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Symptoms of premenstrual syndrome may be caused
by hyperventilation
Helmut W. Ott, M.D., Verena Mattle, M.D., Ulrich S. Zimmermann, M.D.,� Peter Licht, M.D.,
Kay Moeller, M.D., and Ludwig Wildt, M.D.

Clinical Division of Gynecological Endocrinology and Reproductive Medicine, Medical University of Innsbruck, Innsbruck,
Austria

Objective: To determine whether women with premenstrual syndrome (PMS) differ from healthy women in the
extent of hyperventilation during the luteal phase of the cycle.
Design: Case report.
Setting: Medical university.
Patient(s): Three reproductive-age women with severe symptoms of PMS in whom dramatic decline in end-tidal
PCO2 (PETCO2) occurred during the luteal phase of the cycle.
Intervention(s): Measurements of PETCO2, administration of GnRH agonist triptorelin.
Main Outcome Measure(s): PETCO2 was determined daily by sidestream capnometry.
Result(s): The decline in PETCO2 in women with PMS was 12–18 mm Hg, on the average. This was significantly
more pronounced than the decline of PETCO2 that was observed in healthy women. With the decline of PETCO2 the
symptoms of PMS appeared. Symptoms disappeared at the end of the luteal phase when PETCO2 was increasing
again. During treatment with the GnRH agonist, PETCO2 did not decline, and all women were free of symptoms.
Conclusion(s): The symptoms of PMS observed in our patients were associated with a pronounced decline of
PETCO2 that occurred during the luteal phase of the cycle. Because the symptoms were similar to symptoms
observed in the chronic hyperventilation syndrome it is suggested that some symptoms of PMS may be caused
by chronic hyperventilation. It appears that in women with PMS the sensitivity of the respiratory center to CO2

is increased more than normal by P or some other secretory product of the corpus luteum, resulting in pronounced
hyperventilation with the associated clinical signs and symptoms of a chronic hyperventilation syndrome. (Fertil
Steril� 2006;86:1001.e17–9. ©2006 by American Society for Reproductive Medicine.)
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he premenstrual syndrome (PMS) is a cyclic recurrent
isorder defined by the presence of symptoms during the
uteal phase and their absence during the follicular phase of
he menstrual cycle. More than 150 symptoms have been
eported in the literature with a severity ranging from min-
mal physical complaints to severe depression. The etiology
f PMS is unknown, with the notable exception that the
anifestation of symptoms appears to be dependent on the

resence of a corpus luteum.

Although it has been known for more than 100 years that
omen hyperventilate during the second half of the men-

trual cycle, hormonally induced changes in the control of
espiration have so far not been considered as part of the
tiology of PMS. However, symptoms of the chronic hyper-
entilation syndrome are remarkably similar to the symp-
oms observed in some women with PMS. This prompted us
o examine whether women with PMS differ from healthy
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omen in the extent of hyperventilation during the luteal
hase of the cycle.

We here report observations in three women with severe
ymptoms of PMS in whom dramatic decline in end-tidal
end-expiratory) PCO2 occurred during the luteal phase of the
ycle that by far exceeded that observed during the luteal
hase in healthy women. We therefore propose that at least
n some women with PMS the disease may be caused by an
xaggerated hyperventilation and that respiratory control
echanisms may be involved in the pathogenesis of the
MS.

ATERIALS AND METHODS
hree women 32, 35, and 38 years of age presented at our
utpatient clinic with extremely severe symptoms of PMS.
he study was approved by the Institutional Ethics Commit-

ee, and all patients were observed after informed consent
as obtained. All were married and had borne at least one

hild after uneventful pregnancies. They had a history of
ormal menstrual cycles with no indication for dysmenor-
hea or hypermenorrhea, and there was no history of psy-
hiatric illness.

The physical and gynecologic examination did not reveal

ny pathologic conditions. Body mass index was normal.
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he menstrual cycles were ovulatory, as assessed from re-
eated determinations of P in serum during several control
ycles. Blood tests revealed normal calcium and magne-
ium concentrations and normal levels of LH, FSH, PRL,
, DHEAS, and sex hormone-binding globulin in blood
amples collected between days 3 and 7 of the menstrual
ycle.

The symptoms reported by the patients fulfilled the re-
earch criteria for premenstrual dysphoric disorder of the
ext revision of the Diagnostic and Statistical Manual of

ental Disorders (fourth edition) (DSM-IV, American Psy-
hiatric Association). They had appeared 4–6 years earlier
nd were present during the luteal phase of the majority of
he menstrual cycles. In addition to depressed mood and
ffective lability, they included irritability, tension, nervous-
ess, paresthesia, bloated abdomen, a feeling “like walking
n clouds,” a feeling of freezing, dizziness, agitation, and
ometimes involuntary twitching of the muscles of the legs,
rms, and face, mainly during the night.

After the patients completed a detailed questionnaire, four
ain symptoms were identified with the Premenstrual Syn-

rome Tension Observer and Self-Rating Scale (PMTS-O/
R) together with the Visual Analogue Scale for Premen-
trual Disorders (VAS-PmS) (1). The women were asked to
ssess the severity of the symptoms daily on a scale from 0
o 6 ( 0 � no symptoms, 6 � severe symptoms) and to record
t daily for one control cycle; ratings on the PMTS-O/SR and
AS-PmS especially were documented 2 days before the
enstrual cycle and 9 days after the menstrual cycle (1).
lood samples for the determination of LH, E2, and P by

pecific immunoassays (DPC Biermann, Bad Nauheim,
ermany) were taken 2– 4 days apart, and the end-tidal
CO2 (PETCO2) was determined daily by sidestream cap-
ometry with nondispersive, near-infrared absorptiometry
t 426 nm and use of an instrument equipped with a nasal
annula (Weinmann, Hamburg, Germany) for collecting
he air samples.

The results of the measurement were not revealed to the
atients until the end of the control and treatment cycles.
fter the control cycle, a long-acting GnRH agonist, trip-

orelin (Decapeptyl-Depot; Ferring Arzneimittel, Kiel, Ger-
any) was administered IM, and blood sampling, recording

f symptoms, and determination of PETCO2 were continued as
uring the control cycle.

ESULTS
he results of one typical cycle are shown in Figure 1.
nd-tidal PCO2 was in the normal range during the follicular
hase, 40–42 mm Hg, and started to decline at the time
hen serum E2 started to increase. During the luteal phase,
ETCO2 did decrease to values between 20 and 28 mm Hg
Fig. 1). However, although the decline of PETCO2 in healthy
omen does not exceed 4–6 mm Hg during the luteal phase,
s shown by the shaded area in the lower panel of Figure 1 s

1001.e18 Ott et al. Premenstrual syndrome and respiration
nd in the control bar of Figure 2, the decline in PETCO2 in
omen with PMS was 12–18 mm Hg on the average (Fig. 2).
ith the decline of PETCO2 the symptoms of PMS appeared.

ymptoms disappeared at the end of the luteal phase when
ETCO2 increased again to follicular phase values.

During application of the GnRH agonist triptorelin
Decapeptyl-Depot; Ferring Arzneimittel), administered to sup-
ress ovarian function, E2 and P levels were low and PETCO2

emained stable at 40 mm Hg on the average. During this
reatment, all women were free of symptoms.

ISCUSSION
hat women hyperventilate during pregnancy and during the

FIGURE 1

Time course of LH, E2, P (upper panel), and end-
tidal PCO2 (etpCO2) (closed circles) and the score
of PMS symptoms (open bars) shown on the lower
panel during the menstrual cycle of a woman with
severe PMS. The etpCO2 (mean � SD) during
normal control cycles (n � 50) is depicted for
comparison as the shaded area on the lower
panel. Symptom score is the sum of the grades of
severity of three key symptoms assessed daily.
Grades for each symptom range from 1 (no
symptoms) to 6 (severe symptoms). Data are
normalized to the day of the LH surge as day 0.

Ott. Premenstrual syndrome and respiration. Fertil Steril 2006.
econd half of the menstrual cycle has been known since the
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eginning of the last century (2, 3). Döring was the first to
tudy systematically the time course of PETCO2 during the
enstrual cycle (4). He described a biphasic pattern with

ower values during the luteal phase than during the follic-
lar phase of the cycle. He also demonstrated that the luteal
ecline of PETCO2 could be mimicked by the administration
f P and E2, respectively (4). The most likely explanation for
his phenomenon is an increase in sensitivity of the respira-
ory center to the stimulatory action of CO2 resulting in
hanges of the set point for PETCO2, resulting in hyperventi-
ation. The time course of PETCO2 during the menstrual cycle
herefore appears to be determined by the changing levels of
varian steroids that act at the central nervous system and
nduce hyperventilation by sensitizing the neurons that con-

FIGURE 2

Mean � SD of the luteal decline of end-tidal PCO2

(etpCO2) in three patients with PMS compared
with the luteal decline in women without PMS
(Control). The bars indicate the difference between
the mean during the early follicular phase and the
mean during the luteal phase.

Ott. Premenstrual syndrome and respiration. Fertil Steril 2006.
rol respiration to the arterial CO2 pressure.

ertility and Sterility�
The results of this study support the view that the symp-
oms of PMS observed in our patients were caused, at least
n part, by the pronounced decline of PETCO2 that occurred
uring the luteal phase of the cycle. This view is based on the
bservation that some symptoms of PMS in these women
ere similar to symptoms observed in the chronic hyperven-

ilation syndrome and that they disappeared when the pre-
vulatory rise of E2 and the luteal increase of P were abol-
shed by treatment with the GnRH analogue.

It appears, therefore, that in women with PMS the
ensitivity of the respiratory center to CO2 is increased
ore than normal by P or some other secretory product of

he corpus luteum, resulting in pronounced hyperventila-
ion with the associated clinical signs and symptoms of a
hronic hyperventilation syndrome. The mechanisms that
ause sensitization of the respiratory center are not known.
owever, receptors for P have been demonstrated within

he medulla oblongata. Moreover, an increased sensitivity
gainst P not in all but in some regulatory systems as
ause of the PMS has been discussed before. It still has to
e explored whether exaggerated hyperventilation is com-
on to all women with PMS or whether it is present only

n a subgroup of women. This has to be clarified in further
tudies.

It is of considerable interest in this regard that the admin-
stration of serotonin-reuptake inhibitors that are effective in
meliorating the symptoms of PMS is followed by an in-
rease of PETCO2 (5). At any rate, because respiration can be
anipulated easily by a variety of techniques, including

espiratory or biofeedback training, it seems to be promising
o explore this phenomenon further to get insight into the
hysiopathology of PMS and to find better ways of treatment
t least for some women with this disorder.
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. Döring GK. Über Veränderungen der Atmung während des Cyclus. Arch
Gynäcol 1953;182:746–58.

. Henderson DR, Konkle DM, Mitchell GS. Effects of serotonin re-
uptake inhibition on ventilatory control in goats. Respir Physiol

1999;115:1–10.

1001.e19


	Symptoms of premenstrual syndrome may be caused by hyperventilation
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	Acknowledgment
	REFERENCES


