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Is there a differential impact of parity on factors
regulating maternal peripheral resistance?

Makoto lizukal?2, Naoyuki Miyasakal, Yuki Hirose!l, Mikayo Toba!, Shuichi Sakamoto? and Toshiro Kubota!

Parity may influence cardiovascular adaptations during pregnancy. However, little is known about the influence of parity on
maternal hemodynamic adaptations. In this prospective study, we investigated factors regulating peripheral resistance that
control hemodynamic adaptations in pregnant women and evaluated differences in these factors between nulliparous and
multiparous women. We evaluated 127 patients (nulliparous: 78, multiparous: 49) without any complications and not taking
medications and assessed hemodynamics, arterial stiffness, modified flow-mediated dilation (mFMD) and heart rate variability,
including power spectral and detrended fluctuation analysis (DFA). Diastolic blood pressure (BP) was significantly higher in
nulliparous than multiparous women throughout pregnancy (P<0.05). Diastolic BP was significantly higher in nulliparous than
multiparous women in the third trimester (95% confidence interval (Cl), 2.43-9.73). A significant difference in high-frequency

power was observed between nulliparous and multiparous (P<0.05) women, and was significantly lower in multiparous than
nulliparous women in the third trimester (95% Cl, 0.74-0.34). The low-frequency/high-frequency ratio was significantly
increased in both groups between the first trimester and the third trimester (P<0.05). The DFA value, a2, significantly

differed between nulliparous and multiparous (P<0.05), and was significantly lower in nulliparous than multiparous women
(95% Cl, —0.30 to —0.10). The mFMD and arterial stiffness remained approximately the same for nulliparous and multiparous
women for all trimesters. Our results suggested that nulliparous women were characterized by greater autonomic nervous activity

than were multiparous women.
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INTRODUCTION

The maternal hemodynamic system undergoes profound changes
during pregnancy.!® These adaptations include an initial decrease in
systemic vascular tone, an increase in cardiac output and an expansion
of plasma volume, leading to a gradual decrease in systolic and
diastolic blood pressure (BP) until mid-pregnancy, when BP increases
through delivery.” Maternal hemodynamic maladaptations may
occur because of maternal complications, although the underlying
mechanisms are not fully known.

Parity may influence cardiovascular adaptations
pregnancy.” BP has been found to be higher in nulliparous women
than in multiparous women.” !0 However, results in this area are
not consistent.® Thus, little is known about the influence of parity on
maternal hemodynamic adaptations.

Arterial BP is primarily regulated by the cardiovascular, autonomic
nervous and vascular systems.> Among them, the vascular system plays
an important role in regulating maternal BP for the reasons noted
above. Total peripheral resistance is regulated via vascular endothelial
cell function, arterial stiffness, autonomic nervous function and

during

hormonal factors. Although these factors have been reported to
change during pregnancy,>!!~1# the impact of parity on them remains
unclear.

There are noninvasive methods for evaluating factors regulating
peripheral resistance. Flow-mediated dilation (FMD) is a simple and
noninvasive measure of endothelial capacity. When the endothelium is
stimulated by a sudden increase in shear stress, it causes smooth
muscle cell relaxation and vasodilation.!>!¢  Arterial compliance
and pulse wave velocity (PWV) are assessed to evaluate the elastic
behavior of arterial segments in vivo. These are simple and
reproducible methods for determining arterial stiffness.!” The
measurement of spectral heart rate variability (HRV) is a noninvasive
measure of autonomic nervous function. It has been demonstrated to
have diagnostic and prognostic value in many physiological and
pathological conditions.!®!

In this prospective study, we investigated factors regulating
peripheral resistance that control hemodynamic adaptation in
pregnant women and evaluated differences in these factors between
nulliparous and multiparous women.
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METHODS

Subjects

In this prospective study, participants were recruited from the Department of
Obstetrics and Gynecology, Tokyo Medical and Dental University between
September 2011 and November 2012. Those who were diagnosed with diabetes
mellitus, hypertension, cardiovascular diseases and/or psychological disease; had
multiple conceptions; and were taking any medications were excluded. The
present study included 78 nulliparous (32.4 +4.9 years) and 49 multiparous
(33.7 4.1 years) pregnant women. Repeat measurements were performed in
several women during the third trimester. In order to compare factors involved
in the regulation of peripheral resistance between the two groups of women,
these measures were averaged and counted as a single observation. The details
of the women are described in Tables 1 and 2. The present study was approved
by the medical ethics committee of Tokyo Medical and Dental University.
All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Informed consent was obtained
from all individual participants included in the study.

Modified flow-mediated dilation

Endothelial function was noninvasively assessed using modified flow-mediated
dilation (mFMD), as in previous studies.!>!® Participants were examined while
in a supine position after >5 min of rest in a quiet and temperature-controlled
(22-25°C) room. The mFMD measurement of the brachial artery was
evaluated by amplitude and brightness mode ultrasonography with the use of
a linear array 10-MHz transducer (UNEXEF18G, UNEX, Nagoya, Japan).
After baseline diameter measurements for 30s, a BP cuff was inflated to
50 mm Hg above the patient’s systolic BP for 5 min, and then deflated.
The diameter of the brachial artery was continuously recorded for 2 min after
the cuff was deflated. All diameters were measured in the end-diastolic phase,
defined as the beginning of the R wave on electrocardiography. The timing of
the occluded base and maximum arterial diameter measurements were as
previously described.!>'® The mFMD was calculated using the following
parameters: mFMD = ((Drep — Dinfl)/Dinfl) x 100%, where Dinfl is the
lowest end-diastolic diameter during cuff inflation measured immediately
after release and Drep is the highest peak end-diastolic diameters during
reperfusion.

Table 1 Patient characteristics

Parameter Nulliparous (N = 78) Multiparous (N =49) P-value
Maternal age (years) 32.4+49 33.7+4.1 NS
Body mass index (kg m~2) 20.0+£3.0 20.90+2.6 NS
Former smoker (%) 15.3 6.5 NS
Day of delivery (day) 279.6+8.1 274.0+8.2 NS
Birth weight (g) 3141.2+347.0 3130.6+331.2 NS
Cesarean section delivery (%) 14.7 22.4 NS

Abbreviation: NS, not significant.
Values are means +s.d. unless otherwise noted.

Arterial compliance and brachial PWV

Baseline brachial artery compliance was calculated as AV/AP, where V is the
cross-section of the brachial artery and AV is the variation in the cross-section
from end diastole to peak systole. AP is the change in brachial pulse pressure
from systolic to diastolic pressure. Brachial artery pulse wave velocity (bPWV)
was calculated using the following parameters:2 bPWV =1/4/(DCp);
DC= (2D x baseAD+AD?)/Ap x Dbase?. DC is the distensibility coefficient
expressed in 1073 per kPa, p is the density of blood (assumed to be
1060 kg m~3), Dbase is the end-diastolic brachial artery diameter before cuff
inflation, AD is the difference between end-systolic brachial artery diameters
before cuff inflation and Ap is the pulse pressure in kPA.'®

Heart rate variability

ECGs were performed after subjects had rested for 5 min in the supine position
before FMD measures using a 3-lead ECG system and converted to R-R
intervals using the built-in A/D converter (UNEXEF18G). The ECG was
continuously monitored and recorded for 5 min while the patient was resting in
a supine position. ECG data were digitized at a sampling rate of 1 kHz, and the
R-R intervals were sequentially aligned. HRV was analyzed in the time domain
and in the frequency domain, and nonlinear analyses (detrended fluctuation
analysis (DFA)) were performed with those data. Time domain measures
of HRV, including the root mean square of the successive differences (RMSSD)
of the R-R interval, were calculated as in a previous study.”! The calculated
RMSSD was used as a parameter of parasympathetic nervous activity. The
spectral powers were calculated for the following respective frequency
bands:?*>?* high-frequency (HF, 0.03-0.5 Hz) power was used as a parameter
of parasympathetic activity, and the ratio of low-frequency (LF, 0.03-0.15 Hz)
power to HF power (LF/HF) was used as a parameter of sympathetic nervous
activity, and the total (0.03-0.5 Hz) power (TP) was used to represent the
overall autonomic nervous activity. The DFA is a method that typically shows
two ranges of scale invariance that is quantified by two separate scaling
exponents to detect some apparent self-similarities. A single DFA coefficient
could not represent all time intervals; therefore, the short-term correlation
exponent ol was calculated between 4 and 13 beats, whereas the long-term
correlation exponent o2 was calculated for > 13 beats.212

Blood pressure

Arterial BP was measured in clinical settings. BP and heart rate at rest were
determined in the supine position with an arm cuff using an automated device
(UNEXEF18G, UNEX).

Statistical analysis

All statistical analyses were performed using a commercial software package
(SPSS TII for Windows, SPSS, Tokyo, Japan). The normality of distribution of
the data was examined with the Kolmogorov—Smirnov test. For those
parameters that were not normally distributed (bPWV, mFMD, RMSSD, HF
and TP), a logarithmic transformation was performed.

Data were expressed as mean +s.d. Student’s ¢-test was used to compare base
clinical character between nulliparous and multiparous women. Two-way
analysis of variance (using parity and trimester of gestation as main factors)
and post hoc analysis (with Tukey’s multiple comparisons) were used to
evaluate changes in factors involved in the regulation of peripheral resistance
and the control of hemodynamic adaptation throughout pregnancy. For factors
found to significantly differ between groups, separate one-way analysis of

Table 2 Comparison of ages and test weeks between nulliparous and multiparous women throughout pregnancy (nulliparaous/multiparaous)

First trimester

Second trimester

Third trimester

Number of test Nulliparous (N=26)  Multiparous (N=22)  Nulliparous N=67)  Multiparous (N=39) Nulliparous (N=59) Multiparous N=37) P-value
Age (years) 34.5+4.6 345+5.3 33.9+5.3 33.9+4.1 32.7+4.8 33.4+3.8 NS
Test weeks (week) 11.1+2.3 11.7+2.0 22.4+3.7 21.8+3.5 33.2+3.7 31.8+3.7 NS

Abbreviation: NS, not significant.
Values are mean +s.d.
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variance (factors parity) were conducted to assess the influence of parity
throughout pregnancy. Furthermore, 95% confidence intervals (Cls) for
differences in factors involved in the regulation of peripheral resistance between
the two circumstances were calculated in the third trimester. Statistical
significance was determined by P-values <0.05 for main effect and
interactions.

RESULTS

Hemodynamic data

Maternal systolic BP remained stable until the third trimester. The
interaction between parity and gestational trimester and the main
effect of parity were not significant for systolic BP. Diastolic BP
remained stable until the third trimester. Diastolic BP was significantly
higher in nulliparous than in multiparous woman throughout
pregnancy (P<0.05). Diastolic BP was significantly higher in
nulliparous than in multiparous women in the third trimester
(95% CI for difference, 2.43-9.73). There was no significant
interaction between parity and gestational trimester. Heart rate
increased from the first trimester to the second trimester and was
maintained in the third trimester (P<0.05). The interaction between
parity and gestational trimester and the main effect of parity were not
significant for HR (Figure 1).

Arterial compliance and bPWV

Arterial compliance significantly increased from the first trimester to
the second trimester and was maintained into the third trimester
(P<0.05). The interaction between parity and gestational trimester
and main effect of parity were not significant for arterial compliance.
The bPWYV remained stable until the third trimester. The interaction
between parity and gestational trimester and main effect of parity were
not significant for bPWV (Figure 2).

Arterial diameter and mFMD

Dinfl and Drep displayed the same changes during pregnancy,
whereby they increased from the first trimester to the second trimester
and were maintained into the third trimester (P<0.05). Accordingly,
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mFMD did not significantly change during pregnancy. The interaction
between parity and gestational trimester and main effect of parity were
not significant for mFMD (Figure 3).

HRV analysis

In the analysis of linear parameters, RMSSD was significantly reduced
in both groups from first trimester toward to third trimester and was
more pronounced in the multiparous group (P<0.05). There was a
significant effect of both parity (P<0.05) and gestational trimesters
(P<0.001). There was no significant interaction between parity and
gestational trimester for RMSSD (P=0.23). RMSSD was significantly
lower in multiparous women than in nulliparous women in the third
trimester (95% CI for difference, 0.74-0.34; (P<0.05). There was a
significant effect of both parity (P<0.05) and gestational trimester
(P<0.05), in addition to a significant interaction between parity and
gestational trimester for HF (P<0.05). When comparisons were
performed between each group, HF was found to be significantly
reduced in both nulliparous and multiparous women throughout
pregnancy (P<0.05), and significantly lower in multiparous women
than in nulliparous women in the third trimester (95% CI for
difference, 0.15-0.56). This interaction indicates that the most
profound effect was in multiparous women during the third trimester.
The LF/HF ratio was significantly increased in both groups from the
first trimester to the third trimester (P<0.05). The interaction
between parity and gestational trimester and main effect of parity
were not significant for the LF/HF ratio. TP values were significantly
lower in third trimester compared with the first trimester (P<0.05).
The interaction between parity and gestational trimester and main
effect of parity were not significant for TP (Figure 4).

In the nonlinear analysis, the DFA values al and o2 were
significantly increased in both groups but were more pronounced in
multiparous women. The interaction between parity and gestational
trimester and main effect of parity were not significant for values ol.
There was a significant effect of both parity (P<0.05) and gestational
trimester (P<0.05), in addition to a significant interaction between
parity and gestational trimester for values o2 (P<0.05). When
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analyses were performed for each group, a2 was found to be
significantly increased in multiparous women from the first trimester
toward the third trimester (P<0.05). However, no significant
differences were observed among nulliparous women. In the third
trimester, a2 values were significantly lower in nulliparous than in
multiparous women (95% CI for difference, —0.30 to —0.10).
This interaction indicates that the most profound effect was in
multiparous women (Figure 5).

DISCUSSION
In this study, we evaluated a large series of patients (127 normal
pregnancies (nulliparous: 78 vs. multiparous: 49)) that we followed
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throughout gestation and compared changes in hemodynamic states
and peripheral resistance regulatory factors between nulliparous and
multiparous women. Despite the limitations of this longitudinal
study, our results provide important information about maternal
hemodynamic adaptation. Interestingly, we report that nulliparous
compared with multiparous women were characterized by greater
autonomic nervous activity.

We showed that both maternal hemodynamics and regulatory
factors changed dynamically during pregnancy. Based on our results,
in pregnant women who do not have any complications, nulliparous
compared with multiparous women showed greater autonomic
nervous activity and had higher diastolic BP. The third trimester of
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pregnancy is the most important time for influence of maternal
complication. These are important clinical observations, as cardiovas-
cular maladaptation during pregnancy may lead to gestational
hypertension and preeclampsia. Parity might influence these

cardiovascular adaptations during pregnancy, especially with respect
to autonomic nervous activity. The results of a prospective,
population-based cohort study of 8377 women showed higher mean
BP levels in nulliparous women as compared with BP levels in
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multiparous women.'? Another study of 600 pregnant women showed
a greater increase in BP in nulliparous than in multiparous women
during pregnancy.” However, not all previous studies showed
associations between parity and BP. A small, prospective cohort study
of 205 pregnant women did not show differences in BP related to
parity. There were no significant differences found in the 24-hour
mean systolic and diastolic BPs among nulliparous and multiparous
women;® these differences might be explained by the smaller study
sample and different measurement methods. The previous studies and
the present study suggested that parity had an impact on autonomic
nervous activity during pregnancy.

It has been reported that total autonomic nervous activity can be
assessed by noninvasive measurement tools. The autonomic nervous
system plays a central role in maternal hemodynamic adaptation.
Autonomic nervous activity is reduced during pregnancy, with a shift
toward less parasympathetic nervous activity and more sympathetic
nervous activity.'#20-28 Greenwood et al.'> used the technique of
microneurography and found that, in the third trimester, pregnant
women have higher muscle sympathetic nervous activity than do
nonpregnant women. The parity impact, previously discussed for
autonomic nervous activity, is poorly understood. In this study, we
also included a nonlinear analysis of HRV. Nonlinear analyses of HRV
were proposed in order to dissect the complex control of heart rate
dynamics.'®2%30 Normal pregnancy is associated with characteristic
hemodynamic changes: increased intravascular volume, cardiac output
and heart rate and decreased total vascular resistance. Thus, a
nonlinear analysis of HRV is thought to provide additional
information about pregnancy. We demonstrated in this study that
the DFA values ol and a2 were significantly increased in both groups
and were more pronounced in multiparous women. A previous study
reported that DFA is associated with various physiological situations,
such as body posture, age, sleep stage and physical activity level.3'=33
In late pregnant women, the DFA values ol and a2 were higher than
those in nonpregnant women.”?> Our study suggested that the o2
value was significantly lower in nulliparous than in multiparous
women in the third trimester. The differences between maternal
autonomic nervous adaptations in women could be the result of
experience from previous pregnancies. The o2 value was associated
with hemodynamic changes. A higher stroke volume and cardiac
output and lower total peripheral resistance have been reported in
multiparous women compared with those in nulliparous women.b%3*
It is possible that the neurological feedback from expanded vessels led
to differences in autonomic nervous activity among nulliparous
women. The present study has important implications, and suggests
that nulliparous women have greater autonomic nervous activity than
do multiparous women.

In previous studies, pregnancy has been reported to be associated
with decreased maternal carotid—femoral PWV compared with that in
nonpregnant controls.>> It is possible that the decreased maternal
arterial compliance is related to aberrant maternal physiological and
biochemical adaptations.>*~3® There are few reports on brachial arterial
stiffness. The carotid arterial compliance indicated significant
stiffening from the first to the third trimesters and that aortic PWV
decreased during pregnancy, although no correlation was found
between changes among them.!! We hypothesized that multiparty
would be associated with remodeled systemic arteries and increased
arterial compliance. Brachial arterial compliance and PWV are likely
to be consequences of parity throughout pregnancy. The previous
report suggested that parity is associated with lower carotid artery
dis'[ensibility.39 However, that study did not use maternal data; the
study population was aged from 45 to 84 years. Our study included
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maternal aged women, and arterial stiffness was not significantly
different between nulliparous and multiparous women during
pregnancy. It is possible that a lot of time is required for arterial
remodeling because of parity. The results for maternal FMD have not
been consistent among investigators. A study of 71 pregnant women
showed that FMD increased beginning in the first trimester, reaching
the highest value in the last trimester, and that nitroglycerin-induced
dilation was not significantly different between pregnant and non-
pregnant women.* Another study of 157 pregnant women showed
that FMD was significantly higher in the pregnant women than in the
19 nonpregnant women, but after 30 weeks of gestation, FMD
decreased to the levels observed in the nonpregnant women.'> A
longitudinal study of 12 pregnant women demonstrated that
FMD increased in the third trimester compared with that in the first
and second trimesters and in nonpregnant controls.*! FMD is a simple
and noninvasive measure of endothelial capacity and is related to basal
arterial diameter at rest. It is possible that the brachial arterial diameter
at rest had already been expanded before the occlusion state during
pregnancy. Nitric oxide is continuously produced by vascular
endothelial cells during pregnancy.'>#%4243 Williams et al.** measured
the effect of nitric oxide synthase inhibition on hand blood flow
during human pregnancy by venous occlusion plethysmography.
They suggested that basal hand blood flow increased significantly
during late pregnancy compared with that in the nonpregnant and
early pregnant women. In ovariectomized rats, administration of 17p
estradiol enhanced endothelium-dependent dilation in response to
acetylcholine in rats.*> We assessed a variable arterial response to the
high flow state during pregnancy. A previous study suggested that
mFMD was a complement to FMD in the overall assessment of
vascular function.!>!® Our study demonstrated that mFMD did not
significantly change throughout pregnancy, and there were no
significant differences between nulliparous and multiparous women.
We also showed that the Dinfl and Drep followed the same changes
during pregnancy, in which they increased from the first trimester to
the second trimester and were maintained into the third trimester.
We suggest that there is no difference in nitric oxide productive
capacity between nulliparous and multiparous women throughout
pregnancy.

The present study was not longitudinal. Therefore, we cannot
exclude the possibility that BP values may result from both
autonomic nervous activity and endothelial cell function during
pregnancy.

In this study, we made important clinical observations. We showed
that parity influences maternal hemodynamic and neurological
adaptations during pregnancy. Arterial stiffness and mFMD
remained approximately the same between nulliparous and multi-
parous women for each trimester. An in-depth study of the interac-
tions between maternal autonomic adaptation and hemodynamic
control during pregnancy can help clarify the detailed mechanisms
involved in the development and progression of preeclampsia.
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