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Abstract: Volume and timing components of resting ventilation were
measured serially in 40 women aged 18 to 36 yr, during menstrual, follicular
and luteal phases of menstrual cycle. Resting minute ventilation (VE) was
significantly higher (P<O.OOl) in luteal phase than in menstrual and
follicular phases; in the two latter phases VE was almost equal. This
increment in V

E
during the luteal phase was due to a significant rise

(P<O.OOl) in tidal volume (VT ). Respiratory frequency (D was unchanged
throughout the cycle. Although there was a mean increases in inspiratory
time (T,) during the luteal phase compared to the other two phases, the
difference did not reach statistical significance. Duty cycle, T,f T

LoL
, was

also unchanged throughout menstrual cycle. However, mean inspiratory

f1ow, VI T" was significantly higher (P<O.05 and P<O.Ol) during luteal
phase as compared to that during menstrual or follicular phases
respectively. Pulmonary mechanics, as measured by forced vital capacity
(FVC), forced expiratory volume in one second (FEV,) and forced mid

expiratory f10w rate (FEF2"~.75"')' were within normal limits and remained
unaltered during the menstrual cycle. Therefore, in the absence of
alteration of pulmonary mechanics, the luteal increase in ventilation and
inspiratory flow suggests a possible role for progesterone in stimulating
the respiratory drive, either centrally or through the peripheral
chemoreceptors or by both.
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INTRODUCTION

It has been reported that
hyperventilation and increase in oxygen
consumption occur during the luteal phase
of menstrual cycle and that if pregnancy
occurs, the respiratory stimulation
continues throughout gestation 0, 2).
Probably progesterone plays a key role in

pulmonary ventilation
progesterone

the phenomenon. It is also reported that
the tendency for central apnea and
hypopnea is reduced during pregnancy and
that could be due to increased progesterone
levels (3). However, the mechanism through
which endogenous progesterone acts as
ventilatory stimulus is not confirmed (4).
Therefore, the present study of timing and
depth of breathing, which influence
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ventilation, was undertaken to observe
whether these indicators alter with the
phases of menstrual cycle, particularly
during luteal phase when the progesterone
level is normally high.

METHODS

Forty healthy female volunteers, 18-36
years of age, were studied throughout their
menstrual cycle. They were not taking any
contraceptive medication either before or
during the study. Their age, height and
weight (mean ± SD) were 22.6 ± 4.21 yr,
159.5 ± 4.22 em and 50.8 ± 4.71 kg
respectively. The selection of the subjects
was based on fairly normal and regular
menstrual history (28 ± 2 days cycle).
Determination criteria of different phases
of menstrual cycle have been described
earlier 0). In brief, the period of ovulation
was judged from daily basal oral
temperature. Menstrual phase was based on
the subject's statement. Ventilation recorded
after 3-4 days of cessation of the bleeding,
on 8th-12th day of the cycle, has been taken
as representative for the follicular phase
and that recorded on 20th-24th day of the
cycle was taken to be the data for luteal
phase.

A closed circuit apparatus, Expirograph
(Godart, Holland), containing C02 absorber
was used for measuring ventilation.
Emotional and physiological distress were
avoided by allowing a few trials of mouth
breathing through the apparatus with the
nose clipped before the day of actual test.
The experiment was carried out under
almost similar environmental conditions at
the basal state in morning hours. After 15
minutes rest on the actual test day, each
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subject was studied in sitting position. After
the steady state of ventilation measured at
slow paper speed (60 mm/min), for the
duration of 10 minutes, the timing and
volume for both inspiration and expiration
were measured at high paper speed
(1200 mm/min) at least for 10 respiratory
cycles. The procedure was repeated on the
next consecutive day. To minimize the effect
of training, if at all, the subjects were
randomly allocated to be studied first in any
of the three phases. At the end of 10 min
period of quiet breathing after the first
experiment, the forced vital capacity (FVC),
forced expiratory volume in first second
(FEV) and forced midexpiratory flow rate
(FEF 257.-7;;r,1) were recorded in standing
posibon in each phase using the same
instrument after some modifications.

We have measured minute ventilation
(V (';) not only in terms of its classical
components, tidal volume (VT) and breathing
frequency (f) from the slow expirogram, but
also in relation to the duration of inspiration
(T

j
) and the mean inspiratory flow (VT/T,)

as measured from the record taken at high
paper (20 mm/sec) :

VE = VT X f = V.fI'r x T/I'tot X 60 lImin (5, 6).

where Ttot is the average duration of each
breath (60/f, s) and T/Ttot ' i.e. the proportion
of each breath spent on inspiration, is
termed as the inspiratory duty ratio (5, 6).
All the volumes were expressed in terms of
body temperature, pressure and saturated
with water vapour (BTPS).

The values of respiratory timings and
flows were averaged from minimum of 10
respiratory cycles for each phase. Outcome
was expressed as mean ± SD. The subjects
acted as their own controls; the differences
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in paired values were used for determining
the statistical significance by Fisher test.
The alpha error for a significant test was
set at 5% level.

RESULTS

The minute ventilation with its different
components, timing and depth, and

pulmonary mechanics during different
phases of menstrual cycle are presented in
Table 1. Vfo: increased significantly (P<O.Ol)
in luteal phase compared to both menstrual
and follicular phases. The increase was
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Pulmonary mechanics as measured by

FVC, FEV I and FEF~;;"_7;;'/' (Table I) were
within normal limits and remained
unaltered during different phases of
menstrual cycle.

The basal oral temperature (OF) recorded
during luteal phase (98.46 ± 0.26) was
significantly higher (P<O.OOl) than that
during either menstrual (97.71 ± 0.53) or
follicular (97.76 ± 0.41) phase. The increase
in basal body temperature during luteal
phase in each subject indicates that the
cycles were ovulatory.

TABLE I: Pulnonary ventilation ami mechanics during menstrual cycle (n = 40).

Ventialtion

f,lmill
VT mL
V~, LlminT;: S
T/T,,,,,
V/Tr' Lis

Mechanics

FVC, L
FEV" L
FEV""'_7;" LIs

!vIenstrual phase

17.70±6.07
581±196

9.76±3.76
1.67±0.86
0.43±0.05
0.37 ±O 14

2.7:l±0.40
2.40±0.31
3.01±070

Follicualr phase

18.00±6.60
591±213

9.79±264
1. 70± 0.85
0.44±006
0.36±0.10

2.68±O.32
2.38±0.31
3.04±0.64

Luteal ph ase

17.10±6.22
697±220**

10.88±285~

1.83±1.10
0.43±O.04
0.4l±0.10·

2.70±0.34
2.41±0.28
3.08±0.70

Data are presented as mean ± 3D. +P<0.05, *P<0.01, "P<O.OOl compared with the values of menstrual and
follicular phases.

almost 12 percent. This increment in VI' was
basically due to significant (P<O.OOll rise
in VT . The f remained unchanged, as derived
from Trot' Although there was an incpase
in T I noted during the luteal phase, the
difference did not reach statistical
significance. Duty cycle, T/Tt'i' was also
unchanged. Mean inspiratory Cow, V/TI'
was significantly increased in lut al phas·'
as compared to that in m nstrual and
follicular phases (P<0.05 and P<O.Ol
respecti vely).

DISCUSSION

Normal ventilation is a complex process
involving several interactions. Behavioural,
chemical and central neuromuscular drives
influence breathing profoundly. The altered
state of breathing during menstrual cycle
probably involves all or ny such
mechanisms. Earlier studies indi ate, that
hyp(~rventilation eluring lut al phase of
menstrual cycle and during pregnancy are
associated with increased progesterone
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concentration 0, 2). Further, administration
of progesterone to normal men and
post menopausal women produces
hyperventilation (7, 8). Progesterone has
also been used for treating hypoventilating
patients (9, 10). In this study, significant
increase (P<O.OI) in minute ventilation was
noted during luteal phase compared to both
menstrual and follicular phases. Ventilation
during the two latter phases was almost
equal. Hyperventilation during the luteal
phase was significantly rise in VT only,
without any appreciable change in
respiratory rate. Inspiratory time did not
change significantly, although a gradual
increase from menstrual to luteal phase was
noted. Therefore, the larger VTwas due to
an increase in inspiratory flow, V/T I. The
variables, VT/T

j
and T/T tot have been

interpreted as drive and timing components
of ventilation which may be independently
controlled (11). The central inspiratory
neural drive can be assessed by
measurement of V/T lor by mouth occlusion
pressure (POI)' which is the inspiratory
pressure generated at the end of 0.1 sec
after the beginning of inspiratory efforts.
The V/T I are dependent on, and affected
by, changes in pulmonary mechanics,
whereas POI is independent of the
mechanical properties of respiratory system
(2). Although we have not measured POI'
our observation of FVC, FEV I, and FEF 2;'1.

75'/' in the same subjects during each phase
reflect the unchanged mechanical properties
of lungs during the menstrual cycle. FEV I
in faet is the measure of flow rate during
the fii'S t s eco nd of forced expi ra tory
spirography. It includes sufficient flows at
lower lung volumes to reflect the small
airway patency in addition to large airway
changes. Thus increase in inspiratory flow
(ViT I) during luteal phase, without any
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alteration is pulmonary mechanics, mainly
indicates an augmented central ventilatory
drive, although the role of peripheral
chemoreceptor can not be entirely ruled out.
However, evidences suggest that both lutel
phase of menstrual cycled and pregnancy
are associated with central ventilatory drive
as indicated by increase in mouth occlusion
pressure (4,13). In this study effective time

ratio or duty cycle, T /Ttot ' was essentially
unchanged. This indicates that inspiratory
muscle activity probably did not alter during
the menstrual cycle. Present observation
supports earlier findings of unchanged
effective time ratio and respiratory muscle
strength during menstrual cycle (14).

Increase in brain adrenergic receptors
during pregnancy is associated with
behavioural changes which can modify
ventilation (15). Recently it has been
reported that luteal phase of menstrual

cycle is also associated with increased
adrenoreceptor density (16). However, to
assess respiratory control at its most
physiological and with least interference
from behavioural influences, the emphasis
has shifted away from stimulation by
hypercapnia and hypoxaemia to more
detailed analysis of resting breathing (17).
The usual causes of hyperventilation
associated with disease are absent as our

all subjects were healthy. Probably there
was not even an enlargement of dead space,

which can influence ventilation, as the
ventilation was augmented mainly by tidal
volume rather than respiratory rate. This
hyperventilation could be attributed to
progesterone, as it was observed only during
the luteal phase of menstrual cycle. Further,
several evidences suggest that
administration of progesterone to
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volunteers, both male and female, and to
patients with alveolar hypoventilation
syndrome, increases ventilation 00,18). The
sits of action of progesterone is thought to
be either the respiratory center or
peripheral chemoreceptors, or a combination
of both. There may be a threshold to pC02
and hence an increase in peripheral
chemoreceptor sensitivity (4,19). The central
chemoreceptor stimulation has an important
influence on cholinergic outflow of the
airways (20). It may cause reflex increase
in ventilation and hypocarbia III
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spontaneously breathing subjects with
hypoxic bronchoconstriction (21).

In conclusion, our finding in healthy
subjects demonstrate that hyperventilation
during luteal phase is associated with an
increase in inspiratory flow without any
alteration in pulmonary mechanics. This
study also suggests the possible mechanism
of decrease in carbon dioxide tension in
blood after hyperventilation induced by
synthetic progesterone in patients with
obstructive pulmonary disease (22).
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