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Blood pressure measurements within the JNC7
pre-hypertensive range after 32 weeks of gestation
are a risk factor for decreased fetal growth
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Pre-hypertension (pre-HT) is defined by
either a systolic blood pressure (SBP) between
130 and 139mmHg or a diastolic blood
pressure (DBP) between 80 and 89mmHg
by the seventh report of the Joint National
Committee on Prevention (JNC7). The JNC7
definition of pre-HT does not, however,
address pregnant women.1

Fetal growth restriction (FGR) is an impor-
tant clinical problem that is known to lead to
adverse perinatal outcomes including still-
birth and unexplained fetal death. Although
pregnancy-induced hypertension (PIH) is
associated with FGR, FGR also occurs in
B8–14% of women without hypertensive
disorders.2,3 Little is known regarding
whether pre-HT range pressures impact preg-
nancy outcomes in the absence of PIH.4 In
this context, blood pressure (BP) in the pre-
HT range may be a risk factor for FGR. To
clarify this hypothesis, we investigated the
relationship between a pre-HT-range BP
after 32 weeks of gestation (GW) and fetal
growth.
The patients in the study had referral and

follow-up visits to the Kyushu University
Hospital, between January 2008 and March
2010. The gestational age was confirmed by
sonographic fetal measurements during the
first trimester. This study was approved by
the Institutional Review Board. The subjects
were Japanese women and were recruited
before 20GW and all provided informed
consent. Only women who delivered after
34GW were included. Patients were also
excluded if they had a diagnosis of any
hypertension or pre-eclampsia during preg-
nancy, gestational or pre-existing diabetes
mellitus, thyroid disorders, active collagen
disease, liver or renal dysfunction, placenta
previa, uterine malformations or fetal serious

malformations and chromosomal aberra-
tions. Women who smoked or who regularly
consumed alcohol during pregnancy were
also excluded. Finally, 474 women were
enrolled. Measurements of BP and the diag-
nosis of pre-eclampsia were performed were
based on the criteria of the American College
of Obstetricians and Gynecologists.5 The sub-
jects were classified into one of two groups,
control (SBP o130 and DBP o80mmHg
(n¼403) and Pre-HT (SBP 130–139 and/or
DBP 80–89) (n¼71) at after 32GW based on
JNC7 pre-hypertensive definition for non-
pregnant adults.1 The deviation from the
standard birth weight was calculated using
the formula derived from normal values for
the Japanese population.6 Statistical analyses
were performed using the unpaired t-test,
Mann–Whitney test, and w2-test, a multivari-
ate analysis. P-values o0.05 were considered
significant.
We performed a retrospective chart review

on recorded maternal demographic charac-
teristics (Table 1). There were statistically
significant differences in the ratio of neonatal
birth weight and the deviation from standard
birth weight and the percentage of small
for gestational age (SGA) for the control
and pre-HT groups. There were statistically
significant differences between the control
and Pre-HT groups in terms of the early
pregnancy SBP and DBP, and the maternal
serum UA level. Then we performed a multi-
variate analysis for predictors of SGA
(o�2s.d.), which included the maternal BP
and body mass index (BMI) at early and late
pregnancy (Table 2). Of these, BMI at early
pregnancy and DBP after 32 weeks were
significant predictors of SGA. In contrast,
BMI at late pregnancy was a negative pre-
dictor of SGA.

In this study we investigated the impact
of maternal BP in the pre-HT range after
32GW on perinatal outcome, and produced
the following notable findings. Women in the
pre-HT group had significantly higher
mean SBP and DBP readings in early preg-
nancy compared with the control group.
Additionally, their serum UA levels
were higher. DBP after 32 weeks and maternal
BMI early in pregnancy were both predictors
of SGA in a multivariate analysis. Pregnancy
outcomes, however, between the pre-HT
group and the control group were similar.
In all, two studies have alluded to a possible

relationship between FGR and elevated blood
pressure still within clinically normotensive
levels during late pregnancy.7,8 Churchill
et al.7 found that 5mmHg increases in mean
24h DBP at 28 and 36GW were associated
with 68 and 76 g decreases in birth weight,
respectively. The associations between ambu-
latory SBP and indices of fetal growth, how-
ever, were weak and inconsistent. The
ambulatory blood pressure at 18GW did not
predict fetal growth. The study also showed a
continuous inverse association between fetal
growth and maternal BP, over the levels seen in
a normal pregnancy.8 Tranquilli et al. reported
that women with idiopathic FGR had higher
mean DBP and SBP levels on 24-h ambulatory
BP monitoring than controls, although these
levels were still in the normotensive range.9 In
all these earlier studies, BP was measured by
24-h ambulatory recordings, whereas we mea-
sured BP at a routine clinic visit. Despite this
difference, our results were very similar to the
previous reports. As it is difficult to incorpo-
rate 24-h ambulatory BP recordings into the
normal clinical practice, the finding of an
increase in DBP at a routine visit should
prompt additional blood pressure monitoring
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Table 1 Clinical profiles and outcomes of subjects

Normotensive range,

SBPo130 and DBPo80

Pre-hypertensive range, 130oSBPo140 and/or

80oDBPo90 range P values

Maternal profile N¼403 N¼71

Maternal age 31.3±4.6 31.4±4.6 0.40

Maternal height (cm) 158.4±5.4 158±5.2 0.29

Gravidity* 1 (0–7) 1 (0–7) 0.61

Parity* 1 (0–5) 0 (0–5) 0.37

Nullipara** 191 (47.40%) 39 (54.9%) 0.25

GW at delivery (w)* 38.3 (34.3–41.9) 38.3 (34.1–41.9) 0.90

CS** 132 (32.80%) 21 (29.6%) 0.68

Perinatal outcome N¼403 N¼71

Birth weight (g) 2860±421 2765±605 0.03

Deviation from standard birth weight (s.d.) 0.11±1.11 �0.27±1.5 0.01

SGA(o�2.0s.d.)** 15 (3.7%) 8 (11.3%) 0.01

Male** 203 (50.4%) 35 (49.3%) 0.90

APGAR (5min)* 9 (1–10) 9 (8–10) 0.54

Low APGAR(o7)** 6 (1.5%) 0 (0.0%) 0.60

Cord blood pH 7.3±0.07 (N¼391) 7.29±0.07 (N¼68) 0.73

Acidosis(o7.2)** 36 (9.4%) 7 (10.3%) 0.82

Before 20 weeks N¼403 N¼71

BMI 21.4±3.1 22.1±3.3 0.12

SBP (mmHg) 109±11 118±11 o 0.001

DBP (mm Hg) 61±9 67±10 o 0.001

GW at measurement (w)* 16.3 (7.6–19.9) 16.1 (9.3–19.9) 0.84

32 weeks onwards N¼403 N¼71

BMI 24.3±3.3 25.6±3.3 0.055

SBP (mmHg) 113±10 129±7 NE

DBP (mm Hg) 66±8 79±5 NE

GW at measurement (w)* 37.3 (33–41) 37.3 (32.4–41) 0.7

Weeks to delivery 1.03±0.6 0.99±0.58 0.61

Maternal blood sampling N¼148 N¼33

Creatinine (mgdl�1)* 0.47 (0.29–0.87) 0.52 (0.36–0.8) 0.062

Uric acid (mg dl�1)* 4.1 (0.5–7.6) 4.9 (3–7.5) o0.01

GW at sampling (w)* 36.6 (34.1–41.3) 36.4 (33.1–41.9) 0.49

Weeks to delivery 0.89±0.8 0.99±0.58 0.35

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; GW, weeks of gestation; SBP, systolic blood pressure; SGA, small for gestational age.
Data are expressed as either the mean±s.d., *median (range) or ** number of cases (%). The P-values for the comparison between normotensive vs. pre-HT levels were calculated using either the
unpaired t-test, *Mann–Whitney test, **w2-test (GraphPad Prism 5, GraphPad Software, CA, USA). P-values o0.05 were considered significant. Gray shaded values showed statistically significance.

Table 2 Multivariate analysis for SGA(o�2s.d.)

Odds ratio 95% Confidence interval P-value

Before 20 weeks

BMI 2.04 (1.33–3.11) o0.001

SBP 1.00 (0.94–1.06) 0.99

DBP 1.01 (0.95–1.08) 0.73

32 weeks onwards

BMI 0.38 (0.25–0.59) o0.001

SBP 0.99 (0.93–1.05) 0.70

DBP 1.09 (1.01–1.17) 0.03

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; SGA, small for gestational age.
Multivariate analysis of six predictors of SGA (deviation from mean birth weight o�2.0) was performed using EXCEL Tokei 2010 -in Japanese (Shakai Joho Service, Tokyo, Japan). P-values o0.05
were considered significant. Gray shaded values showed statistically significance.
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and if persistent, further assessment of fetal
growth.
BMI was a significant predictor of SGA in

the multivariate analysis. Interestingly, an
elevated BMI in early pregnancy was a risk
factor for decreased fetal growth, whereas an
increased BMI in late pregnancy protected
against SGA. The reason for this effect remains
unclear as maternal BMI and fetal body weight
have an established positive correlation.9 These
findings may indicate that an increased BMI in
early pregnancy may be a risk factor for later
DBP elevation, or alternatively, other interact-
ing factors may be involved. The significance
of an isolated UA elevation is unclear. Several
observations suggest that serum UA level is a
measurable indicator of underlying oxidative
stress.10 In this study, maternal serum UA
levels were increased significantly in the pre-
HT patients. Taken together, these findings
suggest that oxidative stress may be present
even in the absence of PIH.
A larger prospective study is necessary to

confirm the relationship between pre-HT-
range blood pressures, fetal growth and
adverse perinatal outcomes, because this
study is a retrospective and observational

study from a single institution with the sub-
jects all being Japanese women.
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