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ABSTRACT

Objectives: To determine risk factors in first trimester for development of pregnancy associated
hypertension (PAH) at Sanpasitthiprasong Hospital.

Materials and Methods: A retrospective cohort study was conducted in pregnant women who attended
antenatal care at Sanpasitthiprasong Hospital at 10*° - 13*¢ weeks of gestation and had first
trimester Down syndrome screening test from October 2015 to November 2018. A total of 230
medical records of pregnant women were reviewed. Maternal baseline characteristics,
ultrasonographic findings, serum biochemical levels, maternal and fetal outcomes were recorded.
The association of these factors with development of PAH was examined using logistic
regression.

Results: Among 230 pregnant women, 26 (11.3%) developed PAH. Factors significantly associated
with developing PAH included pregestational diabetes mellitus (PGDM) (odds ratio (OR) 15.02,
95%CI 1.199-188.107; p = 0.036), pre-pregnancy body mass index (pBMI) = 25 kg/m? (OR 4.06,
95% Cl 1.443-11.442; p = 0.008), and mean arterial pressure (MAP) (mmHg) (OR 1.11, 95% CI
1.038-1.178; p = 0.002). Pregnant women with PAH developed more preterm delivery (23.1%vs
8.8%; p = 0.025) and neonatal hypoglycemia than those without (11.5% vs 2.5%; p = 0.017).
An equation to predict risk of PAH is shown as follows: PAH score = -12.571 + (1.51 x if pBMI
> 25 kg/m? = 1, pBMI < 25 kg/m? = 0) + (0.122 x mean MAP mmHg) + (2.616 x if PGDM=1, no
PGDM = 0). The probability of developing PAH was 1- (0.88 Bxp(PAtscore+2.7734))

Conclusion: Pregestational diabetes mellitus, pBMI > 25 kg/m2, and MAP were independent first
trimester risk factors for developing PAH.
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Introduction

Pregnancy associated hypertension (PAH) was
one of the common serious problems during pregnancy,
with a worldwide prevalence of approximately 10%".
There is evidence that the burden of the disease
increased over time; for example, PAH prevalence
increased by 20% over 20 years from 1987 to 2004®.
In Thailand, preeclampsia occurred in 19.2 per 1,000
deliveries in 2012-2016®. PAH contributes to 50,000-
60,000 deaths annually worldwide™ and PAH was the
second most common cause of maternal mortality in
Thailand®. PAH has been reported to cause eclampsia,
cerebral hemorrhage, abnormal renal and liver functions
and a number of deleterious pregnancy outcomes, with
some evidence suggesting that the disease may be
associated with long term consequences involving
cardiovascular, neurovascular, metabolic, renal and
central nervous systems. PAH also resulted in poor
fetal outcomes such as preterm delivery and intrauterine
growth retardation®. In 2012, the estimated healthcare
cost of PAH within the first 12 months after delivery in
the United States was reported to be $2.18 billion®.

Although causes of PAH were not clearly
understood, a number of pathogenesis has been
described, such as abnormal of placenta implantation,
abnormal immune adaptation of mother to father and
fetal tissue, abnormal cardiovascular adaptation and
genetic aspects®. Many previous studies were
conducted to find out risk factors associated with PAH
development. Myatt et al” studied in nulliparous low
risk women found that African American race, systolic
blood pressure, body mass index (BMI), educational
level, a disintegrin and metalloproteinase-12 (ADAM-
12), pregnancy associated protein-A (PAPP-A) and
placental growth factor (PIGF) levels in first trimester
were significantly different in women who developed
preeclampsia compared with controls. A meta-analysis
of studies examining risk factors for PAH® found that
women with antiphospholipid syndrome, prior
preeclampsia, chronic hypertension, pre-pregnancy
BMI of > 30 kg/m?, and use of assisted reproductive
technology (ART) were risk factors for developing PAH.
In addition to these clinical risk factors and biomarkers,
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uterine artery (UtA) Doppler may also be useful to
evaluate uteroplacental circulation and hence predict
preterm preeclampsia®.

Due to a poor predictive ability of a single risk
factor, the multi-factorial models for prediction of
preeclampsia were developed with varying sensitivity
and specificity™®'?, In Thailand, only a few studies('®
' investigated the accuracy of an approach using
combined information from multiple risk factors
especially in the first trimester to predict preeclampsia.
Thus, this study aimed to examine the association of
first trimester factors, including clinical, biochemical,
and ultrasonographic factors, with risk of developing
PAH. The secondary objective was to compare
maternal and neonatal outcomes in PAH with non-PAH
group and to develop a risk score combining information
from multiple factors to predict early and late PAH in
Thai women comparing western preexisting criteria'®
when applied to our population. This may help identify
high risk groups to whom interventions to prevent PAH
could be targeted.

Materials and Methods

This retrospective cohort study was conducted
after the approval by the Sanpasitthiprasong Hospital
Ethic Committee (IRB N0.049/2561). A total of 243
pregnant women who attended antenatal care at 10+°
- 13*% weeks of gestation to perform first trimester Down
syndrome screening and PIGF test at Sanpasitthiprasong
hospital, Ubon Ratchathani, Thailand during October
2015 - November 2018 were eligible. By medical record
review, data on risk factors were obtained. These
included participant’s age, gravidity, parity, gestational
age, pre-pregnancy BMI (pBMI), mean arterial pressure
(MAP), and a history of previous preeclampsia, chronic
hypertension, systemic lupus erythematosus (SLE),
antiphospholipid syndrome (APS), pregestational
diabetes (PGDM), and previous gestational diabetes
(GDM), previous Cesarean section, pregnancy by
assisted reproductive technology, smoking, first degree
relatives of hypertensive disorder in pregnancy. Data
on blood levels of free beta-human chorionic
gonadotropin (B-hCG), Pregnancy-associated plasma
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protein A (PAPP-A), Placental growth factor (PIGF), and
ultrasonographic findings such as crown-rump length
(CRL), nuchal translucency (NT), UtA Doppler pulsatility
index (P1) and notch, ductus venosus (DV) Pl were also
collected. Additionally, data on pregnancy outcomes,
such as gestational age at delivery, route of delivery,
obstetric complications, and neonatal outcomes namely
birth weight, Apgar score, neonatal complications were
obtained. The participants with missing data on
prenatal data and delivery outcomes and those who
aborted before 26 weeks of gestation were excluded.
The exclusion of those who aborted before 26 weeks
of gestation was owing to pre-specified within-institution
agreement between obstetricians and pediatricians that
< 26 weeks of gestation was considered abortion.

The MAP, UtA-Pl, DV-Pl were measured
according to standardized protocols(®'® A serum
sample of 70 microliter was used to measure PIGF
concentration by B-R-A-H-M-S PIGF plus KRYPTOR
based on TRACETM Technology (Time-Resolved
Amplified Cryptate Emission). The detection range of
the assay was 3.6-7,000 pg/mL. Maternal serum 50
microliter was used to measure PAPP-A by the B-R-A-
H-M-S PAPP-A KRYPTOR based on TRACETM
technology. The detection range of the assay was 0.004-
90 IU/L.

Pregnancy associated hypertension (PAH) was
defined as gestational hypertension (GH) and/or
preeclampsia (PE)™". GH was defined as an occurrence
of new-onset hypertension after 20 weeks gestation (1.
a systolic blood pressure (BP) of 140 mmHg or greater,
a diastolic BP of 90 mmHg or greater at two separate
measurements at least 4 hours apart or 2. systolic BP
of 160 mmHg or more or diastolic BP of 110 mmHg or
more confirmed at a short interval) in the absence of
significant proteinuria. PE was defined as GH plus
new-onset of proteinuria (24-hour excretion equals
or exceeds 300 mg or protein/creatinine ratio of
0.3 mg/dL or more or dipstick reading of 2+) or as in
the absence of proteinuria, new-onset hypertension
with the new onset of any of the followings:
thrombocytopenia (platelet count < 100,000 x 109/L) or
renal insufficiency (serum creatinine (Cr) > 1.1 mg/dL
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or a doubling of the serum Cr in the absence of other
renal disease) or impaired liver function (elevated blood
concentrations of liver transaminases to twice normal
concentration) or pulmonary edema or new-onset
headache (unresponsive to medication and not
accounted for alternative diagnoses) or visual symptom.
Early PAH was defined as the occurrence of PAH before
34 weeks, and late PAH occurred at 34 weeks and
beyond.

Sample size was calculated based on a research
question “what is the risk factor for PAH?” According to
data from a study by Goetzinger et al™, 34% of
pregnant women with chronic hypertension developed
preeclampsia (P1 = 0.34), while 6% of those without
chronic hypertension developed preeclampsia (P2 =
0.06) and the ratio of without to with chronic hypertension
(non-exposed to exposed ratio) was approximately 10%.
At 80% power and 95% confidence level, a sample size
of 200 was required. Assuming 10% missing data on
main outcomes, the final sample size was approximately
220.

Statistical analyses

Statistical analyses were performed using IBM
SPSS Statistics Version 21. Baseline maternal and
obstetric characteristics were described as number (%),
mean (standard deviation (SD)) and median (interquartile
range (QR)) for categorical, normally and non-normally
distributed continuous variables, respectively.
Distribution of data was tested by Kolmogorov-Smirnov
test. Continuous variables were compared between
two groups using student t-test. Categorical variables
were compared between groups using chi-square or
Fisher’s exact test. Maternal and neonatal outcomes
were compared between those with and without PAH.
Risk factors for PAH were examined using univariate
and multivariate logistic regression, with crude and
adjusted odds ratio (OR) and 95% confidence interval
(CI) reported. Variables which were associated with PAH
at p value of less than 0.05 in univariate analyses were
included in multivariable logistic regression. A p value
of < 0.05 was considered statistically significant. The
beta-coefficients for factors independently associated
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with PAH were used to construct PAH risk score: Risk
score = (X1x 1) +(X2x 2)... + (Xpx Bp). The probability
of developing PAH was calculated by the following
equation:

PrObab|I|ty Of PAH = 1_ S(]) EXP(Risk Score — Mean of the Risk score)

To identify the optimal cut-off points of PAH score
and PAH probability that signified high risk groups, we
computed sensitivity/specificity, positive predictive
value/ negative predictive value (PPV/NPV) and the
area under the receiver operating characteristic curves
(AUC) for each particular cut-off points (10%, 20%, 30%,
40% and 50% probability of PAH). Additionally, the
sensitivity, specificity, PPV/NPV and AUC of newly
developed PAH score and three other existing criteria
(NICE and Thermo Fisher (TF) software and Goetzinger
criteria (K score)) in prediction of all PAH, early PAH

and late PAH in these 230 pregnant women were
compared using nonparametric methods. AUC curves
for the above scoring criteria were also plotted.

Results

A total of 3,087 pregnant women attended
antenatal care in their first trimester in Sanpasitthiprasong
Hospital during December 2015-November 2018. Only
418 (13.5%) had first trimester Down syndrome
screening test and among these participants, 175
women had no PIGF results. After review of medical
records, 13 pregnant women were excluded (three
cases of multiple fetal abnormalities, one case of
termination of pregnancy due to fetal Down syndrome,
four cases of spontaneous abortion before 26 weeks
of gestation, one case of no prenatal data, and six cases
of no perinatal outcomes) leaving a final study sample
of 230 pregnant women (Fig. 1).

First ANC Oct 2015 — Nov 2018

(n =3087)
No first trimester Down syndrome screening
(n = 2669)
First trimester Down syndrome screening
(n=418)
No PIGF
(n=175)
PIGF
(n =243)
No prenatal data
(n=1)
No prenatal and postpartum data
(n=4)
Abortion (delivery < 26 wks) (n = 8)
- Fetal anomaly (n = 3)
- Trisomy 21 (47, XY+21) (n=1)
- Spontaneous abortion (n = 4)
Include
(n =230)

No pregnancy-associated
hypertension (n = 204)

Pregnancy-associated
hypertension (n = 26)

ANC: Antenatal care, PIGF: Placental growth factor

Fig. 1. Flow diagram of recruitment into the cohort study.
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Pregnancy associated hypertension (PAH)
developed in 26 (11.3%) women. These included 11
(4.8%) cases of gestational hypertension, 2 (0.9%)
cases of preeclampsia without severe features, 8
(8.5%) cases of preeclampsia with severe features, 4
(1.7%) cases of chronic hypertension superimposed
preeclampsia 4 (1.7%), and 1 (0.4%) case of
eclampsia.

Table 1 shows characteristics of 230 pregnant

women participating in the study, overall and by PAH
status. Those with PAH had higher pBMI, and MAP
(75.8 vs 85.1 mmHg, p < 0.001) than those without. A
higher proportion of PAH group reported a history of
previous preeclampsia, chronic hypertension, APS,
PGDM, and hyperthyroidism than non-PAH group.
Other maternal characteristics, Doppler ultrasound
findings, and serum biochemical level were not
significantly different between the two groups.

Table 1. Maternal characteristics, ultrasound findings, and serum biochemical test results, overall and by PAH
group (n=230).

Characteristics Total (n=230) Non-PAH (n=204) PAH (n=26) p value
Maternal age, years, Mean (SD) 32.4 (0.3) 32.4 (4.5) 32.7 (56.7) 0.738
Nulliparous, N(%) 86 (37.4) 80 (39.2) 6 (23.1) 0.109
History of abortion, N(%) 52 (22.6) 42 (20.6) 10 (38.5) 0.040
Gestational age at first ANC, weeks, Median (IQR) 12.6 (12.0,12.9) 12.4 (12.1,12.9) 12.6 (12.0,13.4) 0.354
pBMI, kg/m?, Median (IQR) 21.7 (19.724.1) 214 (19.6,23.6) 25.4 (22.6,29.0) < 0.001
pBMI > 25 kg/m?, Median (IQR) 45 (19.6) 30 (14.7) 15 (57.7) <0.001
MAP, mmHg, Median (IQR) First ANC Oct 2015 — Nov 20487 [72.0,82.7) 75.8 (71.7,81.5) 85.1 (77.6,96.1) <0.001
Previous preeclampsia, N(%) (n =3087) 4 (1.7) 2 (1.0) 2(77) 0.014
Chronic hypertension, N(%) 5| (2\Rfirst trimester Downls{ddtbme screening | 4 (15:4) < 0.001
SLE, N(%) 2/(0.9) (n=2669) &) 1(3.8) 0.083
APS, N(%) First trimester Down syndrome screenirig(0.4) 0 (0) 1(3.8) 0.005
PGDM, N(%) (n = 418) 4d17) 1(0.5) 3 (11.5) < 0.001
Previous GDM, N(%) 1| (ONG)PIGF 1(0.5) 0 (0) 0.721
Hyperthyroidism, N(%) 6 (Zgr.]oz) 179 3(1.5) 3 (11.5) 0.002
1st degree relative hypertension, N(%) (nP=I(;ZS) 28 (12.2) 23 (11.3) 5 (17.9) 0.243
ART, N(%) T{0.4) 1(0.5) 0(0) 0.721
Smoking, N(%) O P | 00 0(0) .
Free -hCG, MoM, Median (IQR) 1.05 (p-70,1.50) 10-(0.745) 1.4 (0.71.6) 0.922

No prenatal and postpartum data
Free B-hCG, log MoM, Mean (SD) 0.02 (0.(5)18) (n = 49.030 (0.264) 0.004 (0.272) 0.650
PAPP-A, MoM, Median (IQR) 1.03 (0.75,142) 10(0.71.4) 0.9 (0.8,1.3) 0.392
PAPP-A, log MoM, Mean (SD) 0.009 (BHLZ] ool FBIETB55) -0.017 (0.187) 0.425
PIGF, MoM, Median (IQR) 0.96 (3.69@2%% aﬁ;u(:;bﬁ%@h@%’) 0.8 (0.7,1.3) 0.389
PIGF, log MoM, Mean (SD) —_— -0.019(0.0T5) 0074 (0.2T8) -0.057 (0.205) 0.352
CRL, mm, Mean (SD) (n = 230) 62.0 (0.6) 61.8 (8.4) 63.5 (8.7) 0.330
NT, mm, Median (IQR) \ 1.20 (1.00,1.40) 1.2 (1.0,1.4) 1.2 (0.9,1.4) 0.415
Mean UtA Pl Dgpp.lel,—MoM,—*MadiLm-(JQB.)— ui (112,1.79) 15 (1.1,1.8) 15 (1.1,1.9) 0.837
Bilateral UtA nd tch*,hﬁfygﬁr%g:;%?iogﬁfd ire%nrfé]ﬁc&ﬁgfﬁgaggs 49 (25.9) 7 (28.0) 0.825
yp

Unilateral UtA notch*, N(%) 68 (31.8) 58 (30.7) 10 (40.0) 0.347
DVPI (MoM)**, Median (IQR) 0.86 (0.75,1.00) 0.9 (0.8,1.0) 0.9 (0.7,0.9) 0.430

* Data available in 219 cases ** Data available in 178 cases

PAH: pregnancy associated hypertension, MAP: mean arterial pressure, SLE: systemic lupus erythematosus, APS: antiphospholipid syndrome,
PGDM: pregestational diabetes, GDM: previous gestational diabetes, PAPP-A: placental growth factor, PIGF: placental growth factor,
CRL: crown-rump length, NT: nuchal translucency, UtA: uterine artery.
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Table 2 demonstrates maternal and neonatal
outcomes by PAH status. Although gestational age at
delivery was comparable between PAH and non-PAH
groups, higher proportion of preterm delivery was in
PAH than non-PAH groups (23.1% vs 8.8%, p = 0.025).
The MAP at delivery was 22 mmHg higher in PAH than
non-PAH groups. There was no difference in other
maternal complications such as GDM, anemia,

premature ruptured of membrane (PROM),
oligohydramnios. Neonatal hypoglycemia occurred
more frequently in PAH than non-PAH groups (11.5%
vs 2.5%, p = 0.017). Neonatal birth weight and birth
asphyxia were comparable between the two groups.
There was no difference in other neonatal complications
such as jaundice, respiratory distress, and low
birthweight.

Table 2. Maternal and neonatal outcomes, overall and by PAH status (n=230).

Outcomes Total Non-PAH PAH p value

GA at delivery, week, Median (IQR) 38.3 (37.6,38.9) 38.3 (37.7,38.9) 38.1 (37.0,39.2) 0.456
BP at delivery, mmHg, Median(IQR)

- SBP 122.5 (113.0,132.8) 120.0 (112.0,130.0) 150.0 (140.0,169.25) < 0.001

- DBP 75.0 (68.0,83.0) 73.5 (67.8,80.0) 91.5 (87.8,100.0) < 0.001

- MAP 91.5 (83.0,98.8) 90.0 (82.0,96.0) 112.0 (107.0,121.0) < 0.001
Body weight gain, kg, Median(IQR) 12.20 (9.00,15.35) 12.2 (9.8,15.5) 12.9 (6.5,15.1) 0.285
Route of delivery, N(%)

Normal delivery 48 (20.9) 42 (20.6) 6 (23.1) 0.769

Vacuum extraction 10 (4.3) 9 (4.4) 1(3.8) 0.894

Forceps extraction 6 (2.6) 5 (2.5) 1(3.8) 0.674

Cesarean section 166 (72.2) 148 (72.5) 18 (69.2) 0.722
GDMAT, N(%) 18 (7.8) 14 (6.9) 4 (15.4) 0.128
GDMA2, N(%) 2(0.9) 1(0.5) 1(3.8) 0.083
Anemia, N(%) 54 (23.5) 47 (23.0) 7 (26.9) 0.660
Preterm delivery, N(%) 24 (10.4) 18 (8.8) 6 (23.1) 0.025
PROM, N(%) 20 (8.7) 18 (8.8) 2(77) 0.847
Postpartum hemorrhage, N(%) 28 (12.2) 24 (11.8) 4 (15.4) 0.595
Placental abruption, N(%) 1(0.4) 1(0.5) 0(0) 0.721
Oligohydramnios, N(%) 7 (3.0) 7 (3.4) 0(0) 0.337
Maternal length of stay, day, Median(IQR) 3.0 (3.0,3.0) 3.0 (3.0,3.0) 3.0 (3.0,4.0) 0.052
Neonatal birth weight, gm, Mean(SD) 3040.19 (30.647) 3048.0 (441.5) 2979.2 (626.0) 0.591
Apgar score at 1 minute, Median(IQR) 9(9,9) 9(9,9) 9(9,9) 0.339
Apgar score at 5 minutes, Median(IQR) 10 (10,10) 10 (10,10) 10 (10,10) 0.339
Newborn length of stay, day, Median(IQR) 3.0 (3.0,4.0) 3.0 (3.0,3.0) 3.0 (3.0,5.3) 0.097
NICU admission: N(%) 11 (4.8) 10 (4.9) 1(3.8) 0.812
Neonatal complication, N(%)

- Jaundice 39 (17.0) 33(16.2) 6 (23.1) 0.377

- Respiratory distress 30 (13) 24 (11.8) 6 (23.1) 0.107

- Low birth weight 18 (7.8) 14 (6.9) 4 (15.4) 0.128

- Hypoglycemia 8(3.5) 5(2.5) 3 (11.5) 0.017

PAH: pregnancy associated hypertension, GA: gestational age, BP: blood pressure, SBP: systolic blood pressure, DBP: diastolic blood pressure,
MAP: mean arterial pressure, GDM: previous gestational diabetes, NICU: neonatal care unit, PROM: premature ruptured of membranes
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Factors associated with the risk of developing
PAH and Development of PAH risk score
Factors that were associated with PAH in
univariate and multivariate logistic regression were
shown in Table 3. In multivariate logistic regression,
factors independently associated with the risk of
PAH included being overweight, MAP and
pregestational diabetes mellitus. Pregnant women
with pBMI = 25 kg/m? were at 4-fold high risk of
PAH than those with pBMI < 25kg/m? (adjusted

OR 4.06; 95% Cl = 1.443-11.442, p = 0.008). Risk
of PAH increased 11% for every mmHg increase
in MAP (adjusted OR 1.11; 95% Cl = 1.038-1.178,
p = 0.002). Pregestational diabetes mellitus was
associated with a 15-times higher risk of PAH
(adjusted OR 15.02 with 95% Cl =1.199-188.107,
p = 0.036). These associations remained
statistically significant even after adjusting for a
history of abortion, previous preeclampsia, chronic
hypertension, PGDM and hyperthyroidism.

Table 3. Crude odds ratios and Adjusted odd ratios for the risk of PAH derived from logistic regression analysis

(n=230).
Characteristics PAH, Non PAH, Crude OR p value Model 1 Model 2
0, 0, )
n (%) n (%) (95%Cl) Adjusted OR pvalue Adjusted OR  p value
(95%Cl)* (95%Cl)*
History of abortion
Yes 10(19.2)  42(80.8) 2.41 0.045 1.46 0.511 - -
(1.020-5.696) (0.472-4.522)
No 16(9.0)  162(91.0)
Pregnancy BMI
> 25 kg/m? 15(33.3)  30(66.7) 791 <0.001 4.06 0.008 4.53 0.003
(3.316-18.863) (1.443-11.442) (1.693-12.100)
< 25 kg/m? 11(5.9)  174(94.1)
MAP (mmHg) - - 1.15 <0.001 111 0.002 1.13 <0.001
(1.087-1.215) (1.038-1.178) (1.068-1.194)
Previous preeclampsia
Yes 2(50.0) 2(50.0) 8.42 0.037 3.38 0.446 - -
(1.133-62.511) (0.147-77.786)
No 241(0.6) 202(89.4)
Chronic hypertension
Yes 4(80) 1(20) 36.91 0.002 2.41 0.530 - -
(3.949-344.980) (0.155-37.321)
No 22(9.8) 203(90.2)
PGDM
Yes 3(75) 1(25) 26.48 0.005 15.02 0.036 13.68 0.041
(2.644-265.127) (1.199-188.107) (1.108-168.883)
No 23(10.2) 203(89.8)
Hyperthyroidism
Yes 3(50) 3(50) 8.74 0.010 3.06 0.328 - -
(1.666-45.844) (0.326-28.745)
No 23(10.3) 201(89.7)

* Adjusted for all variables in the table.

PAH = pregnancy associated hypertension, OR: odds ratio, BMI: body mass index MAP: mean arterial pressure, PGDM: pregestational

diabetes.
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B coefficients from the multivariate logistic
regression model for pBMI > 25 kg/m?, MAP, and the
presence of PGDM were used to develop risk score to
predict PAH as the equation shown below.

PAH score = -12.571 + 1.51 (pBMI = 25 kg/m?) +
0.122 (MAP; mmHg) + 2.616 (PGDM)

The probability of developing PAH was computed
from the equation below.

Probability of PAH = 1- 0.88 BXP(PAH score +2.7734)

Measures of predictive ability for different
cut-off points of PAH risk score are shown in Table
4. Different cut-off points of PAH scores represent
10%, 20%, 30%, 40%, 50% risk of PAH had
different sensitivity, specificity, PPV/NPV and
AUC. PAH score of -2.87 showed the highest
sensitivity and lowest specificity and the sensitivity
increased and specificity decreased as the PAH
risk scores decreased. The cut-off PAH score
-1.68 representing a PAH probability of 30%
yielded the highest discriminatory ability with the
AUC of 0.787.

Table 4. Predictive ability for different cut-off points of PAH risk score.

Sensitivity (95% CI) Specificity (95% Cl)

88.46% (69.85-97.55)
73.08% (52.21-88.43)
69.23% (48.21-85.67)
61.54% (40.57-79.77)
57.69% (36.92-76.65)

62.75% (55.72-69.40)
79.90% (73.74-85.17)
88.24% (83.00-92.31)
91.67% (86.99-95.07)
93.63% (89.35-96.56)

Probability of PAH PAH Score
(number of women with risk
higher than the value)
10% (n=99) -2.87
20% (n=60) -2.16
30% (n=42) -1.68
40% (n=33) -1.36
50% (n=28) -1.02
PPV (95% Cl)

NPV (95% CI)

AUC (95% CI)*

10% (n=99)
20% (n=60)
30% (n=42)
40% (n=33)
50% (n=28)

23.23% (19.45-27.50)
31.67% (24.44-39.90)
42.86% (32.24-54.17)
48.48% (35.25-61.93)
53.57% (38.29-68.21)

97.71% (93.61- 99.20)
95.88% (92.49-97.78)
95.74% (92.65-97.57)
94.92% (91.99-96.82)
94.55% (91.71-96.46)

0.756 (0.670-0.842)
0.765 (0.661-0.869)
0.787 (0.679-0.895)
0.766 (0.650-0.882)
0.757 (0.637-0.876)

Note: * According to nonparametric methods, no difference between AUC of different cut-off points of PAH score.

PAH: pregnancy associated hypertension, PPV: positive predictive value, NPV: negative predictive value, AUC: area under the receiver operating

characteristic curve, C: confidence interval

Comparison of different approaches to risk
prediction

Comparison of different approaches to risk
prediction Fig. 2. shows the AUC curves for
prediction of PAH for different scoring methods.
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PAH risk performed better than NICE, TF and K
score (p value < 0.001 for each pairwise comparison).
Table 5. shows comparison of predictive ability for
different approaches: PAH score of -1.68, NICE(9),
TF) and K score"). The PAH score cut-off point of
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p = 0.028 and p < 0.001 respectively). Similar
findings were observed for prediction of early and
late PAH.

-1.68 was as good as NICE, but performed better
than TF and K score in predicting all PAH, with
considerably higher sensitivity and AUC (p = 0.064,

0.50 0.75 1.00
L L !

Sensitivity

0.25
L

0.00

T T
0.25 0.75 1.00

o
=
S

0.50
1-Specificity

—=— K score AUC: 0.5192
—— TFAUC: 0.615

—o— PAH risk AUC: 0.8577
—=— NICE AUC: 0.6748
Reference

* p value < 0.001 for pairwise comparison of NICE, TF and K score with PAH risk score
PAH: antenatal care, AUC: area under the receiver operating characteristic curves.

Fig. 2. Receiver-operating characteristic (ROC) curves for prediction of PAH for different scoring methods.

Table 5. Comparison of sensitivity, specificity, positive predictive value, negative predictive value and area under
the receiver operating characteristic curves (AUC) of PAH score and other existing criteria (NICE, Thermo Fisher
(TF) software and K score) in prediction of all PAH, early PAH and late PAH.

Sensitivity (95% Cl) Specificity (95% Cl) PPV (95% Cl) NPV (95% CI) AUC (95% Cl)

All PAH

95.74% (92.65-97.57) 0.787 (0.679-0.895)

88.24% (83.00-92.31) 42.86% (32.24-54.17)

PAH score of -1.68 69.23% (48.21-85.67)

0.675 (0.548-0.801)

NICE 42.31% (23.35-63.08)  92.65% (88.16-95.83)  42.31% (27.44-58.72)  92.65% (90.05-94.61)

TF 26.92% (11.57-47.79) 96.08% (92.42-98.29) 46.67% (25.69-68.89) 91.16 % (89.08-92.88) 0.615 (0.486-0.744)*

K score 4.00% (0.10-20.35) 100% (98.07-100.00) 100% 88.73% (87.91-89.51) 0.519 (0.398-0.641)*
Early PAH

PAH score of -1.68

100.0% (29.24-100.0)

82.82% (77.27-87.49)

7.14% (5.47-9.28)

100.0%

0.914 (0.850-0.978)

0.780 (0.462-1.000)

NICE 66.67% (9.43-99.16) 89.43% (84.68-93.11) 7.69% (3.32-16.80) 99.51% (97.62-99.90)

TF 0.00% (0.00-70.76) 97.80% (94.93-99.28) 0% 98.67% (98.64-98.69) 0.467 (0.159-0.775)**

K score 33.33% (0.84-90.57) 100.0% (98.27-100) 100% 99.06% (97.93-99.58) 0.667 (0.288-1.000)
Late PAH

PAH score of -1.68

65.22% (42.73-83.62)

86.96 (81.59-91.23)

35.71 (25.94-46.84)

95.74 (92.77-97.53)

0.761(0.642-0.880)

0.655 (0.520-0.789)

NICE 39.13% (19.71-61.46) 91.79% (87.18-95.14) 34.62% (21.09-51.19) 93.14 % (90.70-94.97)
TF 30.43% (13.21-52.92) 96.14% (92.53-98.32) 46.67% (25.89-68.67) 92.56 % (90.46-94.23) 0.633 (0.496-0.770)*
K score 0.00% (0.00-15.44) 99.48% (97.13-99.99) 0% 89.67% (89.58-89.77) 0.498 (0.373-0.622)**

* p value < 0.05, ** p value < 0.001
PAH: pregnancy associated hypertension, PPV: positive predictive value, NPV: negative predictive value, AUC: area under the

receiver operating characteristic curve, Cl: confidence interval.
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Discussion

In this retrospective cohort study, the prevalence
of PAH was modest. Factors independently associated
with risk of developing PAH were being overweight,
MAP, and pregestational diabetes mellitus. By
combining information from the three risk factors, we
developed PAH risk score which performed better than
NICE"® and K score(™ in predicting PAH.

PAH remains one of the most common
complications during pregnancy and results in poor
maternal and fetal outcomes. In our study the PAH
prevalence of 11% was comparable with that observed
worldwide™. Our study confirmed previous study by
Premkumar A (19) that PAH was associated with an
increased risk of preterm delivery. Of note, the risk of
preterm delivery reported in a previous study in a Thai
population by Kampruan, et al was considerably high
(20) with the occurrence rate of preterm delivery of 45%
and 17% in severe preeclampsia and normotensive
women. These almost doubled that observed in our
study. The difference may be explained by different
criteria of participant recruitment and diagnosis as well
as discrepancy in study designs between the previous
study and our study.

Our study suggested that BMI values lower than
previously reported may be considered a cut-off point
to identify high risk groups. A previous study in Thailand
by Fang et al®" found that BMI of > 30 kg/m? significantly
increased the risk of preeclampsia by almost 5 folds
(unadjusted OR 4.76, 95%CI 1.73-13.12). Similarly, a
study by Aksornphusitaphong et al®, reported that a
BMI of = 30 kg/m? increased the risk of late onset
preeclampsia by 6 folds (adjusted OR 5.8, 95% CI 2.8-
11.9). Our study further suggested that a lower
prepregnancy BMI (= 25 kg/m?) was already associated
with a considerably increased risk of PAH (adjusted
OR 4.06, 95% CIl 11.44-11.44). This underlines the
need for strategies to identify those with overweight,
not only obesity, early in their pregnancy for interventions
to prevent PAH.

With a similarly increasing trend in the prevalence
of both obesity and diabetes mellitus, the latter has
increasingly been recognized as one of the risk factors
for PAH. Our study showed that a history of diabetes
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mellitus before pregnancy was associated with a
substantially increased risk of PAH, with those with
pregestational diabetes having 15-fold higher PAH risk
than those without. Our findings were consistent with
previous studies suggesting strong association between
pre-existing diabetes and PAH risk@®). Further, a
previous study found that even among women with
pregestational diabetes mellitus, the risk of preeclampsia
rose with increasing severity of diabetes. Interestingly,
our study observed the association of PAH with
pregestational but not gestational diabetes mellitus.
This highlights the close relationship between long-term
exposure to hyperglycemic state, preeclampsia and
cardiovascular risk, the issue needed to be further
explored.

Our study underlines that the risk of PAH with
regard to blood pressure is a continuum and early
detection of elevated blood pressure during pregnancy
may play an important role in prevention of PAH. In a
previous study by Techawathakul, MAP in the
second trimester was significantly associated with the
risk of developing preeclampsia. In our study, MAP
measured during the first trimester was also associated
with an increased risk of PAH with PAH risk increased
by 11% for every 1 mmHg increase in first trimester
MAP. This finding suggests that raised blood pressure,
even only minimally, during the first antenatal care visit
should be concerned and pregnant women with raised
blood pressure should be monitored more closely and
preventive interventions such as aspirin or another
lifestyle modification may be given.

The history of preexisting or chronic hypertension
was one of the major risk factors for preeclampsia. A
previous study in United States found that chronic
hypertension was associated with a 13-fold increased
risk of preeclampsia after adjusting for maternal age,
race/ethnicity, insurance type at delivery, education
level, parity, number of prenatal visits, obesity, and
renal disease®). Data from a study in Thai pregnant
women'® showed that pre-existing hypertension was
associated with an almost 20-time higher risk of PAH.
In contrast, our study showed that a history of
hypertension was not associated with the risk of PAH.
This may be explained by that risk of PAH may be
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moderated through other strong risk factors such as
MAP in the first trimester and pregestational diabetes,
regardless of the history of hypertension. Also, those
with preexisting hypertension may have already been
prescribed with antihypertensive drugs and having well
disease control. This in turns might counteract the risk
of PAH from pre-existing hypertension.

Our new PAH risk prediction model appeared to
perform better than previously established risk
assessment methods in predicting PAH in Thai
pregnant women. While NICE criteria requiring the
presence or absence of clinical risk factors may be seen
as a simple and practical way to identify individuals/
groups at high risk of developing PAH, this method
performed rather poor in predicting PAH in the Thai
population. By combining clinical, biochemical and
ultrasonographic information for risk prediction,
Poon, et al™ developed risk equations to predict PAH
and they found that the risk equations were superior to
traditional methods using the presence maternal risk
factors in predicting PAH. However, this approach
which requires sophisticated testing and procedures
(calculated using Thermo Fisher software) was not
superior to our PAH prediction model including solely
a small number of clinical risk factors. In fact, our PAH
prediction model performed better than Poon’s
equations in predicting PAH in the Thai pregnant
women. The poor performance of existing methods
may be due to the difference in background risk of PAH
in difference populations and this suggests that
recalibration of risk equations should be done when
applying the risk models to a new population.

The present study underlines the importance of
primary prevention of PAH using a high-risk approach.
Our study suggests that it is feasible to identify pregnant
women who are at high risk of develop PAH, to whom
preventive intervention could be given. In addition to
prescription of prophylactic aspirin, these high-risk
individuals or groups should be given preventive
interventions addressing overweight and obesity as
well as early blood pressure control. However, further
randomized control trials are needed to investigate the
effectiveness of intervention to control body weight and
blood pressure in preventing PAH.

VOL. 29, NO. 1, JANUARY 2021

This was the first study to develop risk score to
predict risk of PAH and found that our new PAH score
performed better than previous approaches in predicting
PAH. This PAH risk score included solely clinical
factors, did not require biochemical or other complicated/
invasive variables. Hence, it is feasible to use the PAH
score in normal practice. However, our study had a
number of limitations. First, this study was performed
in the pregnant women who underwent first trimester
Down syndrome screening test. Although screening
for Down’s syndrome was offered to all pregnant
women, it was not reimbursed by the National Health
Security Office and only a small number of pregnant
women undertook the screening test. They might
represent those who were very health conscious or
those with government official’s health insurance. This
made our study sample a very specific group of
pregnant women. Therefore, generalizability of our
findings to general population of pregnant women at all
age groups and types of health insurance may be
limited. Secondly, as sample size of the present study
was computed using data on association between
chronic hypertension and PAH, it was possible that our
study might not have adequate power to detect the
association of PAH with other risk factors, particularly
biochemical and ultrasonographic factors. Thirdly, a
retrospective study design may not allow investigation
into the association of PAH with factors or variables not
collected in routine practice. Larger and prospective
studies may be needed to be able to demonstrate such
the associations. Fourthly, the gestational age of
abortion was defined as < 26 weeks according to the
agreement of obstetricians and pediatricians in
Sanpasitthiprasong hospital, this is one of the limitations
of this study in the aspect of generalizability.

Conclusions

Pregestational diabetes mellitus, high mean
arterial pressure and pre-pregnancy BMI > 25 kg/m?
were significant risk factors for developing PAH.
Preterm birth and neonatal hypoglycemia were
unfavorable outcomes related to PAH. The new Thai
PAH risk model using data on a few risk factors was
simple and effective at predicting PAH in Thai pregnant
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women. This approach may represent an effective
strategy to identify high risk groups and help prevent
PAH, which in turns might help reduce disease burden
and its complications.
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