6 weeks

+ treatment
2 weeks) Placebo
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MPA 60 mg·days-1
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Placebo (visit 3)MPA (visit 3)

Fig. 1. – Flow diagram of the study. MPA: medroxyprogesterone
acetate.
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made. Depending on the distributions of differences
((placebo–baseline) and (MPA–baseline)), either a paired
t-test (in parametric cases) or Wilcoxon Signed-Rank
test (in nonparametric cases) were used. The correla-
tions for serum leptin and NPY levels with BMI and
arterial blood gases were tested at each of the three
time points (at baseline, with placebo and with MPA)
using Spearman9s or Pearson9s correlation coeffi-
cients, as applicable. The p-values were corrected
according to the Bonferroni principle. Correlations
between changes in serum leptin and NPY levels and
other parameters were tested using Spearman9s or
Pearson9s correlation coefficients, as applicable.

Results

Thirteen patients completed the study protocol.
One patient discontinued due to an exacerbation of
COPD. No carryover effect on the measured para-
meters was observed. A period effect was seen in the
carbon dioxide tension in arterial blood (Pa,CO2),
the values being higher during the second period. The
mean weight remained unchanged throughout the
study. At baseline the mean forced expiratory volume
in one second (FEV1) was 1.0¡0.5 L (44¡19% of pre-
dicted) and the mean forced vital capacity (FVC) was

1.7¡0.6 L (61¡23% pred). Both FEV1 and FVC
remained unchanged throughout the study. Blood
haemoglobin (baseline mean 137.8¡9.7 g?L-1) or serum
alanine aminotransferase (baseline mean 17.7¡
6.0 U?L-1) were within reference ranges and did not
change during the trial. No adverse drug effects were
observed or reported.

The mean Pa,CO2 was 5.4¡0.6 kPa at baseline and
decreased on average by 0.8¡0.3 kPa with MPA
(pv0.001). The mean oxygen tension in arterial blood
(Pa,CO2) was 1.3¡1.6 and did not change significantly
during the study period. At baseline, the mean pH
was 7.41¡0.03, the change with MPA (0.01¡0.03)
was not significant. At baseline, the mean base excess
(BE) was 0.6¡1.9 mmol?L-1 and the mean HCO3

-

was 25.1¡1.6 mmol?L-1. With MPA, BE decreased
by 2.2¡1.2 mmol?L-1 (pv0.0001) and HCO3

- by 1.9¡
1.0 mmol?L-1 from baseline (pv0.0001).

The mean concentrations of serum leptin (fig. 2) or
NPY (fig. 3) did not change. At baseline, mean serum
leptin concentration was 19.8¡9.9 mg?L-1. On MPA,
leptin was 19.7¡9.8 mg?L-1. At baseline, mean serum
NPY concentration was 94.0¡18.3 pmol?L-1. On MPA,
NPY was 85.1¡41.2 pmol?L-1.

When treated as a single-group placebo-controlled
trial, the level of significance further increased the
change in Pa,CO2 (p=0.0001), while that for Pa,O2
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remained nonsignificant (p=0.251). The p-values for
HCO3

- concentration and BE changes remained at the
same level of significance (pv0.0001). Changes for pH,
leptin and NPY did not reach significance. The cor-
relation between changes in serum leptin levels and
changes in Pa,CO2 was significant (r=0.60, p=0.031,
fig. 4). All other correlations between leptin or NPY
and arterial blood gases or BMI were nonsignificant.

Discussion

In postmenopausal females with respiratory impair-
ment, MPA effectively reduced Pa,CO2 levels. The
average Pa,CO2 decrease of 0.8 kPa was comparable to
that observed in a previous study by SAARESRANTA

et al. [12]. Although the average levels of serum leptin
did not change on MPA, there was a correlation
between the decrease in Pa,CO2 levels and decrease in
serum leptin levels. The results could be explained by a
dose-threshold effect, in which a decrease in Pa,CO2

o0.9 kPa is needed before serum leptin decreases
(fig. 4). Serum NPY levels were not affected by MPA
nor the Pa,CO2 response.

In obese mutant mice with leptin deficiency, leptin
infusion increased ventilation [1]. The effect of leptin
on ventilation was independent of weight, CO2 pro-
duction and food intake, suggesting a direct effect
of leptin on the central control of respiration. It was
hypothesised that MPA, while improving ventilation,
would increase serum leptin levels and decrease NPY,
partly having its effect on breathing via altering the
levels of these two hormones. However, the patients in
this study showed that the serum leptin levels did not
increase during MPA therapy although ventilation
did. This is in contrast with the previous observations
of increased leptin levels during states with simulta-
neously increased serum progesterone concentrations
and increased ventilation, e.g. during the luteal phase
of the menstrual cycle [5, 8, 11, 19, 20] or during
pregnancy [21]. Higher leptin levels have been

reported in premenopausal females compared with
postmenopausal [7, 8] although this finding has not
been confirmed by all studies in this field [22, 23].
Some authors have observed a positive correlation
between leptin and progesterone levels [5, 11, 20],
whereas others have not [21, 24].

Recent studies in obstructive sleep apnoea syn-
drome (OSAS) and obesity hypoventilation syndrome
support the present study. Obese hypercapnic patients
have higher fasting serum leptin levels than obese
eucapnic patients, and serum leptin more reliably pre-
dicts the presence of hypercapnia than the percentage
of body fat [25]. Serum leptin levels decrease with
nasal continuous positive airway pressure (CPAP)
treatment [26, 27] without changes in body weight
[27]. Because nasal CPAP treatment improves ventila-
tion and decreases CO2 levels [14], an association
between decreased leptin levels and decreased CO2

levels in these studies may be assumed, although
neither arterial, transcutaneous nor end-tidal CO2

levels were not measured.
The present study population was heterogeneous in

terms of hypercapnia and BMI. Four of the patients
had a BMIw30 kg?m-2 and four had a Pa,CO2o6.0 kPa,
one patient had both. This heterogeneity may have
influenced the results. Patients in previous studies
of the association between serum leptin levels and
breathing have been obese with OSAS or obesity
hyperventilation syndrome, and hyperleptinaemia has
been linked with possible obesity-related leptin resis-
tance [25–27]. Most of the patients in this study were
lean, and their weight remained stable during the
study.Therefore,thepositivecorrelationbetweenchanges
in serum leptin levels and Pa,CO2 levels was not related
to obesity nor to weight changes. Leptin levels, in the
patients in this study, were not high probably because
they were neither obese nor hypercapnic [25]. Both
leptin [1] and MPA are powerful respiratory stimu-
lants. When the upper airway is unloaded and the CO2

levels are decreased, with the help of nasal CPAP or
with a respiratory stimulant such as MPA (as in the
present study), lower leptin levels are no longer needed
to support ventilation.

The existence of states with increased serum leptin
and progesterone supports the association between
leptin and endogenously high progesterone concen-
trations. However, a synthetic progestin MPA was
used in this study, the effect of which on leptin may
differ from that of endogenous progesterone. In
ovariectomised females on progesterone plus oestra-
diol replacement therapy, progesterone increased
leptin secretion regardless of oestradiol concentration
[6]. In postmenopausal females, combined hormone
replacement therapy with continuous conjugated
oestrogens (0.625 mg?day-1) for 11 months and MPA
(5 mg?day-1 for 13 days every third month) had no
effect on serum leptin levels [28]. Addition of progeste-
rone (100 mg per vagina b.i.d.) to transdermal oestrogen
therapy had no effect on serum leptin concen-
trations [29]. To the best of the authors9 knowledge
there have been no previous reports on the effect of
plain progestin therapy on leptin levels.

This study also found that serum NPY concentra-
tions did not change during MPA therapy. NPY levels
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increase during pregnancy [30] and during the meno-
pause [9]. These findings suggest that NPY is unrelated
to serum progesterone concentrations, although corre-
lations between progesterone and NPY levels were not
evaluated. In animal studies, the respiratory rate
decreased after central administration of NPY [2].
The role of NPY in human control of breathing is not
established, but some data suggest that it might play a
role. A post mortem study in 19 patients showed that
those with very high NPY levels in the infundibular
nucleus had suffered from respiratory failure for at
least 10 days before death, whereas patients with low
levels of NPY had died either within 2 days of the
onset of cardiorespiratory disorders or of unrelated
causes [31]. The effect of progestin therapy on NPY
concentrations has not been elucidated previously.
Although the results from this study showed no
significant effect of MPA on serum NPY levels, there
is a high risk of a type II error due to the small sample
size and high variability in the levels of serum NPY.
Therefore, the possibility that MPA would have an
effect on serum NPY levels cannot be excluded.

Short-term progestin therapy effectively improved
ventilation and decreased the carbon dioxide tension
in arterial blood in postmenopausal females with
chronic respiratory impairment. Although medroxy-
progesterone acetate did not alter serum leptin or
neuropeptide Y levels, the decrease in the carbon
dioxide tension in arterial blood was associated with a
decrease in serum leptin levels. Unfortunately, the
present study was underpowered to observe changes
in serum neuropeptide Y. The present observations
support an association of leptin with the control
of breathing in human subjects. Whether the changes
in leptin concentration observed in the present study,
are secondary to the changes in the carbon dioxide
tension in arterial blood or contribute actively to
respiratory stimulation during hypercapnia remains to
be elucidated.
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