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Summary

The objective of this study was to determine the association between blood pressure (BP) in early pregnancy and the development of
preeclampsia. Among 3,364 pregnant women who began perinatal care in their first trimester and were followed up until delivery, 3,003
healthy pregnant women were included after excluding 354 with comorbidities during pregnancy and seven with missing BP and pro-
teinuria data at follow-up. The mean values of systolic and diastolic BP measurements during the first trimester were retrieved from
electronic medical records. Mean BP (MBP) was calculated and plotted using the penalized smoothing spline method to analyze its as-
sociation with the development of preeclampsia. In the univariate analysis, increased MBP, twin pregnancy, and high body weight were
associated with increased odds for the development of preeclampsia; however, only increased MBP and twin pregnancy maintained
statistical significance in multivariate analysis. A MBP > 91 mmHg was associated with the development of preeclampsia [adjusted
odds ratio (OR) 2.60, 95% confidence interval (CI), 1.42-4.77, p = 0.002]. Increased BP during the first trimester in previously healthy
pregnant women was associated with the subsequent development of preeclampsia. This is the first study on the association between
BP in the early pregnancy period and the development of preeclampsia in healthy Korean pregnant women.
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Introduction

Hypertensive disorders occur in approximately 10% of
all pregnancies [1]. Approximately half (5-6%) of these dis-
orders can be classified as preeclampsia, either alone or su-
perimposed on chronic hypertension [1, 2]. Preeclampsia
is the most critical complication causing maternal mortality
and morbidity during pregnancy. In the United States, about
12% of maternal deaths between 1998 and 2005 were at-
tributable to preeclampsia or eclampsia [3].

Since preeclampsia is a progressive disorder, premature
delivery is mandatory in many cases. This preeclampsia-
related prematurity of newborns is known to result in poor
neonatal outcomes [4]. Therefore, the identification of risk
factors for the development of preeclampsia is essential to
reduce adverse pregnancy outcomes. Nulliparity, multifetal
gestation, maternal age, and obesity are well-known vari-
ables associated with the development of preeclampsia [5].

Several biomarkers related to preeclampsia have also
been identified, such as soluble fms-like tyrosine kinase 1,
[6-8] ADAMI12 [9], and pregnancy-associated plasma pro-
tein-A [10]. However, the predictive value of clinical data
and biomarkers is not sufficient to predict preeclampsia
[11] and screening beyond obtaining a previous medical
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history is not recommended according to the current guide-
lines set forth by the American College of Obstetricians and
Gynecologists’ Task Force on Hypertension in Pregnancy
(2013) [12]. Although the etiology of preeclampsia is still
unclear, so-called defective placentation and subsequent
vasoconstriction are accepted as key pathophysiological
mechanisms for the development of preeclampsia [1, 13-
15]. Hence, elevation of blood pressure (BP) caused by
vasoconstriction may occur even earlier than preeclampsia
is clinically diagnosed and thus may be an important sur-
rogate marker for subsequent preeclampsia. Therefore, the
present authors performed the current study to determine
whether mean BP (MBP) during the first trimester is asso-
ciated with preeclampsia development in healthy Korean
pregnant women.

Materials and Methods

Between 2003 and 2015, 3,364 pregnant women began perina-
tal care in the first trimester and gave birth at Seoul National Uni-
versity Bundang Hospital. The authors excluded 129 patients with
chronic hypertension, defined as systolic BP above 140 mm Hg
or diastolic BP above 90 mm Hg. They further excluded 225
women with one or more comorbidities defined by the criteria in
Table 1 [16-18]. An additional seven women were excluded from
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Table 1. — Definitions of comorbidities.
Comorbidity
Chronic hypertension

Definitions
(1) ICD-10 codes 1129, 110, 115, and
H3502 before index pregnancy or
(2) Use of anti-hypertensive drugs be-
fore index pregnancy or
(3) SBP >140 mm Hg two or more
times or DBP > 90 mm Hg two or
more times before 20 weeks of ges-
tation
(1) Single record of SBP > 140 mm Hg
chronic hypertension or DBP >9mm
Hg before 20 weeks of gestation or
(2) Mean SBP before 20 weeks of ges-
tation > 140 mm Hg or mean DBP
before 20 weeks of gestation > 90
mmHg, but not fulfilling criteria of
chronic hypertension
(1) ICD-10 codes E10-E14 before
index pregnancy or
(2) Use of insulin or oral glucose-low-
ering drugs before index pregnancy
Chronic kidney disease (1) ICD-10 code N18 before index
pregnancy
(2) Dipstick urine protein test results >
1+ two or more times before 20
weeks of gestation
(3) Biopsy-proven glomerulonephritis
before index pregnancy
Congestive heart failure ICD-10 codes 111, 113, and 150
Peripheral vascular disease 1CD-10 codes [71-74, and 177

Possible

Preexisting diabetes

Cerebrovascular ICD-10 codes 160 — 69, G45 — 46,

disease and G81 — G83

Chronic pulmonary disease ICD-10 codes J40-47, and J60-
J66

Connective tissue disorder ICD-10 codes M05 — M08, and M30
-M36

ICD-10 codes K25 — K28
Liver discase ICD-10 codes B18, 185, K70-76
Malignancy ICD-10 codes C00 — C96

ICD-10: International Classification of Diseases, 10" revision; SBP: systolic
blood pressure; DBP: diastolic blood pressure.

Peptic ulcer disease

the study due to missing BP and proteinuria data at follow-up, in-
hibiting a determination of the development of preeclampsia. Fi-
nally, the authors included 3,003 healthy pregnancy women in the
analysis (Figure 1). The study protocol complied with the Decla-
ration of Helsinki and received full approval from the Seoul Na-
tional University Bundang Hospital Institutional Review Board
(B-1508/310-105). The need for informed consent was waived
due to the retrospective nature of the study.

Demographic, physiologic, and laboratory data during the peri-
natal period were gathered from the hospital’s electronic medical
records database. Manual data verification was performed after
patient datasets were merged. In the prenatal care center, trained
nurses measured each patient’s BP and weight at every visit and
performed dipstick protein tests during visits after 20 weeks of
gestation. The earliest recorded weight during the first trimester
was used to calculate body mass index (weight [kg] per square of
height [m?]). BP was measured using an automated BP monitor
after at least five minutes of rest. If the measured BP was > 140

mm Hg systolic or > 90 mm Hg diastolic, the authors remeasured
and recorded the lower value as the clinical BP. The mean values
of the systolic and diastolic BP measurements during the first
trimester were retrieved, and the MBP, the main factor of interest
in this study, was calculated as follows: mean BP = diastolic BP +
(systolic BP-diastolic BP)/3. MBP was then divided into quartiles
for analysis: 1Q = < 77 mm Hg, 2Q=77-82 mm Hg, 3Q=82-87
mm Hg, and 4Q > 87 mm Hg. Hypertension was defined as two
or more instances of systolic BP> 140 mm Hg or two or more in-
stances of diastolic BP> 90 mm Hg. Gestational hypertension was
defined as the development of hypertension after 20 weeks of ges-
tation. New-onset proteinuria was defined by two or more in-
stances of dipstick urine protein test results > 1+ after 20 weeks
of gestation. Preeclampsia was defined as gestational hypertension
with new-onset proteinuria. Data were expressed as mean =+ stan-
dard deviation for continuous variables and as percentages for cat-
egorical variables.

P-trend was analyzed by a linear-term of one-way analysis of
variance (ANOVA) for continuous variables and by a linear-by-
linear association for categorical variables. Differences were an-
alyzed by Bonferroni post-hoc analysis of one-way ANOVA for
continuous variables and chi-squared tests for categorical vari-
ables. Odds ratio (OR) and its 95% CI were calculated by logistic
regression analysis. A p value of < 0.05 was considered statisti-
cally significant. In multivariate analysis, covariates were chosen
based on clinical relevance [5, 19].

The relationship between MBP during the first trimester and
preeclampsia development was plotted with the penalized smooth-
ing spline method using the ‘pspline’ package in the R statistics
software (version 3.03). All other analyses were performed using
SPSS Statistics software.

Results

The mean age of the study population was 32.5 years,
and 66.4% of women were nulliparous and 8.7% had a twin
pregnancy. The mean values of systolic and diastolic BP
during the first trimester were 114.7 mm Hg and 65.1 mm
Hg, respectively. Consequently, the mean MBP was 81.6
mm Hg. A total of 479 (16.0%) women experienced gesta-
tional hypertension during their pregnancy, of whom 64
(2.1%) were finally diagnosed with preeclampsia.

The authors analyzed the clinical characteristics of the
study population by MBP quartile (Table 2). As MBP in-
creased, the proportions of nulliparous and twin pregnan-
cies increased. The mean MBP values per quartile were as
follows: 73 mm Hg in 1Q, 79.6 mm Hg in 2Q, 84.4 mm
Hg, and 91.4 mm Hg in 4Q. Patient weight was positively
associated with MBP quartile, unlike patient height, which
was not associated with MBP. Additionally, the authors per-
formed a logistic regression analysis to identify risk factors
for developing preeclampsia (Table 3). In the univariate
analysis, increased MBP, twin pregnancy, and increased
weight were associated with increased odds of preeclamp-
sia development; however, only increased MBP and twin
pregnancy maintained statistical significance in the multi-
variate analysis.

The authors further explored the relationship between
MBP quartile and preeclampsia development (Figure 2).

In the analysis, the odds of developing preeclampsia were
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Figure 1. — Flowchart
of the study population.

Table 2. — Clinical characteristics of the study population according to quartile of mean blood pressure during the first

trimester.

Quartile of MBP

1Q (n = 823) 2Q (n="771) 3Q (n="719) 4Q (n = 690) p-trend
Age (years) 324+37 323+£3.5 324+3.6 32.8+4.0 0.017
Nulliparity 63.2 65.9 69.0* 68.1* 0.018
Twin pregnancy 7.4 7.1 7.6 13.0%* <0.001
SBP (mm Hg) 104.1 £6.0 112.1 £5.4* 1182 £5.2% 126.5+6.7* <0.001
DBP (mm Hg) 57.4+3.8 63.3 +3.0* 67.5+£2.7* 73.9 £ 4.6* <0.001
MBP (mm Hg) 73.0+£3.2 79.6 + 1.4* 84.4 +1.4* 91.4+3.9* <0.001
Height (cm) 160.5£4.9 161.0£5.1 160.8 £5.1 161.1+£5.3 0.061
Weight (kg) 53.0+5.8 55.0 £6.7* 56 + 7.4% 58.7 £9.2% <0.001
BMI (kg/m2) 20.6 £2.1 21.2+£2.4* 21.7+2.8% 22.6 £3.4% <0.001

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; BMI: body mass index. Values are expressed as mean + standard
deviation for continuous variables and percentage for categorical variables. P-trend was analyzed by a linear-term of one-way ANOVA for normally distributed
continuous variables and a linear-by-linear association for categorical variables. *p < 0.05 when compared to 1Q of MBP using Bonferroni post-hoc
analysis of one-way ANOVA for normally distributed continuous variables and chi-square test for categorical variables.

Table 3. — Risk factors for the development of preeclampsia.

Univariate Multivariate

OR (95% CI) ) OR (95% CI) )
MBP (mm Hg) 1.08 (1.04-1.11) <0.001 1.07 (1.03-1.10) <0.001
Age (years) 1.02 (0.96-1.09) 0.530 1.00 (0.93-1.07) 0.905
Nulliparity (yes vs. no) 1.20 (0.70-2.07) 0.504 1.00 (0.55-1.80) 0.995
Twin pregnancy (yes vs. no) 4.34 (2.48-7.60) <0.001 3.92 (2.19-7.03) <0.001
Height (cm) 1.00 (0.95-1.05) 0.971 0.98 (0.93-1.04) 0.528
Weight (kg) 1.03 (1.01-1.06) 0.020 1.02 (0.99-1.05) 0.241

OR: odds ratio; CI: confidence interval; MBP: mean blood pressure. OR and its CI were calculated using logistic regression analysis.
In multivariate analysis, all above variables were chosen as covariates. The reference of continuous variables was per 1 unit increase.

only statistically significant in comparing 4Q vs. 1Q (OR liparity, twin pregnancy, height, and weight. Increased age,
2.92, p=0.012), suggesting a non-linear relationship. This ~ nulliparity, decreased height, and increased weight were all
relationship was confirmed by using penalized smoothing  associated with increased odds of MBP>91 mm Hg (Table

splines (Figure 3). The odds of developing preeclampsia  4).
were increased from MBP of 91 mm Hg. The OR of MBP
> 91 mm Hg for the preeclampsia development was 2.60
(95% CI1 1.42-4.77, p = 0.002) after adjusting for age, nul-
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Table 4. — Factors associated with high mean blood pressure.

Univariate Multivariate

OR (95% CI) ) OR (95% CI) )
Age (years) 1.06 (1.02-1.09) 0.001 1.05 (1.01-1.08) 0.011
Nulliparity (yes vs. no) 1.04 (0.81-1.34) 0.751 1.33 (1.01-1.77) 0.043
Twin pregnancy (yes vs. no) 1.51 (1.04-2.19) 0.031 1.39 (0.94-2.05) 0.098
Height (cm) 1.00 (0.97-1.02) 0.840 0.96 (0.94-0.99) 0.002
Weight (kg) 1.07 (1.05-1.08) <0.001 1.07 (1.06-1.09) <0.001

OR: odds ratio; CI: confidence interval; MBP: mean blood pressure. High mean blood pressure was defined as mean blood pressure > 91 mmHg. OR and its
CI were calculated using logistic regression analysis. In multivariate analysis: all above variables were chosen as covariates. The reference of continuous variables

was per 1 unit increase.

Discussion

According to the current study, MBP during the first
trimester in previously healthy women was independently
associated with the development of preeclampsia in a non-
linear fashion, after adjusting for age, nulliparity, twin preg-
nancy, height, and weight. A few studies conducted during
the 1980s and early 1990s reported that BP during the sec-
ond trimester was significantly associated with preeclamp-

sia [20-22]. Using AUROC analysis, Conde-Agudelo ef al.
suggested that the best cutoff points of mean arterial BP for
preeclampsia at 20, 26, and 31 weeks of gestation were 81,
85, and 89 mm Hg, respectively [23]. However, the use of
these data values is inappropriate because BP after 20
weeks of gestation is a diagnostic criterion of [12], not a
predictive factor. Furthermore, elevated BP before 20
weeks of gestation has consistently been suggested to be a
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risk factor for preeclampsia in healthy nulliparous women
[11, 24]. For example, Sibai ef al. analyzed 4,314 healthy
nulliparous women who participated in the Calcium for
Preeclampsia Prevention Study Group [25]. After adjusting
for various confounding factors, systolic BPs ranging from
101 to 119 mm Hg and 120 to 136 mm Hg were associated
with an increased risk of preeclampsia [adjusted ORs, 1.93
(95% CI, 1.37-2.72) and 2.66 (95% CI, 1.66-4.26), respec-
tively] compared to systolic BP below 101 mm Hg. A sim-
ilar finding was also observed among overweight
nulliparous women [26]. However, these studies did not
further explore the possibility of a non-linear association
between BP and preeclampsia.

Thus, the present authors divided MBP into quartiles to
further analyze the association between MBP and
preeclampsia development. Compared to the first quartile,
the risk of developing preeclampsia was only statistically
significant in the fourth quartile for MBP, suggesting a non-
linear association.

In a study by Odegard ef al., systolic BP before 18 weeks
of gestation was significantly associated with a subsequent
risk of preeclampsia (p < 0.0001), but the statistical signif-
icance was only valid in groups with systolic BPs ranging
from 120 to 129 mm Hg and greater than or equal to 130
mm Hg, but not with a systolic BP between 110 and 119
mm Hg [27]. However, the authors did not further explore
the possibility of a non-linear relationship.

In the present study, the authors used penalized smooth-
ing splines to confirm the non-linear association between
MBP and preeclampsia development. With visual inspec-
tion, the risk of preeclampsia development increased when
MBP increased beyond 91 mm Hg, which was similar to
the mean of the highest MBP quartile. The current study
has several strengths. First, to the present authors’ knowl-
edge, this is the first study on the association of BP in the
early pregnancy period with the development of preeclamp-
sia in Asian women. Second, the results are easily applica-
ble to the clinic, especially considering that BP
measurements are already a part of routine practice in pre-
natal care. According to the present study results, a woman
with an MBP greater than or equal to 91 mm Hg during the
first trimester has a 2.60-fold greater risk of the subsequent
development of preeclampsia. Therefore, clinicians can
warn such patients regarding the increased risk of
preeclampsia, and they can recommend frequent BP checks
at home and more frequent clinic visits for timely interven-
tion. Third, the present results can be used as inclusion cri-
teria for the future preeclampsia study.

Along with known risk factors, [13] elevated BP is usu-
ally included in patient selection [28]. However, the level
of “BP elevation” is quite ambiguous and arbitrary, thus
weakening the overall study results. The present authors
suggest that this study’s results may serve as a guide for
simple patient selection in such studies. Finally, the missing
study variable rates were low and the sample size was large

in this study. However, it also has several limitations. First,
the authors used BP measured by an automated BP monitor,
not a mercury sphygmomanometer. However, they assume
this had little impact on the study results, because BP mea-
sured by an automated BP monitor was shown in a previous
study to predict maternal and fetal outcomes, as well as BP
measured by sphygmomanometer did [29]. Thus, the con-
cordance of the results of the current study with those of
previous studies using a sphygmomanometer supports the
present authors’ assumption. Second, the study was retro-
spective in nature, which limits the ability to infer direct
causal relationships from the study results. Moreover, no
blood specimens were available for the measurement of
supporting biomarkers. Finally, the homogenous Asian eth-
nicity of the study population could limit the generalizabil-
ity of the results. However, this may also be a strength,
considering Asian women have been poorly represented in
most previous studies on the association between BP and
preeclampsia, and to date, no other preeclampsia studies
solely involving Asian women have been completed. In
conclusion, increased MBP during the first trimester was
associated with the subsequent development of preeclamp-
sia, but the association was non-linear. Because women
with an MBP above about 90 mm Hg during the first
trimester are at higher risk for preeclampsia, clinicians need
to care for them more intensively. Future prospective stud-
ies are needed to confirm this study’s results.
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