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ABSTRACT

Objective Previous studies suggested mean arterial
pressure (MAP) had moderate predictive values in the first
and second trimesters for the prediction of preeclampsia.
However, the performance of MAP in Asian women is still
unclear. The objective of this study was to examine the
predictive values of MAP in Asian population throughout
gestation, and to compare the performance of MAP,
angiogenic factors and uterine artery Doppler in the
prediction of preeclampsia.

Design A prospective cohort study.

Setting KK Women’s and Children’s Hospital, Singapore.
Participants A total of 926 women with singleton
pregnancy less than 14 weeks of gestation were

included in the prospective Neonatal and Obstetrics Risks
Assessment cohort between September 2010 and October
2014. Maternal blood pressure levels, uterine artery
pulsatility index (UtA-Pl), serum soluble fms-like tyrosine
kinase 1 (sFlIt-1), placental growth factor (PIGF) and sFit-1/
PIGF ratio were measured at 11-14, 18-22, 28-32 and 34
weeks onward, respectively.

Primary and secondary outcomes Preeclampsia was
the main pregnancy outcome.

Results A total of 20 women developed preeclampsia,
who had significantly lower levels of PIGF, higher levels

of sFIt-1/PIGF ratio and MAP throughout pregnancy than
women without preeclampsia. Compared with angiogenic
factors and UtA-PI, MAP had significantly higher area
under the receiver operating characteristic curves (AUCs)
for predicting preeclampsia and term preeclampsia
throughout gestation. For predicting preeclampsia, MAP
had AUCs of 0.86 (95% Cl 0.78 to 0.95), 0.87 (95% Cl
0.80 to 0.95) and 0.91 (95% CI 0.85 t0 0.98) at 11-14,
18-22 and 28-32 weeks, respectively. For predicting term
preeclampsia, MAP yielded AUCs of 0.87 (95% Cl 0.75 to
0.99), 0.87 (95% CI 0.76 to 0.98) and 0.90 (95% CI 0.80 to
0.99) at 11-14, 18-22 and 28-32 weeks, respectively. For
predicting preterm preeclampsia, the performance of MAP
and PIGF was similar.

Conclusion MAP is a good predictor for preeclampsia,
especially term preeclampsia, in Asian women.

INTRODUCTION

Preeclampsia, along with other hyperten-
sive disorders of pregnancy, is one of the
leading causes of maternal death in both
developed and developing countries every
year, complicating 2%-8% of pregnancies." >

,'® Nurul Syaza Razali,® Bernard Chern,® Kok Hian Tan®

Strengths and limitations of this study

» This study was based on a well-performed prospec-
tive cohort in Asian population with standard proto-
cols on measurements of maternal blood pressure,
circulating angiogenic factors and uterine artery
Doppler throughout gestation.

» The performance of mean arterial pressure, angio-
genic factors and uterine artery Doppler for predict-
ing preeclampsia was assessed and compared by
the area under the receiver operating characteristic
curve.

» The effect of white coat hypertension and relatively
low incidence of preeclampsia in this cohort might
impact the performance of biomarkers in predicting
preeclampsia.

Early identification of women at risk can facil-
itate prenatal surveillance and manage-
ment. Currently, risk factors from maternal
demographic characteristics and medical
history are used to identify women at high
risk of developing preeclampsia.” * However,
maternal risk factors alone only predicted
one third of cases.”

The published screening approaches
showed that the first-trimester combined test
using Bayes theorem to combine a priori risk
from maternal characteristics and medical
history with biomarkers, could increase the
detection rate of preeclampsia, especially the
preterm preeclampsia.’” However, the perfor-
mance of the combined test for prediction of
preeclampsia was poor in Asian population.®?
Besides, resources of placental growth factor
(PIGF) measurement and uterine artery
Doppler might be limited in some devel-
oping areas. Hence, evaluation of maternal
risk factors and blood pressure measurement
could be a pragmatic approach to identify
women at risks."

Previous studies suggested a moderate
predictive value of mean arterial pres-
sure (MAP) in the first and second trimes-
ters.'" ' But various blood pressure
measurement protocols were carried out
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in these studies and most of the study population were
Caucasian. Lower MAP and PIGF levels in Asian women,
alongside with lower incidence of preeclampsia, may
influence the efficiency of predictive models.” ' It is still
unclear regarding the predictive value of MAP in the first,
second and third trimesters for predicting preeclampsia
in Asian women, and how the performance of MAP is in
comparison with angiogenic factors and uterine artery
Doppler. Thus, we used data from a prospective cohort
study to evaluate the performance of MAP in predicting
preeclampsia in Asian population, and to compare the
performance of predictors during pregnancy.

MATERIALS AND METHODS

Study population

The Neonatal and Obstetrics Risks Assessment (NORA)
study was a prospective cohort conducted at the KK
Women’s and Children’s Hospital in Singapore between
September 2010 and October 2014." Singleton preg-
nancies less than 14 weeks of gestation were recruited
during the study period. The exclusion criteria were
multiple gestations, chronic medical conditions such as
renal disease or systemic lupus erythematosus and preg-
nancies complicated by aneuploidy or fetal anomaly.
Gestational age was confirmed from the fetal crown-rump
length. Detailed interviews, biophysical measurements,
ultrasound scans and blood sample collections were
performed at recruitment (11-14 weeks), 18-22 weeks,
28-32 weeks and 34 weeks onward, respectively. Informa-
tion on pregnancy complications, labour and delivery and
neonatal outcomes was collected through medical chart
review. A written informed consent was obtained from all
participating women.

A total of 1013women were enrolled initially and 934
of them completed all 4 antenatal visits. We excluded 8
participants without pregnancy outcomes, leaving 926
participants for the final analysis (online supplemental
figure 1).

Definitions

Preeclampsia was defined according to the guidelines of
International Society for the Study of Hypertension in
Pregnancy'®: systolic blood pressure (SBP) >140mm Hg
and/or diastolic blood pressure (DBP) 290 mm Hg on at
least two occasions 4hours apart after 20 weeks of gesta-
tion in a previously normotensive women, and protein-
uria: urinary albumin =300 mg/24 hours urine collection
or =1+ dipstick. For women with chronic hypertension,
superimposed preeclampsia was defined as a signifi-
cant increase in blood pressure compared with baseline
(30mm Hg systolic, I5bmm Hg diastolic) in association
with new-onset proteinuria. If proteinuria was present
at baseline, superimposed preeclampsia was diagnosed
if there was doubling of urinary protein excretion after
20 weeks of gestation in association with a significant
increase in blood pressure. Superimposed preeclampsia
was also diagnosed if blood pressure was elevated and

there were elevated liver enzymes (two times baseline)
and a low platelet count (<100x10°/L). Preeclampsia or
superimposed preeclampsia was subdivided according
to gestational age at delivery into term (=37 weeks) and
preterm term (<37 weeks). Gestational hypertension was
defined as newly onset hypertension after 20 weeks of
gestation without proteinuria.

Based on the US Preventive Services Task Force,3 we
classified women as high-risk, moderate-risk and low-
risk groups by maternal demographic characteristics
and medical history. High-risk group included women
with history of preeclampsia, chronic hypertension,
diabetes mellitus or autoimmune disease; moderate-
risk group included women with more than one of the
following factors: obesity (body mass index >30kg/m?),
maternal age over 35 years, nulliparity, family history of
preeclampsia and previous adverse outcome, including
preterm birth and low birth weight; the rest of the partic-
ipants were considered as the low-risk group. As several
studies showed that in women with preeclampsia, espe-
cially in those requiring early delivery, uterine artery
pulsatility index (UtA-PI) was increased from early preg-
nancy.”_19 Women with UtA-PI (11-14 weeks) over the
95th percentile for gestation was also included in the
high-risk group.

Laboratory assay

Maternal venous blood was collected by venipuncture
using 10 mL non-heparinised tubes at each antenatal visit.
Serum was isolated by centrifugation at 2000 revolutions/
min for 15min and stored at -80°C for subsequent anal-
ysis. Samples were measured for soluble fms-like tyrosine
kinase 1 (sFlt-1) and PIGF by means of the fully automated
Elecsys assays on an electrochemiluminescence immuno-
assay platform (cobas e411 analyzers, Roche Diagnostics).
The detection limit was approximately 6 pg/mL for sFlt-1
and <2 pg/mL for PIGF.

Uterine artery Doppler measurement

Doppler ultrasound examinations were carried out trans-
abdominally. At 11-14 weeks of gestation, a sagittal section
of the uterus was obtained and colour flow mapping was
used to identify each uterine artery along the side of the
cervix and uterus at the level of the internal 0s.*” At 18-22
weeks, 28-32 weeks and 34 weeks onward, colour Doppler
was used to identify each uterine artery at the apparent
crossover with the external iliac arteries.”’ Pulsed-wave
Doppler was used with the sampling gate set at 2mm to
cover the whole vessel. When three similar waveforms
were obtained consecutively, the pulsatility index (PI)
and the resistance index (RI) were measured and mean
PI and mean RI of the left and right arteries were calcu-
lated, respectively.

Blood pressure measurement

Blood pressure was taken by validated automated devices
(Omron HEM 705 LP, Omron Healthcare) which were
calibrated periodically. Women were in a sitting position
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and their arms were supported. A correct cuff size was
used and the middle of cuff was positioned on woman’s
upper arm at the level of the right atrium.* Either a small
(<22cm), normal (22-32cm) or large (33-42cm) adult
cuff was used depending on the mid-arm circumference.
After a rest for 5min, blood pressure was measured by
trained nurses and three recordings were made at 1 min
intervals. We calculated SBP and DBP as the average
of the three measurements. MAP was calculated from
SBP and DBP measures using the following formula:
MAP=DBP+1/3x(SBP-DBP).

Statistical analysis

Normality of continuous variables was assessed by the
Kolmogorov-Smirnov test. Numeric data were expressed
as mean (SD) or as median (IQR) for normally and non-
normally distributed data, respectively. Maternal charac-
teristics and pregnancy outcomes were compared between
women with preeclampsia and without preeclampsia
using Wilcoxon tests for continuous variables and x* anal-
ysis for categorical variables. The distributions of sFlt-1,
PIGF and sFlt-1/PIGF ratio were transformed logarithmi-
cally to approximate Gaussian distribution. Covariance
analysis was used to compare differences in logarithm-
transformed angiogenic factors values, blood pressure
levels and uterine artery Doppler values between women
with preeclampsia and without preeclampsia adjusted for
covariants. Geometric means and 95% CIs were calculated
by taking the exponent of the logarithm transformed
mean. If variables did not fit the sphericity tests, repeated
measure analysis of variance was performed to examine
the differences of variables at four time points between
women with preeclampsia and without preeclampsia. The
performance of sFlt-1, PIGF, sFlt-1/PIGF ratio, MAP and
UtA-PI for the prediction of preeclampsia was assessed
by the area under the receiver operating characteristic
curve (AUC). Areas were compared using the method
of DeLong et al® Cut-off values were determined by the
maximising the sum of sensitivity and specificity. We used
SAS V.9.4 for all statistical analyses.

Patient and public involvement
Patients and the public were not directly involved in the
design, conduct or reporting in our study.

RESULTS

Table 1 compares the characteristics between women
with preeclampsia and without preeclampsia. The asso-
ciation of maternal characteristics and preeclampsia is
presented in online supplemental table 1. Among 926
participants, 20women developed preeclampsia, with
8 cases of preterm preeclampsia and 12 cases of term
preeclampsia. Women with preeclampsia had a signifi-
cantly higher proportion of obesity, chronic hyperten-
sion and previously history of preeclampsia. Also, higher
proportion of preterm birth and lower birth weight was
found in women with preeclampsia. Table 2 compares

Table 1 Maternal characteristics and pregnancy outcomes
between preeclampsia and non-preeclampsia in the
Neonatal and Obstetrics Risks Assessment cohort

Non-
Preeclampsia preeclampsia
Variables (n=20) (n=906) P value
Maternal age (year), 33.0 (28.0- 30.0 (27.0-34.0) 0.078
median (IQR) 37.0)
Race, n (%) 0.743
Chinese 10 (50.0) 460 (50.8)
Indian 2(10.0) 98 (10.8)
Malay 7 (35.0) 243 (26.8)
Others 1(5.0) 105 (11.6)
Parity, n (%) 0.265
0 11 (55.0) 490 (54.1)
1 4 (20.0) 291 (32.1)
>2 5 (25.0) 125 (13.8)
Maternal education levels, n (%) 0.233
Less than high 8 (40.0) 213 (23.6)
school
High school 6 (30.0) 361 (40.0)
College and above 6 (30.0) 329 (36.4)
Married, n (%) 20 (100.0) 844 (93.2) 0.391
Smoking during 1(5.0) 23 (2.5) 0.412

pregnancy, n (%)
Maternal BMI at 11-14 weeks of gestation (kg/m?), n (%)  0.041

<18.5 1(5.0) 63 (7.0)

18.5-24.9 7 (35.0) 516 (57.3)

25.0-29.9 6 (30.0) 223 (24.8)

>30.0 6 (30.0) 99 (11.0)
Chronic hypertension, 3 (15.0) 7 (0.8) 0.001
n (%)
Diabetes mellitus, n 1(5.0) 13 (1.4) 0.265
(%)
Previous 2 (10.0) 12 (1.3) 0.035
preeclampsia, n (%)
Pregnancy outcomes

Gestational age at  37.6 (35.0— 39.0 (38.1-39.7) <0.001

delivery, median 38.9)
(IQR)

Preterm birth, n (%) 8 (40.0) 54 (6.0) <0.001
Birth weight (kg), 2.56 (2.21- 3.13(2.86-  <0.001
median (IQR) 3.03) 3.40)

BMI, body mass index; IQR, interquartile range.

the means and 95% CIs of biomarkers at four time points
during pregnancy between women with preeclampsia
and without preeclampsia. Overall, women who devel-
oped preeclampsia had significantly lower serum PIGF
levels and higher sFIt-1/PIGF ratio and MAP levels
throughout pregnancy than those without preeclampsia.
However, UtA-PI and serum sFlt-1 levels in women with
preeclampsia were increased from the second and third
trimesters, respectively.
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Table 2 Covariance analysis of maternal biochemical and biophysical markers at four time points during pregnancy in the

Neonatal and Obstetrics Risks Assessment cohort

Time*
Preeclampsia Non-preeclampsia preeclampsia*
Biomarkers Time points N Mean (95% CI) N Mean (95% CI) P value P value
PIGF (pg/mL) 11-14 weeks 20 26 (22 to 32)t 902 37 (36 to 38)t <0.001 0.182
18-22 weeks 20 186 (151 to 229)t 901 263 (257 to 275)T <0.001
28-32 weeks 19 245 (186 to 331)T 876 617 (589 to 646)t <0.001
>34 weeks 10 195 (117 to 324)t 791 372 (355 to 389)t 0.013
sFlt-1 (pg/mL) 11-14 weeks 20 1514 (1259 to 1820)t 902 1622 (1585 to 1660)T 0.493 <0.001
18-22 weeks 20 1778 (1445 to 2239)t 901 1738 (1660 to 1778)t 0.714
28-32 weeks 19 3090 (2570 to 3802)t 876 1660 (1622 to 1698)t <0.001
>34 weeks 10 5370 (4074 to 7244)t 791 2630 (2570 to 2754)t <0.001
sFlt-1/PIGF ratio 11-14 weeks 20 57.5 (45.7 to 72.4)f 902 43.7 (41.7 to 44.7)T 0.021 <0.001
18-22 weeks 20 9.8 (7.4t0 12.6)t 901 6.5 (6.3 to 6.8)T 0.003
28-32 weeks 19 12.6 (8.7 to 18.2) 876 2.7 (2.6t0 2.8) <0.001
>34 weeks 10 28.2 (14.1 t0 55.00f 791 7.1 (6.6 to 7.8)t <0.001
MAP (mm Hg) 11-14 weeks 20 90.0 (86.7 t0 93.2)f 903 79.9 (79.4t0 80.3)f  <0.001 0.017
18-22 weeks 20 91.5(88.3t094.8)f 901 79.1 (78.6t0 79.5)f  <0.001
28-32 weeks 19 94.8 (91.6t098.00f 880 80.3 (79.8t0 80.8)f  <0.001
>34 weeks 10 99.2 (94.0to 104.3)f 795 83.3 (82.7t083.9f  <0.001
UtA-PI 11-14 weeks 19 1.93(1.68t02.19)§ 886 1.81(1.77t0 1.84)§  0.331 0.041
18-22 weeks 18 1.31 (1.16 to 1.47)§ 859 1.01 (0.99 to 1.04)§ <0.001
28-32 weeks 19 1.02 (0.91t0 1.12)§ 805 0.75 (0.74 t0 0.77)§  <0.001
>34 weeks 7 0.89 (0.73 to 1.04)§ 696 0.69 (0.67 to 0.70)§  0.011

*Repeated measure analysis of variance.

TMeans (95% Cl) are adjusted for maternal age, race, smoking during pregnancy, maternal body mass index at blood test and gestational weeks at
blood test from models with logarithm-transformed serum angiogenic factors levels as outcomes; presented as geometric means.

FMeans (95% Cl) are adjusted for maternal age, race, smoking during pregnancy, maternal body mass index at measurement of blood pressure and
uterine artery Doppler, and gestational weeks at measurement of blood pressure and uterine artery Doppler.

§Means (95% Cl) are adjusted for maternal age, race, smoking during pregnancy, maternal body mass index at measurement of blood pressure and
uterine artery Doppler, mean arterial pressure at measurement of uterine artery Doppler and gestational weeks at measurement of blood pressure and

uterine artery Doppler.

Cl, confidence interval; MAP, mean arterial pressure; PIGF, placental growth factor; sFit-1, soluble fms-like tyrosine kinase 1; UtA-PI, uterine artery

pulsatility index.

Table 3 presents the AUCs of PIGF, sFlt-1, sFlt-1/PIGF
ratio, MAP and UtA-PI levels for predicting preeclampsia
by weeks of gestation. In 11-14 weeks of gestation, MAP
yielded an AUC of 0.86 (95% CI 0.78 to 0.95), which was
significantly higher than AUCs of PIGF, sFlt-1, sFlt-1/
PIGF ratio and UtA-PI. Despite that predictive values of
angiogenic factors increased from AUC 0.59 in the first
trimester to 0.87 in the third trimester, AUC of MAP rose
to 0.91 (95% CI 0.85 to 0.98) at 28-32 weeks of gesta-
tion, significantly higher than those of angiogenic factors
and UtA-PI. Overall, the predictive value of angiogenic
factors was low in early pregnancy (AUC 0.59 to 0.67) and
moderate in middle and late pregnancy (AUC 0.68 to
0.87); UtA-PI also had low-to-moderate predictive values
during pregnancy (AUC 0.56 to 0.74), while MAP had
high predictive values throughout pregnancy (AUC 0.86
to 0.91). The performance of prediction models included
multiple factors is shown in online supplemental tables 2
and 3. Overall, models that included MAP, PIGF, sFlt-1 and

UtA-PI did not significantly improve the performance of
predicting preeclampsia, compared with models included
MAP alone.

Table 4 shows the performance of biomarkers in
predicting preterm preeclampsia and term preeclampsia
during pregnancy. For the prediction of preterm
preeclampsia, there was no significant difference of AUCs
between MAP and PIGF at 11-14 weeks of gestation, but
MAP had a significantly higher AUC than UtA-PI. In the
second and third trimesters, the AUCs were not signifi-
cantly different among predictors. However, for the
prediction of term preeclampsia, MAP performed signifi-
cantly better (AUC 0.87, 95% CI 0.75 to 0.99) than other
predictors at 11-14 weeks of gestation, and the perfor-
mance sustained to late pregnancy, with AUC 0.87 (95%
CI0.76 to 0.98) in 18-22 weeks of gestation and AUC 0.90
(95% CI 0.80 to 0.99) in 28-32 weeks of gestation.

We further categorised study population into the
high-risk, moderate-risk and low-risk women according
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Table 3 Performance of biomarkers in prediction of preeclampsia during pregnancy in the Neonatal and Obstetrics Risks

Assessment cohort

Biomarkers AUC (95% Cl) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Cut-off value P value
11-14 weeks
MAP (mm Hg) 0.86 (0.78 to 0.95) 75.0 88.4 13.0 99.1 90.6 Ref.
PIGF (pg/mL) 0.67 (0.56 to 0.79) 85.0 51.1 3.5 99.3 36 0.009
sFlt-1 (pg/mL) 0.59 (0.49 to 0.69) 100.0 24.4 2.0 97.3 1289 <0.001
sFlt-1/PIGF ratio 0.61 (0.47 to 0.74) 65.0 66.2 3.8 98.7 5.8 0.003
UtA-PI 0.56 (0.44 to 0.69) 47.4 76.5 2.2 97.9 2.3 <0.001
18-22 weeks
MAP (mm Hg) 0.87 (0.80 to 0.95) 80.0 81.2 8.7 99.1 87.3 Ref.
PIGF (pg/mL) 0.77 (0.66 to 0.88) 60.0 81.8 2.7 100.0 391 0.126
sFlt-1 (pg/mL) 0.55 (0.40 to 0.70) 45.0 70.5 2.0 97.7 2265 <0.001
sFlt-1/PIGF ratio 0.68 (0.56 to 0.81) 50.0 78.1 4.8 98.6 10.1 0.007
UtA-PI 0.74 (0.59 to 0.89) 66.7 82.3 7.8 99.0 1.3 0.125
28-32 weeks
MAP (mm Hg) 0.91 (0.85 to 0.98) 84.2 88.3 13.7 99.4 90.8 Ref.
PIGF (pg/mL) 0.78 (0.65 to 0.91) 57.9 96.5 2.2 100.0 1794 0.019
sFlt-1 (pg/mL) 0.72 (0.59 to 0.85) 78.9 59.4 4.0 99.2 1808 0.003
sFlt-1/PIGF ratio 0.79 (0.65 to 0.93) 68.4 95.7 25.5 99.3 10.5 0.048
UtA-PI 0.72 (0.57 t0 0.87) 47.4 93.3 13.6 98.7 1.1 0.012

Cut-off values were determined by the maximising the sum of sensitivity and specificity.
AUC, area under the receiver operating characteristic curve; Cl, confidence interval; MAP, mean arterial pressure; NPV, negative predictive value;
PIGF, placental growth factor; PPV, positive predictive value; sFIt-1, soluble fms-like tyrosine kinase 1; UtA-PI, uterine artery pulsatility index.

to the US Preventive Services Task Force and UtA-PI
levels in 11-14 weeks of gestation. Based on our defini-
tion, the number of women at high, moderate and low
risks of preeclampsia was 89, 146 and 691, respectively.
Characteristics are shown in online supplemental table
4. AUGs of biomarkers in prediction of preeclampsia
were performed in high-risk, moderate-risk and low-
risk women, respectively. In high-risk women, MAP and
angiogenic factors performed moderate predictive values
at 11-14 weeks of gestation, while MAP yielded higher
predictive values than other predictors at 18-22 weeks
and 28-32 weeks of gestation, with AUCs 0.92 and 0.96,
respectively (figure 1A-C). In moderate-risk women, the
performance of MAP in predicting preeclampsia was
high throughout pregnancy, with AUCs 0.97, 0.95 and
0.94 at the first, second and third trimester, respectively.
Angiogenic factors performed high predictive values just
at 28-32 weeks of gestation (figure 1D-F). In low-risk
women, MAP performed better than angiogenic factors
at 11-14 weeks of gestation (figure 1G-I).

DISCUSSION

Principal findings of the study

Our large prospective cohort study in Asian population
suggested that compared with angiogenic factors and
UtA-PI levels, MAP had significantly higher AUCs at
11-14, 18-22 and 28-32 weeks of gestation for prediction
of preeclampsia, especially for the term preeclampsia. For
the prediction of preterm preeclampsia, MAP and PIGF

were similar. Moreover, in high-risk women, MAP, PIGF
and UtA-PI had equivalent predictive values at 11-14
weeks of gestation; in moderate-risk and low-risk women,
MAP predicted better than PIGF and UtA-PI in early
pregnancy. Our study also confirmed that women who
developed preeclampsia, compared with women without
preeclampsia, had significantly lower levels of PIGF,
higher levels of sFlt-1/PIGF ratio and MAP throughout
pregnancy.

Interpretation of the results

A previous meta-analysis including more than 60
000women suggested that MAP yielded an AUC of 0.79
in the first trimester and 0.76 in the second trimester.
But most of the studies did not report single or multiple
measurements of blood pressure.'’ Poon et al showed
that MAP at 11-138"° weeks alone had an AUC of 0.734
for prediction of preeclampsia. Considering the interarm
blood pressure differences, they measured blood pres-
sure in both arms simultaneously and recorded the last
two stable measurements.”* * Previous study suggested
that the overall screening performance using MAP deter-
mined from either the left or right arm, or the average
of both arms was not significantly different. But when
the average of two or three recordings were used for
calculating MAP, the performance of screening tended
to improve with an increasing number of recordings.”®
Although we measured blood pressure in one arm, three
readings were recorded at I-min intervals. Our results
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Figure 1 Area under the receiver operating characteristic curves (AUC) of biomarkers for the prediction of preeclampsia. (A)
AUC of biomarkers in high-risk women at 11-14 weeks of gestation. (B) AUC of biomarkers in high-risk women at 18-22 weeks
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showed that MAP in Asian women had moderate to high
performance for the prediction of preeclampsia, with
AUCs of 0.86 (95% CI 0.78 to 0.95), 0.87 (95% CI 0.80 to
0.95) and 0.91 (95% CI 0.85 to 0.98) at 11-14, 18-22 and
28-32 weeks, respectively.

Meanwhile, in our Asian population, angiogenic factors
showed low to moderate values for the prediction of

preeclampsia, with AUCs for PIGF 0.67 (95% CI 0.56 to
0.79), 0.77 (95% CI 0.66 to 0.88), and 0.78 (95% CI 0.65
to 0.91) at 11-14, 18-22 and 28-32 weeks, respectively.
Our results were similar to those in a longitudinal study
which showed AUCs of 0.53 (95% CI 0.48 to 0.58), 0.57
(95% CI 0.51 to 0.63), 0.66 (95% CI 0.61 to 0.71) and
0.72 (95% CI 0.67 to 0.77) at 10, 17, 24 and 35 weeks of
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gestation, respectively, for PIGE.*” PIGF/sFlt-1 ratio also
showed similar performance as PIGF in the mixed popu-
lation.?” #® Thus, individual angiogenic factors did not
perform well in predicting preeclampsia.

The Fetal Medicine Foundation proposed a combined
screening test, including maternal factors, MAP, PIGF
and UtA-PI, which was found to predict 75% of preterm
preeclampsia and 47% of term preeclampsia at a false-
positive rate of 10% in European population.® However,
this algorithm was less predictive in Asian population.®?
Except for the under-measurement of UtA-PI, the lower
incidence of preterm preeclampsia and prevalence of
maternal risk factors in Asian women might reduce the
effectiveness of the algorithm.” Studies that clarify the
causes of the racial differences in preeclampsia are few.
Difference in metabolic profiles during 26-28 gestational
weeks between White European and South Asian women
suggested that White European women had higher levels
of lipoproteins, cholesterol, glycerides, phospholipids
and monosaturated fatty acids than South Asian women.*
A systematic review, examining the association between
the endothelial nitric oxide synthase polymorphism
and preeclampsia risk stratified by ethnicity, identified a
higher risk of preeclampsia in the white or mixed popu-
lations with the 894 G>T polymorphism, but not in those
of Asian or African descent.”” Another systematic review
reported that IL10 -1082 G>A polymorphism signifi-
cantly increased the risk of preeclampsia in Asian women,
but not in White population.” Besides impaired placen-
tation, immunological factors, endothelial function, and
inflammation have all been identified as contributors to
the pathophysiology of preeclampsia.” Although circu-
lating PIGF and MAP mainly reflect placentation and
maternal endothelial function, respectively, racial dispar-
ities on pathophysiology might influence the effective-
ness of the predictors. As our study showed that while
MAP performed better than PIGF for the prediction of
preeclampsia and term preeclampsia throughout gesta-
tion, for the prediction of preterm preeclampsia, these
predictors were not significantly different.

Clinical implications

Blood pressure measurement has been used as a routine
screening and diagnostic tool in antenatal care for
decades. Although the American Heart Association
statement on blood pressure measurement has been
commonly accepted worldwide, which arm to measure
and how to record the measurements were not specified
in the recommendation.”” Our results, along with other
studies, suggested that multiple recordings of blood
pressure could improve the accuracy for estimating risk
of hypertensive disorders. Although we measured blood
pressure on one arm, three continuous recordings at
1-min interval could produce an AUC of 0.86 (95% CI
0.78 to 0.95) with 13.0% positive predictive value at 11-14
weeks of gestation. This performance in Asian women
was better than that in European where blood pressure
was measured on both arms with three recordings (AUC

0.773, 95% CI 0.768 to 0.778). Thus, except for a proper
position, appropriately sized cuff and regularly checked
devices, multiple recordings should also be emphasised
in future clinical practice.

As to the differences between MAP and PIGF in
predicting preeclampsia, the predictive values for
preterm preeclampsia were not significantly different
between MAP and PIGF in the Asian population. In addi-
tion, MAP performed better in the prediction of term
preeclampsia. Considering the costs and performance of
circulating PIGF level for the prediction of preeclampsia,
our results support the pragmatic guide for the first-
trimester screening of preeclampsia by the International
Federation of Gynecology and Obstetrics, in which the
baseline screening method should be a combination of
maternal risk factors with MAP.

Strengths and limitations

Our study compared predictive values of MAP, angio-
genic factors and UtA-PI for predicting preeclampsia in
a large Asian population. The NORA cohort was a well-
performed prospective study, with standard protocols on
measurements of blood pressure, circulating angiogenic
factors and UtA-PI. Thus, our results were reliable and
comparable with other studies. Prophylactic use of low-
dose aspirin was not routinely recommended during study
period and three women reported using antihypertensive
medication during pregnancy. The incidence of preterm
preeclampsia and term preeclampsia was 0.9% and 1.3%
in the cohort. Thus, our results were less likely affected by
the medication issue. However, the exclusion of women
with multiple gestations and chronic medical conditions,
and lower incidence of preeclampsia in Asian women per
se, might have impacts on the relatively low occurrence of
preeclampsia in the NORA cohort. On the other hand,
our cohort measured blood pressure on one arm and we
could notdirectly compare the performance of MAP from
both arms and from one arm. Besides, predictive values
of biomarkers at 28-32 weeks might be overestimated, as
women who had already been diagnosed as preeclampsia
might not be excluded due to unknown time of diagnosis
in our study. The potential presence of white coat hyper-
tension might impact on the performance of blood pres-
sure in the prediction of preeclampsia.

Conclusion

MAP is a good predictor for preeclampsia, especially
term preeclampsia, in Asian women. For prediction of
preterm preeclampsia, the performance of MAP and
PIGF was similar. Our experience indicates that multiple
recordings in antenatal blood pressure measurement are
encouraged to achieve better accuracy of MAP.
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