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Hormonal changes associated with menstrual cycle are known to affect different organ 
systems. Fluctuation in the ovarian hormones during different phases of menstrual cycle – 
menstrual, follicular, and luteal phases may affect the cardiovascular and respiratory function in 
young healthy women.  Seventy-five healthy Indian female subjects, 18-25 years old, from in and 
around Mangalore district were selected based on inclusion/exclusion criterion.  Blood pressure 
recording and lung function parameters like forced expiratory volume (FEV1), peak expiratory flow 
rate (PEFR), and forced vital capacity (FVC) were recorded by standard procedures during the 3 
different phases of menstrual cycle and repeated to a successive second time.  Blood pressure did 
not show any significant change during the different phases of menstrual cycle.  FEV1, PEFR, and 
FVC significantly increased (P<0.05) during the luteal phase.  This study suggests that arterial 
blood pressure does not significantly fluctuate during different phases of menstrual cycle whereas 
different lung function profiles significantly increase during the luteal phase in healthy young 
Indian women.  
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Menstrual cycle is an integral part of life in women.  There is widespread agreement about 
the hormonal changes that occur during the menstrual cycle, but studies on physical and 
psychological changes during different phases of menstrual cycle are more controversial.  The 
characteristic rhythmic changes in the rate of secretion of ovarian hormones produce corresponding 
changes in reproductive and other organ systems.  Though the effect of cyclical changes in 
hormonal secretion on reproductive system is well-known, that on other organ systems has not been 
well established.  Gonadal hormones affect hemostatic mechanisms regulating the cardiovascular 
system and cardiovascular changes during pregnancy are well documented (Gant et al., 1980).  The 
physiologic changes observed during the luteal phase of menstrual cycle are known to mimic early 
pregnancy (Chapman et al., 1990).  These include a marked decrease in total peripheral resistance 

and a significant decrease in mean arterial 
pressure in the mid luteal phase (Hassan et al., 
1990).  Dunne et al. (1991) reported a high 
blood pressure at the onset of menstrual phase 
compared to the other phases.  However, 
conflicting data reported the causative 
changes  in  blood  pressure during the normal 
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menstrual cycle (Greenberg et al., 1985).  Endogenous progesterone was hypothesized to have 
hypertensive effect, whereas estrogen administration was known to promote vasodilator action by 
increasing prostacyclin and nitric oxide synthesis (Chapman et al., 1990). 

A significant increase in minute ventilation in the luteal phase was observed when compared 
to the menstrual and follicular phases (Das et al., 1991).  This may be a result of increased oxygen 
consumption (Schoene et al., 1981) or due to thyroid hormone over activity during the luteal phase 
(Gulati et al., 1974).  Earlier studies indicate that an increase in progesterone secretion was a 
possible cause for the hyperventilation in the luteal phase (Rajesh et al., 2000).  There are many 
studies highlighting the changes in blood pressure and respiratory parameters and each report 
contradicts the data during different phases of menstruation.  Since most of the physiological 
changes observed in early pregnancy mimic the luteal phase, there might be some correlative 
changes possibly between the blood pressure and lung function parameters during menstrual cycle.  
Moreover there is no report about the cardiovascular and respiratory function in different phases of 
menstrual cycle among healthy Indian women.  Thus the objective of the present study is to 
elucidate a possible correlative changes in blood pressure and lung function during the different 
phases of menstrual cycle in healthy young Indian women.  
 
Materials and Methods 

In the present study, healthy female volunteers aged 18-25 years were selected.  Menstrual 
histories including regularity, associated dysmenorrhea, history of premenstrual symptoms like 
headache, irritability, edema, and age of menarche were collected for screening the subjects.  
Female subjects with irregular menstrual cycles, use of contraceptive pills, histories of 
hypertension, cardiovascular abnormalities, diabetes mellitus, and/or using medications for excess 
bleeding of the uterus or psychiatric illness were excluded.  Subjects were briefed about the tests 
and all the tests were carried out during two consecutive menstrual cycles, around 10.00AM for all 
tests to avoid any diurnal variation.  A written consent from each subject was taken before the test.  
All the tests were conducted at the mid point of menstrual, follicular, and luteal phases.  
Examination  

Female subjects fulfilling the criteria were asked to fill the proforma and required tests were 
carried out as mentioned. 
Blood pressure determination  

Subjects were allowed to rest for half an hour in the laboratory before taking them to the 
examination couch.  They were again asked to relax on the couch and were subjected to an informal 
conservation for 5 minutes and then blood pressure was recorded from the right arm in the supine 
position using the standard mercury sphygmomanometer (Diamond deluxe mercurial B.P. apparatus 
– IEAP, Pune, India).  Two consecutive recordings were done and the average reading was 
considered. 
Lung function profiles  

Forced expiratory volume in one second (FEV1), peak expiratory flow rate (PEFR), and 
forced vital capacity (FVC) were determined by the Morgan’s spirocheck portable spirometer.  
Subjects were familiarized with the instrument and detailed instructions were given.  All the 
parameters were recorded in the sitting posture.  Subjects were asked to take in a deep breath and 
then exhale forcefully into the tube by closing the nostrils.  Instantaneous records of FEV1, PEFR, 
and FVC on the monitor were noted.  Three consecutive recording were done for each test and the 
best out of three were taken into consideration and expressed in L/min.  Date of the tests was noted 
and the subjects were examined for subsequent two phases of their menstrual cycles. 
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Statistical analyses  
Data were expressed as mean ± SEM.  Comparison of data was done statistically by using 

one way analysis of variance (ANOVA) followed by least significant difference (LSD) test.  P-
value of less than 0.05 indicates a significant difference. 

 
Results 

Mean systolic blood pressure was 114.96 ± 0.70 mm Hg in the menstrual phase, 116.52 ± 
0.83 mm Hg in the follicular phase and 115.54 ± 0.76 mm Hg in the luteal phase of the menstrual 
cycle.  Mean diastolic blood pressure was 76.43 ± 0.68 mm Hg menstrual, 76.76 ± 0.74 mm Hg in 
follicular, and 76.38 ± 0.66 mm Hg in luteal phase.  There was no significant difference in both 
systolic and diastolic blood pressure among phases of the menstrual cycle (Table 1). 
 
Table 1.  Blood pressure during different phases of menstrual cycle 

Parameters 
(mm Hg) 

Menstrual phase 
(N=75) 

Follicular phase 
(N=75) 

Luteal phase 
(N=75) 

Systolic B.P 114.96 ± 0.70 116.52 ± 0.83 115.54 ± 0.76 
Diastoilc B.P 76.43 ± 0.68 76.76 ± 0.74 76.38 ± 0.66 

Values are Mean ± SEM.  All values are not significantly different among the groups. 
 
 
FEV1 and FVC significantly increased (P<0.01) in the luteal phase when compared to the 

menstrual phase whereas PEFR did not show any significant difference (Table 2).  In addition, 
FEV1, PEFR, and FVC were significantly higher in the luteal phase than the follicular phase (FEV1, 

P<0.01; PEFR and FVC, P<0.05).   
 

Table 2.  Lung function test parameters during different phases of menstrual cycle 
Parameters 

(L/min) 
Menstrual phase 

(N=50) 
Follicular phase 

(N=50) 
Luteal phase 

(N=50) 
FEV1 1.74 ± 0.04 1.75 ± 0.05 1.99 ± 0.08**## 

PEFR 285.48 ± 10.54 270.00 ± 10.14 307.00 ± 12.26# 

FVC 1.782 ± 0.045 1.825 ± 0.546 2.049 ± 0.081**# 

Values are Mean ± SEM. **P<0.01, menstrual verses luteal; #P<0.05 and ##P<0.01, follicular verses 
luteal.  Menstrual and follicular values are not significantly different. 
 
Discussion  

Hemodynamic and blood pressure changes during pregnancy are well-known.  Chapman et 
al. (1997) have proposed that ovulation and presence of corpora lutea during normal menstrual 
cycle were the key factors associated with systemic and renal hemodynamic changes as those occur 
in the first trimester of pregnancy.  Contrary to the reports available in the literature, our study 
showed no any fluctuation of blood pressure during the different phases of menstrual cycle.  This 
finding is in accordance with some earlier reports (Greenberg et al., 1985; Hirshoren et al., 2002).  
However, Chapman et al. (1997) reported a decrease in arterial pressure at the mid luteal phase 
when compared to the mid follicular phase and this decrement associated with a marked decrease in 
peripheral vascular resistance.  The blood pressure variation during menstrual cycle has been 
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attributed to the progesterone and estrogens fluctuation (Moran et al., 2000).  Estrogens promote 
vasodilatation by stimulating the release of prostacyclin and nitric oxide and inhibit the production 
of vasoconstrictors like Angiotensin II and endothelins (Everett et al., 1978; Polderman et al., 
2000).  Though studies addressing the blood pressure changes in the luteal phase are controversial, 
several reports argue an increase in both systolic and diastolic blood pressure especially during the 
luteal phase (Edwards et al., 1996).  The different findings may be attributed to various complex 
interactions among vasoactive mediators (e.g., nitric oxide, prostaglandins, prostacyclins, and the 
rennin-angiotensin system), hemodynamic changes (i.e., cardiac output and systemic vascular 
resistance), and sex hormones (i.e., estrogens and progesterone).  This phenomenon may be in part 
dependent on genetics.  Age of the subjects may also be a contributing factor as our subjects were 
young in the average age of 18-25 years. Simultaneous hormonal assays would have been of further 
advantage to correlate the blood pressure changes if any.  

Compensatory mechanisms in the respiratory system during pregnancy help to meet the 
increased demands and have been correlated to the hormonal level variations (Puranik et al., 1994; 
Schoene et al., 1981; Takano N, 1984).  Functional lungs are able to adapt to the metabolic need of 
the body and accordingly the lung function varies during different conditions.  Since hormonal 
levels also vary as per the metabolism, any variation in the female gonadal hormone during 
different phases of menstruation exerts corresponding changes in the lung functions.  In the present 
study, an increase in lung functions like FEV1, PEFR, and FVC during the luteal phase were 
observed and these variations are consistent with previous studies in adult women (Das, 1998; Rao 
et al. 1991).  The most possible cause for an increase in lung function parameters during the luteal 
phase of menstruation and pregnancy is the hyperventilation associated with increased progesterone 
secretion (Das et al., 1991; Goodland et al., 1953; Milne 1979; Rao et al., 1991).  Periodic 
hyperventilation like during exercise improves respiratory muscle strength and lung capacity.  
Progesterone induces hyperventilation through both the central medullary and peripheral receptors 
and the sensitivity of respiratory receptors during the luteal phase and pregnancy (Clerici, 1999).  In 
the present study, higher lung function profiles (FVC and FEV1) also observed during follicular 
when compared to the menstrual phases.  This may be a consequence of the withdrawal of smooth 
muscle relaxant effect of progesterone during premenstrual and menstrual phases and then results in 
a lower lung airway resistance.   
The present study indicates an increase in lung function profiles in the secretory phase compared to 
the proliferative and menstrual phases.  This result adds extra information to the recent new concept 
on premenstrual asthma, which is thought to be due to an exaggeration of the normal cyclical 
variation in lung function in females suffering from asthma (Oguzulgen et al., 2002).  The 
fluctuation in respiratory parameters during different phases of menstrual cycle in healthy young 
women, highest in luteal phase, may be an important factor to be taken into consideration especially 
in women with predisposition to respiratory allergies.  They may be prone to develop symptoms of 
asthma during premenstrual and menstrual phases when the progesterone levels fall.  This has to be 
borne in mind during management and planning of therapeutic regimens in patients with asthma.  
  In summary, the present study suggests that arterial blood pressure of healthy young Indian 
women does not vary during the different phases of menstrual cycle whereas their respiratory 
parameters display a peak increase during the luteal phase. However, this study was done in a small 
group of subjects and may not represent the whole Indian women.  Further study needs to be 
performed. 
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