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Purpose: To evaluate the effect of low-dose aspirin on preventing early-onset preeclampsia 
during first-trimester screening using maternal factors and biochemistry.
Patients and Methods: This study was a retrospective cohort study of pregnant women 
with singleton pregnancies at a gestational age of 11–13+6 weeks from May 2017 to 
August 2019. Serum pregnancy-associated plasma protein A (PAPP-A)/placental growth 
factor (PLGF) and maternal demographic and clinical characteristics were collected and 
analyzed using a logistic regression model with a preset detection rate of 74% and a 10% 
false-positive rate. Low-dose aspirin was initiated for those screened positive for the 
prevention of early-onset preeclampsia.
Results: Of the 805 women who underwent preeclampsia screening, 78 were screened 
positive for early-onset preeclampsia. With a preset detection rate of 74% and a 10% false- 
positive rate, there were a total of 28 women with preeclampsia, of which 11 developed 
preterm preeclampsia (<37 GA) and three had early-onset preeclampsia with 72% and 75% 
sensitivity and specificity of 93% and 91%, respectively, resulting in an estimated 95% risk 
reduction for early-onset preeclampsia. Early-onset preeclampsia had lower serum PLGF (0.29 
multiple of the median [MoM], range 0.1–0.67) compared with preterm preeclampsia (0.74 
MoM, range 0.1–2.26). PLGF remains the only predictor of early-onset preeclampsia, while 
mean arterial pressure and chronic hypertension are predictors of preterm preeclampsia using 
multivariate regression. No variables accurately predicted the development of early-onset 
preeclampsia with the initiation of low-dose aspirin before the gestational age of 16 weeks.
Conclusion: A remarkable reduction in early-onset preeclampsia was observed with early 
initiation of low-dose aspirin in those screened positive for maternal characteristics and 
serum PAPP-A/PLGF.
Keywords: low-dose aspirin, placental growth factor, preeclampsia, pregnancy-associated 
plasma, protein

Introduction
Preeclampsia, especially early onset, is a major contributor to maternal and peri
natal morbidity and mortality, affecting 2% of pregnancies.1 Impaired placentation 
with reduced placental perfusion and oxidative stress triggers generalized endothe
lial dysfunction and an exaggerated endothelial inflammatory response, causing an 
imbalance between angiogenic and anti-angiogenic factors, leading to the clinical 
manifestation of preeclampsia.2–5 Extensive studies with the purpose of timely 
identification of early-onset preeclampsia by incorporating maternal demographic 

Correspondence: Kim-Seng Law  
Tung’s Taichung Metro Harbor Hospital, 
699 Taiwan Boulevard, Section 8, Wuchi, 
Taichung City, 435, Taiwan  
Tel +886 916120758  
Fax +886 26582000  
Email kimsenglaw@gmail.com

International Journal of Women’s Health 2021:13 1095–1101                                            1095
© 2021 Law and Wei. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Women’s Health                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 26 July 2021
Accepted: 8 October 2021
Published: 12 November 2021

In
te

rn
at

io
na

l J
ou

rn
al

 o
f W

om
en

's
 H

ea
lth

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-2484-3761
mailto:kimsenglaw@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


and clinical characteristics with serum biomarkers and/or 
biophysical profiles reported various detection rates.6–10

Early (gestational age <16 weeks) initiation with low- 
dose aspirin (<300 mg) effectively reduced early-onset 
preeclampsia by transforming the spiral arterioles during 
early placentation and reducing blood resistance.11–15 

Contrary to most studies, a recent randomized controlled 
trial did not find a reduction in preeclampsia in a Chinese 
cohort,19 which might be attributed to a wider range of 
initiation of low-dose aspirin (12–20 gestational age). The 
other proven benefits of low-dose aspirin administered in 
early pregnancy are the prevention of intrauterine growth 
restriction and preterm birth, which has been a routine 
practice in most institutions.20

This study aimed to evaluate the effect of low-dose 
aspirin (100 mg daily until delivery) on early and preterm 
preeclampsia in a Taiwanese population screened positive 
for maternal demographic and clinical characteristics and 
serum pregnancy-associated plasma protein-A (PAPP-A)/ 
placental growth factor (PLGF) during the first trimester in 
a single institution.

Patients and Methods
This retrospective cohort study analyzed the electronic data 
of pregnant women at our institution between May 2017 and 
August 2019. Women with singleton and gestational age of 
11–13+6 weeks were screened based on serum PAPP-A/ 
PLGF and maternal demographic and clinical characteristics 
(medical history and mean arterial pressure [MAP]) at their 
first antenatal visit. The screening was performed using an 
algorithm developed by the Fetal Medicine Foundation8 

with a cut-off reading <1:200 as a high risk of developing 
early-onset preeclampsia and a preset detection rate of 74% 
with a 10% false-positive rate (Genetics Generation 
Advancement Corp. Taipei Taiwan).

Maternal demographics including ethnicity, parity, 
body mass index (BMI), smoking history, diabetes melli
tus, chronic hypertension, previous history of preeclampsia 
were included in the analysis. Fetal gestational age was 
calculated according to the last menstrual period and/or 
determined by ultrasonography with fetal crown-rump 
length measured if the last menstruation could not be 
recalled or if the patient had a history of irregular 
menstruation.

Maternal serum biochemistry with PAPP-A and PLGF 
[converted to multiples of the median (MoM)] using an 
automated biochemical analyzer (BRAHMS KRYPTOR; 
Thermo Fisher Scientific, Hennigsdorf, Germany) was 

carried out by Genetic Generation Advancement Corp. 
Taipei Taiwan. MAP was measured in duplicates using 
a validated automated electronic BP device according to 
the standard guideline.16 Most of the low-dose aspirin 
(Bokey) of 100 mg was administered daily before week 
16 in those screened positive until delivery. Mothers who 
experienced abortion or stillbirth due to congenital anoma
lies and those who did not show signs of preeclampsia at 
the same time were excluded.

Early-onset preeclampsia was defined as hypertension 
(SBP ≥ 140 mmHg or DBP ≥ 90 mmHg) plus proteinuria 
before 34 gestational age, preterm preeclampsia before 37, 
and term preeclampsia after 37 gestational age. The 
Institutional Review Board of Tung’s Taichung Metro 
Harbor Hospital (IRB #108031 and protocol number 
TTMHH-109C0005 was approved before the commence
ment of this study. An IRB with the number 108031 and 
the Trial number TTMHH-109C0005 was obtained from 
Tung’s Taichung MetroHarbour Hospital with a waiver of 
medical records consent from the patients due to confiden
tiality required by the boards of IRB board, and this was in 
compliance in accordance with the Declaration of 
Helsinki.

Maternal demographics data were presented using 
descriptive statistics. Continuous variables were repre
sented as mean plus range and compared using the 
Student’s t-test. Categorical variables were expressed 
numerically as percentages and compared using the chi- 
square test or Fisher’s exact test, as appropriate. With the 
outcome of preterm preeclampsia as the responsive vari
able, a multivariate logistic regression model was built for 
each variable. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were calculated. Statistical significance 
was set at P < 0.05. All statistical analyses were performed 
using R (R Core Team 2019), a language and environment 
for statistical computing developed by the R Foundation 
for Statistical Computing, Vienna, Austria. URL, https:// 
www.R-project.org/).

Results
There were 823 women with singletons who underwent 
first-trimester preeclampsia screening during the study 
period; 18 were excluded because they did not meet the 
gestational age criterion. Among the remaining 805 
patients, 78 were positive (with a cut-off <1:200), of 
which 28 had preeclampsia with 11 preterm preeclampsia 
and three early-onset preeclampsia. Among the 727 
women who tested negative, 29 developed preeclampsia 
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with seven preterm preeclampsia and one early-onset pre
eclampsia (Figure 1). The overall preeclampsia rate was 
7%, with early-onset preeclampsia (0.5%), preterm pree
clampsia (2.1%), and term preeclampsia (4.9%). The aver
age delivery ages for early-onset and preterm preeclampsia 
were 30.32 and 33.8 weeks, respectively.

With a preset detection rate of 74% and a false-positive 
rate of 10% used in this model, the reduction of risk with 
the initiation of low-dose aspirin to prevent early-onset 
preeclampsia was 95%.

Demographic data for those who developed preterm pre
eclampsia and those not affected are shown in Table 1, with 

Figure 1 Flow chart.

Table 1 Demographic Characteristics

Parameter Total (n = 805) Early Onset Preeclampsia  
(n = 4)

No Early-Onset Preeclampsia  
(n = 801)

p-value

Age (years) 33.39 (18–48) 37 (30–41) 33.37 (18–48) 0.109a

<40 732 (90.93) 2 (50) 730 (91.14) 0.043b

≥40 73 (9.07) 2 (50) 71 (8.86)

BMI (kg/m2) 23.79 (15.81–43.75) 24.27 (21.9–26.67) 23.79 (15.81–43.75) 0.831a

<30 731 (90.81) 4 (100) 727 (90.76) >0.999b

≥30 74 (9.19) 0 (0) 74 (9.24)

PAPP-A (MoM) 1.56 (0.04–5.49) 1.02 (0.83–1.23) 1.56 (0.04–5.49) 0.004a

PlGF (MoM) 1 (0.1–4.34) 0.29 (0.1–0.67) 1 (0.12–4.34) 0.002a

MAP (MoM) 0.97 (0.59–1.43) 1.19 (1–1.33) 0.97 (0.59–1.43) <0.001a

Parity 0.318b

≥1 344 (42.73) 3 (75) 341 (42.57)
0 461 (57.27) 1 (25) 460 (57.43)

Hypertension (>140/90 mmHg) 0.026b

No 749 (93.04) 2 (50) 747 (93.26)

Yes 56 (6.96) 2 (50) 54 (6.74)

Notes: Data are presented as mean (range) or number (%). aStudent’s t-test. bFisher’s exact test. 
Abbreviations: BMI, body mass index; PAPP-A, pregnancy-associated plasma protein A; PLGF, placenta growth factor.
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BMI 27.39 vs 23.71 kg/m2, PAPP-A/PLGF, 1.2 MoM vs 1.57 
MoM, and 0.74 MoM vs 1 MoM, respectively. MAP was 
higher in those who developed preterm preeclampsia, and 
more women with a history of chronic hypertension subse
quently developed preterm preeclampsia. Similar demo
graphic and clinical characteristics were observed in those 
who developed early-onset preeclampsia and those who 
were not affected. Serum PAPP-A, PLGF, MAP, and chronic 
hypertension had a linear correlation with early-onset pree
clampsia, except for BMI (Table 2). A lower serum PLGF was 
observed in those who later on developed early-onset pree
clampsia compared to those who had preterm preeclampsia 
(0.29 MoM, range 0.1–0.67 vs 0.74 MoM, range, 0.1–2.26).

Multivariate regression analysis showed that only 
serum PLGF was relevant for the development of early- 
onset preeclampsia (Table 3). Chronic hypertension and 
high MAP were the two predictors of preterm preeclamp
sia (Table 4). Table 5 reveals that those screened positive 
and prescribed low-dose aspirin before week 16 had no 
single variable predicting early-onset preeclampsia, while 
serum PLGF and MAP were correlated with the develop
ment of preterm preeclampsia (Table 6).

Table 7 shows the distribution of low-dose aspirin 
initiation between different gestational ages in those who 
were screened positive.

Discussion
Early initiation of low-dose aspirin reduces 95% of pre
sumed early-onset preeclampsia in the present analysis by 
using maternal characteristics and biomarkers in first- 
trimester preeclampsia screening.

Although the preventive role of low-dose aspirin 
has been extensively studied in western countries,11–15 

there have been no data reporting the risk reduction of 
low-dose aspirin in the Taiwanese population to date.

Predictive performance for early-onset and preterm 
preeclampsia by combining maternal demographic charac
teristics with serum biomarkers (PAPP-A/PLGF) was 75% 
and 72% with a specificity of 90.6% and 93%, respec
tively, similar to previous findings.7,8,10 Serum PLGF 
remained the only predictor of preeclampsia in the present 
multivariate analysis and was found to be much lower in 
those who later developed early-onset preeclampsia than 
in those who had preterm preeclampsia. The effect of low- 
dose aspirin administered before week 16 precludes 
a sensitive marker for predicting early-onset preeclampsia, 
which may be replaced with the ratio of soluble Fms-like 
tyrosine kinase-1 to PLGF in the second trimester, as used 
in current practice for a more accurate prediction of emi
nent preeclampsia.7,12,17

Table 2 Demographics of the Study Population

Parameter Total (n = 805) Preterm 
Preeclampsia (n = 18)

No Preterm Preeclampsia (Including Term 
Preeclampsia) (n = 787)

p-value

Age (years) 33.39 (18–48) 34.22 (24–43) 33.37 (18–48) 0.429a

<40 732 (90.93) 14 (77.78) 718 (91.23) 0.072c

≥40 73 (9.07) 4 (22.22) 69 (8.77)

BMI (kg/m2) 23.79 (15.81–43.75) 27.39 (17.99–41.74) 23.71 (15.81–43.75) <0.001a

<30 731 (90.81) 14 (77.78) 717 (91.11) 0.075c

≥30 74 (9.19) 4 (22.22) 70 (8.89)

PAPP-A (MoM) 1.56 (0.04–5.49) 1.2 (0.42–3.15) 1.57 (0.04–5.49) 0.046a

PlGF (MoM) 1 (0.1–4.34) 0.74 (0.1–2.26) 1 (0.12–4.34) 0.014a

MAP (MoM) 0.97 (0.59–1.43) 1.16 (1–1.39) 0.96 (0.59–1.43) <0.001a

Parity >0.999b

≥1 344 (42.73) 8 (44.44) 336 (42.69)
0 461 (57.27) 10 (55.56) 451 (57.31)

Hypertension (> 140/ 
90 mmHg)

<0.001b

No 749 (93.04) 8 (44.44) 741 (94.16)

Yes 56 (6.96) 10 (55.56) 46 (5.84)

Notes: Data are presented as mean (range) or number (%). aStudent’s t-test. bChi-square exact test. cFisher’s exact test.
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In the screening for preeclampsia that required emer
gent delivery before week 34, the detection rate, at a false 

positive rate of 10%, was approximately 50% using mater
nal characteristics alone. This was improved to approxi
mately 90% with the addition of biophysical markers and 
approximately 75% with biochemical markers. The detec
tion rate increased to more than 95% with a combination 
of maternal factors, biophysical markers, and biochemical 
markers.18

The mechanisms that underlie early- and late-onset 
preeclampsia were different, with low-dose aspirin exert
ing its effect by reversing abnormal vascularity formation 
in early gestation with no effect observed in those with 
abnormal vasculature in chronic hypertension,14–16 which 
was also demonstrated in this study. There were no single 
markers that could reliably predict which women would 
subsequently develop early-onset preeclampsia among 
those screened positive and who had received prophylactic 
low-dose aspirin compared to those who developed pre
term preeclampsia with lower serum PLGF and higher 
MAP that were not deterred by the effect of early initiation 
of low-dose aspirin.

The mode of conception was another issue that should 
be addressed while screening for preeclampsia, as some 

Table 3 Results of Multivariate Logistic Regression

Parameter OR (95% CI) p-value

Age (years) 0.545
<40 Ref

≥40 3.846 (0.023, 

275.108)

BMI (kg/m2) 0.996

<30 Ref
≥30 < 0.001 (-Inf, Inf)

PAPP-A (MoM) 0.467 (0.004, 

15.519)

0.699

PLGF (MoM) <0.001 (0, 0.014) 0.044
MAP (MoM) 54953152 (-Inf, Inf) 0.088

Parity 0.904
≥1 Ref

0 1.258 (0.029, 

125.546)

Hypertension (>140/90 

mmHg)

0.141

No Ref

Yes 37.354 (0.49, 

29018595)

Table 4 Adjusted Odds Ratio Between Preterm Preeclampsia 
and Maternal Factors/Biochemistry

Parameter OR (95% CI) p-value

Age (years) 0.112

<40 Ref

≥40 3.566 (0.656, 16.081)

BMI (kg/m2) 0.671

<30 Ref
≥30 0.725 (0.143, 2.868)

PAPP-A (MoM) 0.4 (0.132, 1.023) 0.077
PLGF (MoM) 0.231 (0.035, 1.179) 0.101

MAP (MoM) 19378.94 (214.526, 

2667239.006)

<0.001

Parity 0.255
≥1 Ref

0 2.02 (0.627, 7.316)

Hypertension (>140/90 

mmHg)

0.001

No Ref
Yes 7.589 (2.183, 26.99)

Table 5 Results of the Subgroup Analysis Subjects Tested 
Positive (n = 78)

Parameter OR (95% 
CI)

p-value

Age (years) >0.999

<40 Ref
≥40 45609186 (0, Inf)

BMI (kg/m2) 0.999
<30 Ref

≥30 3.73E+17 (0, Inf)

PAPP-A (MoM) 0.017 (0, Inf) >0.999

PLGF (MoM) 0 (0, Inf) 0.998
MAP (MoM) 2.37E 

+155

(0, Inf) 0.999

Parity >0.999

≥1 Ref

0 2.143 (0, Inf)

Hypertension (>140/90 mmHg) 0.999

No Ref
Yes 1.09E+59 (0, Inf)

Dosing before week 16 >0.999
No

Yes 8.68E+18 (0, Inf)
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authors21 have found higher odds of developing pree
clampsia in those conceived by IVF; however, we are 
unable to distinguish those who conceived through IVF 
due to incomplete data registration.

The initiation of low-dose aspirin should be started at 
16 weeks or earlier, as demonstrated by Bujold et al,20 

with a significant reduction in preeclampsia (RR, 0.47; 
95% CI, 0.34–0.65). Only three of the 78 patients who 
tested positive were administered with low-dose aspirin 
after 16 weeks in our study, with a trivial effect on our 
final analysis.

The limitation of our study is its retrospective nature and 
the inherent loss of data in some fields. Moreover, the 
uterine arterial pulsatility index was not incorporated into 
the prediction model, which could have a lower sensitivity 
than the current standard triple test. In addition, no external 
validation of the prediction model applied in this study has 
been carried out, which could raise the debate on its accu
racy. The dosage of 100 mg aspirin administered in this 
study is another issue that should be addressed, as the 
American College of Obstetrics and Gynecology/USPSTF 
and Maternal-Fetal Medicine recommend a higher dosage of 
aspirin (150 mg) in current practice. However, this is the first 
study involving a cohort of Taiwanese women with detailed 
maternal demographic characteristics documented and con
sistently administered prophylactic low-dose aspirin with 
follow-up at the same institution. The effect of early initia
tion of low-dose aspirin in the study population has been 
very encouraging, which merits more in-depth investigation 
to verify the benefits in our population.

Conclusions
A remarkable reduction was observed in early-onset pre
eclampsia with early initiation of low-dose aspirin in those 
screened positive for maternal characteristics and serum 
PAPP-A/PLGF. The incorporation of uterine artery 

Table 6 Correlation of Tested Positive (78) with the Development of Preterm Preeclampsia

Parameter OR (95% CI) p-value

Age (years) 0.615
<40 Ref

≥40 0.434 (0.011, 9.692)

BMI (kg/m2) 0.869

<30 Ref
≥30 1.201 (0.116, 10.909)

PAPP-A (MoM) 0.224 (0.012, 2.312) 0.254
PLGF (MoM) 0.001 (0, 0.139) 0.018

MAP (MoM) 4285811 (137.526, 1335023379131.13) 0.008

Parity 0.633

≥1 Ref

0 0.662 (0.118, 3.809)

Hypertension (>140/90 mmHg) 0.057

No Ref
Yes 17.089 (1.286, 542.497)

Dosing before week 16 0.993
No

Yes 223980968.874 (0, 999999999)

Table 7 Distribution of Bokey Initiated in Different Gestational 
Weeks

Gestational Week Number

4+0 ~ 4+6 1

7+0 ~ 7+6 1
8+0 ~ 8+6 1

12+0 ~ 12+6 7

13+0 ~ 13+6 18
14+0 ~ 14+6 30

15+0 ~ 15+6 10

16+0 ~ 16+6 7
17+0 ~ 17+6 2

18+0 ~ 18+6 1
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pulsatility index along with maternal biophysical and bio
chemistries should be explored in future studies to better 
suit our population.
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