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Abstract

We evaluated the relationship between blood pressure variability (BPV) and the development of hypertension during
pregnancy. A total of 4163 pregnant women with normal blood pressure (BP) before 20 weeks of gestation were included
in this study. The visit-to-visit blood pressure variability (VVV) was evaluated using the standard deviation (SD) of the
systolic BP taken three times during pregnancy at approximately 10, 20, and 30 weeks of gestation. The VVV gradually
decreased during pregnancy in normotensive subjects (SD: 7.2 +4.2 mmHg, 6.8 +3.9 mmHg, and 6.3 + 3.6 mmHg at 10,
20, and 30 weeks, respectively). However, the VVV of hypertensive subjects did not decrease (SD: 8.2 + 5.7 mmHg, 7.6 +
5.0 mmHg, and 8.3 +5.3 mmHg at 10, 20, and 30 weeks, respectively) and was significantly greater than the VVV of
normotensive subjects (p <0.001). The VVV was significantly higher in patients who developed hypertension, and
there was no decrease in VVV during pregnancy. Pregnancy complications were significantly increased in women with
higher VVV at 10 and 30 weeks. Therefore, increased VVV during pregnancy may be a predictor of poor pregnancy

outcomes.
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Introduction

Visit-to-visit blood pressure variability (VVV) is considered
an important cardiovascular risk factor, and evidence has
shown that the VVV is closely related to hypertension-
associated end organ damage, cardiovascular events, and
mortality [1]. The relationship may be explained by not
only the treatment-related factors [2] but also the sponta-
neous variation in biological and behavioral factors [3].
Age, sex, higher systolic blood pressure (BP) and pulse
pressure, and a history of a cardiovascular event increase
the VVV [4]. However, such results originate from studies
performed in hypertensive patients. The relationship
between VVV and clinical outcomes has not been precisely
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evaluated in pregnant women whose hemodynamic changes
are unique [5].

During pregnancy, profound changes occur in the
maternal hemodynamic system. Cardiac output and heart
rate increase, and systemic vascular resistance decreases.
Blood volume then begins to increase [6, 7]. The response
of the autonomic nervous system, which also changes
across gestation, further influences the maternal hemody-
namic system. With such changes, blood pressure (BP)
decreases until 20 weeks of gestation and then increases
until the end of pregnancy [8]. Therefore, BP variability is
expected to show a unique pattern during pregnancy and to
have a clinical impact on pregnancy outcomes. However,
BP variability during pregnancy has not been serially
assessed, and only limited data on short-term BP variability
without serial evaluation have been reported for pregnant
women [9-11].

This study evaluated the blood pressure variability in
pregnant women during three trimesters and the pregnancy
outcomes. We compared the VVV during pregnancy and
compared its characteristics between hypertensive and
normotensive women during pregnancy and its association
with pregnancy outcomes.
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Fig. 1 Description of the study
population and assessment of
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« SD and CV of SBPs of visits around each period become VVV in this period.

« The interval between visits in a period was not longer than 2 week.

Methods
Study population

We retrospectively investigated pregnant women who vis-
ited Cheil General Hospital and Women’s Healthcare
Center before 10 weeks of gestation and received antenatal
care until delivery between January 1, 2001, and December
31, 2010. We included patients who were diagnosed with
hypertension after 20 weeks of gestation and who had
sufficient BP data to evaluate VVV at three time points at
approximately 10, 20, and 30 weeks of gestation. Patients
were excluded if they were diagnosed with hypertension
before 20 weeks, experienced proteinuria before 20 weeks,
or had other pregnancy-related complications that could
influence pregnancy outcomes. For the control group, nor-
motensive pregnant subjects with sufficient BP data for
VVYV evaluation who received antenatal care at the same
hospital from January 1, 2008, to December 31, 2008, were
included (Fig. 1). Approval for this study was obtained from
the Institutional Review Board of Cheil General Hospital
(IRB number CGH-IRB-2011-79).

Data acquisition

Patient data including BP, age, body mass index before
pregnancy, body weight change during pregnancy, past
obstetric history, presence or absence of proteinuria at first
prenatal visit, other previous medical history, and maternal
and neonatal outcomes of the pregnancy were collected
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from medical records. The BP during antenatal visits was
measured using an automated oscillometric device in a
sitting position after at least 5 min of rest. Hypertension was
diagnosed as systolic BP > 140 mmHg or diastolic BP =90
mm Hg with (pre-eclampsia) or without (gestational
hypertension) proteinuria of 214 by dipstick test or 2300
mg/day by 24-h urine study, kidney or liver dysfunction,
thrombocytopenia or edema [12]. We recorded the delivery
methods and the development of placental abruptio, preterm
labor, pulmonary edema, deep vein thrombosis, pulmonary
thromboembolism, hemolysis, elevated liver enymes,
and low platelets syndrome, heart failure, and maternal
death to evaluate maternal complications [13]. To evaluate
fetal complications, we recorded 1-min and 5-min Apgar
scores, birth weight, the presence of meconium in the
amniotic fluid, respiratory distress syndrome, and fetal
death.

Blood pressure variability

The VVV was evaluated three times at approximately 10,
20, and 30 weeks of gestation. To acquire the VVV, three
BP measurements obtained on different visits at each of the
time points were used if the interval between visits was less
than 2 weeks. The VVV was determined by calculating
the standard deviation (SD) of systolic BPs. Considering the
possible influence of absolute BP values on the VVV, the
coefficient of variation (CV) was calculated using the fol-
lowing formula: SD/mean systolic BP at each week x 100
(%) (Fig. 1).
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Statistical analysis

Data are expressed as the means + standard deviation (SD)
for continuous variables and the number (%) for categorical
variables. The differences between groups for the con-
tinuous variables were compared using the independent #-
test. To control for different conditions in the normotensive
and hypertensive subjects, 1:1 propensity score matching
analysis was used. We estimated the propensity score for
each patient using a logistic regression model that included
the following variables: age, body mass index, weight
gain, parity, and presence of multiple pregnancies.
The propensity score model was well calibrated
(Hosmer-Lemeshow goodness-of-fit test, p =0.168) with
good discrimination (c-statistic =0.754). The differences
between groups in the categorical variables were compared
using chi-square tests. The changes in BP and VVV at 10,
20, and 30 weeks of gestation were compared using repe-
ated measures analysis of variance. The differences in VVV
between normotensive and hypertensive subjects at each
time point were analyzed using the independent r-test. A
logistic regression analysis was performed to examine the
association between the VVV divided by its median value at
each time point and pregnancy outcome. The least square
(LS) means of the VVV were compared between the pre-
sence and absence of maternal and fetal pregnancy com-
plications at each time point of the pregnancy after adjusting
for age, body weight before pregnancy, weight gain during
pregnancy, and mean systolic blood pressure for each
gestational age in our logistic regression model. A p-value
<0.05 was considered statistically significant. For database
management and statistical analysis, we used Statistical
Analysis System (SAS) software, version 9.3 (SAS Insti-
tute, Cary, NC, USA).

Results
Baseline characteristics

Among the 2231 hypertensive subjects who received
antenatal care at our center during the study period, 484
patients had sufficient BP data to evaluate the VVV at all
three time points. For the control group, of the 6700 nor-
motensive subjects identified in our initial review of records,
3679 patients were included. They were 32.6 + 3.5 years of
age and weighed 55.2 + 8.2 kg before pregnancy. The body
mass index before pregnancy was 21.2 +3.0 m/kg’.

The mean gestational age at hypertension onset was 34.5
+ 6.9 weeks. The subjects with hypertension were younger
than the normotensive subjects (p <0.001); however, the
hypertensive patients had higher values of body weight (p <
0.001), body mass index before pregnancy (p < 0.001), and

weight gain during pregnancy (p <0.001). The gestational
age at delivery was 39.1 + 1.4 weeks in all patients. How-
ever, the gestational age was 39.3 + 1.3 weeks in normo-
tensive women and 38.1+1.9 weeks in hypertensive
patients (p <0.001). Development of complications during
pregnancy was more frequent in hypertensive patients (p <
0.001). These differences were adjusted using 1:1 pro-
pensity matching considering age, height, body mass index,
weight gain, parity, and presence of multiple pregnancies to
evaluate the differences in systolic and diastolic blood
pressure and the VVV between patients with and without
developing hypertension during pregnancy (Table 1).

Blood pressure change during pregnancy

At 10 weeks, the systolic BP was 114.3 + 10.3 mmHg, and
the diastolic BP was 66.2 +7.7 mmHg. At 20 weeks, the
systolic and diastolic BPs were 113.1+10.2 mmHg and
64.8 + 7.3 mmHg, respectively; at 30 weeks, the systolic
and diastolic BPs were 115.4 + 10.4 mmHg and 67.2+7.7
mmHg, respectively, in normotensive women. The BP
significantly decreased at 20 weeks and then increased at
30 weeks. However, in hypertensive subjects, decreases in
systolic and diastolic BPs at approximately 20 weeks were
blunted, and the increase in BP at 30 weeks was augmented.
The systolic and diastolic BPs were significantly higher in
the hypertensive subjects than in the normotensive subjects
throughout pregnancy even during the period before the
development of hypertension (p <0.001 in systole and
diastole at 10, 20, and 30 weeks), and these differences
were still significant after the 1:1 propensity score matching
adjustment for differences in baseline characteristics
between groups at all periods (Table 1, Fig. 2).

Visit-to-visit blood pressure variability changes
during pregnancy

Irrespective of absolute BP values, VVV parameters, SD
and CV gradually decreased for the normotensive subjects
(SD, 7.2+42mmHg, 6.8+3.9mmHg, 6.3+3.4 mmHg,
p<0.001 at 10, 20, and 30 weeks, respectively; CV, 6.4 +
3.8%, 6.0+3.5%, 5.5+3.2%, p<0.001 at 10, 20, and
30 weeks, respectively), and these reductions were still
significant after adjusting for systolic BP. In contrast, the
VVV was not changed throughout pregnancy in the
hypertensive subjects (SD, 8.2+5.7mmHg, 7.6+5.0
mmHg, 8.3 +5.3 mmHg, p =0.062 at 10, 20, and 30 weeks,
respectively; CV, 6.7 +4.4%, 6.3 +4.2%, 6.5+4.0%, p =
0.278 at 10, 20, and 30 weeks, respectively). Pattern
changes in VVV between normotensive and hypertensive
subjects were significantly different (p <0.001 for SD and
p =0.001 for CV). Additionally, VVV presented as the SD
was significantly higher in the hypertensive patients than in
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Fig. 2 Systolic and diastolic 1507
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the normotensive subjects throughout pregnancy (p < 0.001
for all periods), and VVV presented as the CV was sig-
nificantly higher at 30 weeks (p =0.170, p =0.242, and
p<0.001 at 10, 20, and 30 weeks of gestation, respectively;
Fig. 3). The difference in VVV between normotensive and
hypertensive subjects at 30 weeks was still significant after
adjusting for age, body weight before pregnancy, weight
gain during pregnancy, and systolic BP (p <0.001 for both
the SD and CV). Moreover, propensity score matching did
not change the difference in VVV between normotensive
and hypertensive subjects (Table 2).

Visit-to-visit blood pressure variability and
pregnancy outcomes

Finally, we evaluated the influence of VVV at each time
point on pregnancy outcome. We divided all subjects into 2
groups by the VVV (the median value), and the develop-
ment of maternal and fetal complications was compared
between groups. We found that the patient group with
increased VVV at 10 weeks and 30 weeks of gestation
showed significantly worse pregnancy outcomes. In patients
with a VVV (by SD) over 5.86 mmHg at 30 weeks,
maternal and/or fetal complications occurred in 346 (16.8%)
patients; for patients with a VVV under 5.86 mmHg (by
SD), there were 287 (13.7%) patients with complications.
Patients with a VVV over 5.86 were more likely to have
maternal and/or fetal complications (OR, 1.25; 95% con-
fidence interval, 1.05-1.49; p=0.012) (Table 3). The
influence was much greater when the influence of the VVV
was evaluated only among hypertensive patients with an
odds ratio of 1.53 (95% confidence interval, 1.04-2.26; p =
0.031 by SD at 30 weeks of gestation). The VVV was also
significantly greater in the group of patients with maternal
and/or fetal complications (Fig. 4).

12 18 20 22 28 30 32

Discussion

We evaluated the characteristics of VVV during pregnancy
and investigated the difference in VVV between normo-
tensive and hypertensive patients during pregnancy and the
relationship between VVV and pregnancy complications.
The VVV gradually decreased in the normotensive women
during pregnancy; however, the VVV did not change sig-
nificantly in the subjects with hypertension. The VVV was
significantly higher in the hypertensive pregnant patients
than in the normotensive pregnant subjects. The pregnancy
outcomes were also worse in patients with increased VVV.
Maternal hemodynamics begin to change within 5 weeks
of gestation. First, heart rate increases from 5 weeks of
gestation. Systemic vascular resistance decreases at 5 weeks
and reaches its peak level at approximately 20 weeks [14],
which causes an increase in stroke volume. The blood
volume also increases from 4 weeks to 34 weeks of gesta-
tion. With these changes, cardiac output increases up to
45% until 24 weeks of gestation and then reaches a plateau
[7, 15, 16]; this increase in cardiac output is accompanied
by structural changes including enlargements of the left
ventricle and its apparatus [6]. These changes may influence
the absolute BP value and BP variability during pregnancy.
In our study, the VVV gradually decreased throughout
pregnancy in patients with normal BP irrespective of the
absolute BP value. This downward trend may be associated
with changes in hemodynamic parameters that begin at
approximately 5 weeks of gestation, reach their peak in the
second trimester, and then achieve a static state.
Hypertension in pregnancy differs from primary hyper-
tension and has its own pathophysiology [5]. Although
metabolic factors such as hyperlipidemia and insulin resis-
tance contribute to endothelial dysfunction and influence
the development of pre-eclampsia [17, 18], the main
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Table 2 Comparison of blood

Lo Before matchin,
pressure variability between £

After matching

normotensive and hypertensive
subjects during pregnancy
before and after propensity score

matching SD

Normotensive Hypertensive p-value’ Normotensive Hypertensive p-value’
subjects (3679)  subjects (484) subjects (435) subjects (435)
10 week 7.2+4.2 82+5.7 <0.001 7.5+4.4 8.1+5.7 0.083
20 week 6.8+3.9 7.6+5.0 <0.001 6.8+3.8 74+5.0 0.047
30 week 6.3+3.6 83+53 <0.001 6.1+34 83+53 <0.001
p-valuet  <0.001 0.062 <0.001 0.023
CV 10 week 6.4+3.8 6.7+4.4 0.175 6.5+4.0 6.6+4.4 0.080
20 week 6.0+3.5 63+4.2 0.247 59+34 6.1+4.1 0.434
30 week 5.5+3.2 6.5+4.0 <0.001 53+£3.0 6.5+4.1 <0.001
p-value*  <0.001 0.278 <0.001 0.142

SD standard deviation, CV coefficient of variation

fComparison between normotensive and hypertensive subjects

*One-way repeated measures analysis of variance in each patients group

pathognomonic factors of hypertension in pregnancy are
believed to be cardiovascular maladaptation and vasocon-
striction due to abnormal placental vasculature. Placental
under perfusion causes the release of antiangiogenic factors
and other substances that can cause maternal endothelial
dysfunction [19]. Sympathetic overactivity in pre-eclampsia
may also influence hypertension and hemodynamic
instability. Such changes may also influence VVV. There-
fore, as BP increased before the diagnosis of hypertension,
VVV was increased in the patient group who finally
developed hypertension in which the association was weak
but significant. However, it is not clear whether VVV may
affect the development of hypertension or if hypertension
development may further affect the increase in VV'V.
Many studies evaluating BP variability in hypertensive
patients have concluded that increased BP variability con-
tributes to adverse cardiovascular outcomes of hypertension
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independent of absolute BP values [1]. The development of
cardiovascular damage due to hypertension and cardiovas-
cular mortality has been significantly related to increased
short-term and long-term BP variability [20, 21]. In the case
of short-term BPV, increased central sympathetic drive,
reduced cardiopulmonary reflex [22], humoral factors
[23, 24] and behavioral influence are considered to con-
tribute to its increase. In the case of long-term BP varia-
bility, although its pathophysiology has not been well
elucidated [25], increased arterial stiffness has been pro-
posed as one cause of increased long-term BP variability
among treated hypertensive patients with poorly controlled
BP [2].

In this study, we evaluated the VVV with relatively short
intervals of less than 2 weeks, which is much shorter than
visit intervals for nonpregnant patients with hypertension.
Considering that the hemodynamic condition continuously
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Table 3 Logistic regression of

.. - Unadjusted Adjusted
visit-to-visit blood pressure
variability (VVV) of each period Gestational age Median (IQR) OR  95%CI p-value OR  95%CI p-value
for the development of maternal
and fetal complication between 10 week SD (mmHg) 6.56 (4.16-9.54) 1.21 1.02-1.43 0.0306 1.21 1.02-1.44 0.0290
patients groups divided by CV (%) 5.78 (3.69-8.46) 120 1.02-1.43 00329 121 1.02-1.44 0.0314
median VVV values at each
period 20 week SD (mmHg) 6.25 (4.00-9.02) 1.06 0.90-1.26 04738 1.04 0.87-1.23 0.6783
CV (%) 5.56 (3.46-7.98) 1.05 0.89-1.24 0.5702 1.02 0.86-1.21 0.8159
30 week SD (mmHg) 5.86 (3.61-8.54) 1.27 1.07-1.51 0.0056 1.25 1.05-1.49 0.0122
CV (%) 5.07 (3.23-7.44) 1.20 1.01-1.42 0.0394 1.17 0.98-1.39 0.0750

VVV visit-to-visit blood pressure variability, /OR interquartile range, OR odds ratio, CI confidence interval,
SD standard deviation, CV coefficient of variation

*Adjusted, for patient age, body weight before pregnancy, weight gain during pregnancy, and mean systolic
blood pressure at each gestational age

Fig. 4 Blood pressure variability N - O Any compl@cat@on )
difference due to the presence of B Any complication (+)
maternal and fetal pregnancy 5
complications in each period of = < 7 p=0.019 <001
pregnancy; the patient age, body e p=0.106 p=0.251 p,—|'
weight before pregnancy, weight © 770 ] 1 p=0.799 p<.001
gain during pregnancy and mean o © - 725 6.817.02 I 7.35 —
systolic BP at each approximate o 6.38 6.65 - 6.05 6.09 6.35 6.07
gestational age were adjusted. ? | - - :
L » © 555
SD standard deviation (mmHg), o
CV coefficient of variation (%) _g—
o
o ¥
m
N —
o - b L J
SD(mmHg)  CV(%) SD(mmHg)  CV(%) SD(mmHg)  CV(%)
10wk 20wk 30wk

changes during pregnancy [8], the VVV at each time point
in this study may reflect the degree of BP oscillations at
different periods of gestation with gradual changes in vas-
cular resistance, heart rate, and blood volume. The sig-
nificant difference in VVV due to the presence of
hypertension and poor pregnancy outcome in this study
may also be related to endothelial dysfunction or sympa-
thetic overactivity, whose pathophysiology is similar to that
of nonpregnant patients with hypertension. However, nei-
ther drug adherence nor poor blood pressure control is
indicated as a reason for increased VVV in the pregnant
subjects in this study because most patients were diagnosed
with hypertension at approximately 34 weeks of gestation,
which is after the evaluation of the VVV at approximately
30 weeks. Moreover, there was no significant difference in
VVV between our patients who received antihypertensive
medications during pregnancy and those who did not. We
may have obtained more concrete results if we performed
24-hour ambulatory BP monitoring at each time point or
evaluated the day-to-day BP variability using home BP data

[26]. However, it is very difficult to perform ambulatory BP
monitoring three times during pregnancy in real life;
therefore, the longitudinal evaluation of short-term VVV
during pregnancy may be a valuable alternative.

This study has several limitations. First, we have no
reference value for the VVV in pregnant women as this is
the first known study to evaluate visit-to-visit BPV in
pregnant women. The BPV values in this study were not
very different from those of nonpregnant individuals
reported in previous studies. However, the BPV values for
women of the same ages as those in our study were not
available. Second, this is a retrospective study. Patients
were not regularly followed for BP measurements, and there
were variations in the interval between visits for each time
point and between patients. To minimize this variability, we
selected patients who performed BP evaluation with inter-
vals shorter than 2 weeks for each BPV evaluation. Third,
this was a single-center observational study performed in a
hospital that specialized in obstetrics and gynecology,
where the proportion of high-risk pregnant women is higher
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than that of the general population; this is the reason for the
higher mean age of the normotensive subjects compared to
the mean age of the hypertensive patients in this study. The
values of other parameters may not accurately represent
those of the general population.

Conclusion

VVV gradually decreased in the normotensive pregnant
women, whereas VVV in hypertensive patients did not
change during pregnancy and was greater than that of the
normotensive pregnant women. Additionally, VVV sig-
nificantly influenced pregnancy outcomes, especially in the
hypertensive patients. Therefore, serial assessment of the
VVV during pregnancy may be helpful for predicting
pregnancy outcomes.
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