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ABSTRACT

Objective
The purpose of this study was to evaluate if hemodynamic parameters and sympathetic 

activity vary between the follicular and luteal phase of the menstrual cycle before using 

sympathetic activity in pre-pregnancy risk assessment for preeclampsia.

Methods

We studied 39 healthy women at days 5 to 10 and days 18 to 25 of the menstrual cycle. 

Blood pressure, heart rate, cardiac output and total peripheral resistance were measured 

continuously using noninvasive finger arterial pressure waveform registration (Portapres 

Model 2, TNO-BMI, The Netherlands). Baroreflex sensitivity (BRS) and sympathetic 

activity by phase angle difference were studied using spectral analysis and xBRS.

Results

There were no differences in hemodynamic parameters, BRS or phase angle difference.

Conclusion

There is no difference in blood pressure, BRS or sympathetic activity between the first and 

second half of the menstrual period. We recommend using the first half of the cycle to be 

certain no pregnancy exist, as the influence of very early pregnancy is unknown.
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INTRODUCTION

Preeclampsia is a leading cause of maternal and perinatal morbidity and mortality.1 It is 

a multisystem disorder with unknown etiology and is characterized by increased systemic 

vascular resistance, endothelial dysfunction and increased sympathetic activity.1;2 Despite 

the advances in perinatal care, there is no test for adequate prediction of the disease.3 

Early selection of women at high risk could offer the opportunity to target care at those 

most likely to benefit and to evaluate or design preventive strategies more effectively.

Earlier research has shown that, before pregnancy, women who will develop preeclampsia 

have a slightly higher blood pressure and a larger blood pressure drop after orthostatic 

stress when compared with women who have a normal blood pressure throughout 

pregnancy.4 From 8 weeks gestational age onward they also had a larger negative phase 

difference in the low frequency band with spectral analysis. This indicates increased 

sympathetic activity early in pregnancy among women who will develop preeclampsia 

later in pregnancy. Recently sympathetic hyperactivity and reduced baroreflex sensitivity 

were found in formerly preeclamptic normotensive women.5 These women were formerly 

preeclamptic and the sympathetic hyperactivity could be the result of the disease or it 

could have been present already before pregnancy. These findings could thus be useful 

for early identification for women at risk early in pregnancy and even before pregnancy.

It is well known that ovarian hormones affect the cardiovascular and renal-aldosteron 

system.6-8 However, the magnitude of the effect of hormonal fluctuations during the 

menstrual cycle on blood pressure regulation is not clear and literature in this respect is 

not consistent.9-11 The present study was designed to ascertain if it would be necessary 

to account for the menstrual cycle when measuring pre-pregnancy hemodynamic 

parameters for the identification of women at risk for preeclampsia.

METHODS

Study Population
We recruited participants by advertisement in a local newspaper. All women were over 

the age of 18 years, had a regular cycle (median 28 days; range 26 to 32 days), and 

had no previous pregnancy. The participants did not use medication, oral contraceptives 

or a levonorgestrel releasing intrauterine device. We excluded women with hypertension, 

diabetes or cardiovascular diseases. After providing written informed consent, all 

participants underwent identical study protocols. The Medical Ethical Committee of the 

Academic Medical Center approved the study.
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Study Protocol

All women were studied in the follicular phase, between the 5th and 10th day, and 

in the luteal phase, between the 18th and 25th day of the menstrual cycle. Menstrual 

cycle phase was determined according to the first day of the last menstruation. The first 

measurement was allocated randomly to the follicular phase (FP) or the luteal phase (LP). 

All measurements were doe by two researchers. The participants were advised to abstain 

from drinking coffee or smoking cigarettes from the night before the measurements. After 

resting in supine position for at least 10 minutes, they were informed about the study 

procedure and were allowed to adapt to the measuring devices and the room before 

the measurements started. The measurements were preformed with the participants 

in supine position under standardized conditions and took place in a quiet room 

with a temperature between 20 and 22°C. Blood pressure was measured twice with 

conventional sphygmomanometry (Maxi Stabil 3, an aneroid sphygmomanometer, Welch 

Allyn, Skaneateles Falls, New York, USA) before the measurement with the Portapres™ 

started. The mean value was used for comparisons.

Continuous recordings of hemodynamic parameters

Non-invasive finger arterial pressure waveform registration by Portapres, Model 2 (TNO-

BMI, Amsterdam, The Netherlands) was used for continuous monitoring of blood pressure, 

heart rate and cardiac output. Portapres is a device for the measurement of finger arterial 

pressure on a beat-to-beat basis, according to the volume clamp method of Penaz12;13. 

The use of continuous recordings of finger arterial blood pressure by this method has 

been validated in comparison to invasive beat-to-beat blood pressure recording in non-

pregnant subjects and in comparison to conventional sphygmomanometry in pregnant 

women.14;15 Stroke volume analysis out of continuous finger arterial pressure waveform 

registration by the pulse contour method of Wesseling (the Modelflow method) has been 

validated extensively.16 An appropriate size finger cuff was applied at the middle finger 

of the non-dominate hand. At a stable signal the pressure registration was calibrated to 

upper-arm cuff pressure by the Return to Flow method.17 Data collection was started after 

a stable signal had been reached for 5 minutes. 

Data analysis

Data from the Portapres were sampled at 200 Hz and analyzed by the Beatfast program 

(TNO-BMI, Amsterdam, The Netherlands). The average of the systolic blood pressure 

(SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), heart rate (HR), 

cardiac output (CO) and total peripheral resistance (TPR) of 10 minutes during supine 

rest were used for analysis.
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Baroreflex sensitivity (BRS)

Beat to beat SBP and interbeat interval (IBI) time series were detrended and Hanning 

windowed. Power spectral density and cross-spectra of SBP and IBI in the low-frequency 

band (0.06-0.15 Hz) and the high-frequency band (0.15-0.35 Hz) were computed using 

discrete Fourier transform as described elsewhere.18 The cross-correlation method xBRS 

(BMEYE, Amsterdam, the Netherlands) was used for time-domain analysis of spontaneous 

BRS 19 For this purpose the SDP and IBI time series were resampled at 1Hz. In a 10-s 

window, the correlation and regression slope between SBP and IBI were computed. These 

computations were done for 0 to 5 s delays in IBI with respect to SBP and the delay with 

the highest positive coefficient of correlation was selected. The slope between SBP and IBI 

was recorded as BRS estimate if the correlation was significant at p=0.01.

Statistics

Results were compared by paired t-test or Wilcoxon signed ranks test as appropriate. A 

sample size of 35 participants allowed for the detection of a blood pressure difference 

of 2 mmHg between the two measurement periods, assuming a mean blood pressure of 

100 mmHg and a standard deviation of 10 mmHg with alpha 0.05 and beta 0.2. 

RESULTS

Thirty-nine participants were recruited; all women were tested in both phases; 18 women 

entered the study in the follicular phase and 21 women in the luteal phase. They had a 

mean age of 29 ( ±4.7) years and a mean body mass index of 22.0 (± 2.3) kg/m2 at the 

first measurement. Blood pressure measured by conventional sphygmomanometry and 

Table 1. Comparison of hemodynamic parameters by phase of the menstrual cycle
Day 5-10 Day18-25 P-value

Sphygmomanometry measurements
SBP (mmHg) 112 ±8 110± 9 0.21

DBP (mmHg) 73± 7 73 ±8 0.98

Portapres measurements

SBP (mmHg) 105 ± 11 105 ±  12 0.93

DBP (mmHg) 59 ± 7 60 ±8 0.56

MAP (mmHg) 78±9 79 ±10 0.74

HR (bpm) 69± 9 69 ±9 0.62

CO ( l/min) 5.9 ±1.4 6.2 ±1.9 0.38
TPR (dyne.s-1.cm-5) 0.81±0.2 0.83±0.2 0.70

Data presented as mean ± standard deviation and P values calculated with paired t-test. SBP: 
systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, HR: heart rate, 
CO: cardiac output, TPR: total peripheral resistance.
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the parameters measured by the Portapres (SBP, DBP, HR, CO and TPR) were comparable 

between the two phases of the menstrual cycle (table 1). SBP and DBP measured by 

Portapres were significantly lower than SBP and DBP measured by sphygmomanometry 

in both periods (p<0.01).

There was no difference of BRS and phase angle difference measured with spectral 

analysis and xBRS between the two periods (figures 1). None of the measurements were 

influenced by age or body mass index.

Figure 1. Baroreflex sensitivity measured with spectral analysis at low frequency (A), with xBRS (B) 
and phase angle difference with spectral analysis (C) at day 5-10   and day 18-25 of the menstrua; 
cycle. Data are displayed using box whisker plots. The box indicates the lower and upper quartiles 
and the central line is the median. The horizontal lines are the 2.5th and 97.5th centiles. There 
were no significant differences between both phases.

DISCUSSION

To our knowledge this is the first study of the baroreflex during the menstrual period 

with an adequate sample size. We observed no differences in blood pressure and heart 

rate between days 5 and 10  and days 18 and 25 of the menstrual cycle, which agrees 

with previous studies.9;11;20-22 Our observation that hemodynamic parameters, BRS and 

sympathetic activity were comparable in the first and second half of the menstrual cycle 

agrees with a number of studies. 9;23;24 However, Tanaka and co-workers observed 

greater baroreflex sensitivity in the early follicular phase compared to the midluteal phase 

in response to a decrease in arterial blood pressure by nitroprusside, using tonometry for 

blood pressure registration.10 Minson and co-workers performed a similar experiment 

and did not detect such a difference, using finger pulse registration for blood pressure 

calculation (Finapres), which is similar to our method.9 Additionally, this study reported 

a higher sympathetic outflow of muscle sympathetic nerve activity(MSNA), determined by 

microneurography and an increased sympathetic baroreflex sensitivity based on MSNA/

diastolic blood pressure slopes in the midluteal phase.9 They concluded that hormonal 
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fluctuations during the normal menstrual cycle may alter sympathetic outflow but vascular 

resistance is not increased. They hypothesized that the increase of sympathetic activity is 

balanced by an increase of the vasodilator nitric oxide. A similar interpretation of data 

was made in a longitudinal study before and during pregnancy in women who developed 

preeclampsia.4

Sato and co-workers demonstrated a higher low frequency/ high frequency ratio of heart 

rate variability with spectral analysis in the luteal phase.25 They suggest that sympathetic 

nervous activity is predominant in the luteal phase as compared to the follicular phase. 

This was not confirmed by others, using spectral analysis of heart rate variability.26;27

Blood pressure measurements with the Portapres were significantly lower than by 

sphygmomanometry. The differences in DBP can be explained because measurements 

with the Portapres with Return to Flow method intends to reconstruct brachial intra-arterial 

pressure in a non-invasive way,17 whereas sphygmomanometry overestimate brachial 

intra-arterial diastolic blood pressure.28 Sphygmomanometry always involves a certain 

amount of stress due to the painfulness of cuff inflation and blood pressure rises slightly 

during measurements with an upper-arm cuff.29  However, with a continuous method like 

the Portapres the subject is completely at rest after a period of accustomization. 

No hormone levels were measured because subjects were only selected if they had 

a regular menstrual cycle between 26 and 32 days for several months. Ninety-eight 

percent of women with a regular cycle have an ovulation with changes in estrogen and 

progesterone plasma concentration.30 It is unlikely that our observation of similarity 

between follicular and luteal phase could have been influenced by one or two subjects 

without ovulation. 

We chose a wide range (days 5 to10 and days 18 to 25) for the examination day. By 

making this selection it might be possible that effects caused by the periovulatory estrogen 

peak were not detected. However the differences in estrogen and progesterone levels 

between days 5 and 10 and days 18 and 25 are of such a magnitude that significant 

effects, if present, should have been detected in our study.31

Because we intend to perform a longitudinal study of the change of cardiovascular 

control from the non-pregnant state to early pregnancy in future research, no controlled 

stimulation of the cardiovascular system by drug injections was used as these would 

not be acceptable in early pregnancy. Spontaneous BRS and drugs-induced BRS both 

reflect baroreflex physiology and are generally correlated.32 In this study we measured 

spontaneous BRS by averaging data over a time period of 10 minutes to get a reliable 

estimation. 

We only measured BRS in rest and we did not use cardiovascular reflex tests like orthostatic 

stress test, isometric handgrip test, Valsalva’s manoeuvre or deep breathing test. Previous 
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work by our group did not demonstrate differences with these tests between women, who 

developed preeclampsia and women who had an uneventful pregnancy. Furthermore, 

it appeared difficult to perform such tests in a standardized way in pregnant women.33  

CONCLUSION

No significant differences in blood pressure and baroreflex were found between days 5 

and 10 and days 18 and 25. This implicates that it is not necessary to take the phase of 

the menstrual cycle into account in a study of cardiovascular changes between the non-

pregnant and the pregnant state. Nevertheless it might be sensible to select the first half 

of the cycle to be certain that no pregnancy exists as the influence of very early pregnancy 

is unknown. 
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