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Abstract 

Background: This study investigated whether maternal serum D-dimer (DD) alone or DD combined with alpha-
fetoprotein (AFP) and free β-subunit of human chorionic gonadotropin (free β-hCG) in the second trimester could be 
used to predict hypertensive disorders of pregnancy (HDP).

Materials and methods: In this retrospective case–control study, the data of gravidas patients who delivered at hos-
pital were divided into the following groups: control (n = 136), gestational hypertension (GH, n = 126), preeclampsia 
(PE, n = 53), and severe preeclampsia (SPE, n = 41). Receiver operator characteristic (ROC) curves were used to evalu-
ate the diagnostic value of maternal serum DD, AFP, and free β-hCG levels for HDP.

Results: DD levels of the GH, PE, and SPE groups were significantly higher than that of the control group (P < 0.001). 
The order of effectiveness for models predicting HDP was as follows: DD + AFP + free β-hCG > DD > DD + AFP > D
D + free β-hCG > AFP + free β-hCG > AFP > free β-hCG. For predicting different types of HDP, DD alone had the best 
diagnostic value for SPE, followed by PE and GH. DD alone had a sensitivity of 100% with a 0% false negative rate and 
had the highest positive likelihood ratio (+ LR) for SPE. DD alone in combination with AFP alone, free β-hCG alone and 
AFP + free β-hCG could reduce false positive rate and improve + LR.

Conclusion: DD is possible the best individual predictive marker for predicting HDP. Levels of DD alone in the second 
trimester were positively correlated with the progression of elevated blood pressure in the third trimester, demon-
strating the predicting the occurrence of HDP. The risk calculation model constructed with DD + free β-hCG + AFP 
had the greatest diagnostic value for SPE.
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Background
Hypertensive disorders of pregnancy (HDP) are obstetric 
complications that can lead to adverse events for both the 
pregnant woman and the fetus, including increased risk 
of maternal stroke, lower birth weight, neonatal inten-
sive care needs, and maternal and perinatal deaths [1–3]. 
HDP complicate up to 10% of pregnancies worldwide, 
seriously threatening pregnant women and perinatal chil-
dren, and are the second leading cause of maternal death 
and amniotic fluid embolism, but their etiology and 
pathogenesis are not fully clear [4, 5]. Preeclampsia (PE) 
is the most common pregnancy complication associated 
with HDP, affecting 5–8% of all pregnancies. Peripheral 
vasoconstriction secondary to maternal systemic inflam-
mation is sufficient for the development of PE-induced 
hypertension [6, 7]. The identification of HDP during 
pregnancy plays a vital role in first-line management and 
appropriate referrals to specialist care [6]. Furthermore, 
HDP are known to predispose women to ongoing hyper-
tension and associated cardiovascular morbidity later in 
life [8].

Noninvasive examination of maternal serum alpha-
fetoprotein (AFP) and free β subunit of human chorionic 
gonadotropin (free β-hCG) have been extensively applied 
in the detection of fetal Down’s syndrome (DS), open 
neural tube defects, Edwards’ syndrome, and other dis-
eases  [9, 10]. One meta-analysis showed that combined 
screening markers detected approximately 90% of all DS 
pregnancies, with a false positive rate of 5% [11].

D-dimer (DD) is a small protein fragment that is 
degraded by fibrinolysis. It is the smallest fragment of 
the fibrin degradation products and increases signifi-
cantly during pregnancy [12, 13]. DD is one of the most 
valuable indicators for the diagnosis and management of 
thrombotic states in those with venous thromboembo-
lism, atrial fibrillation, and cancer, as well as those who 
are pregnant or undergoing surgery. DD has high sensi-
tivity and negative predictive value (NPV), but its speci-
ficity is lower [14, 15]. A case–control study showed that 
elevated levels of DD measured at gestational ages above 
20 weeks were significantly associated with severe preec-
lampsia (SPE) [16]. This research revealed the pathophys-
iological mechanisms that contributed to the enhanced 
coagulation and impaired fibrinolysis associated with the 
condition [16, 17]. Our previous research indicated that 
elevated maternal serum AFP MoM values in the sec-
ond trimester were a risk factor for PE, but AFP alone 
was less sensitive and reliable than combined screening 

markers [18]. Bredaki et  al. showed that measuring 
maternal serum AFP in the first and second trimesters 
improved the prediction of preterm PE [19]. There are 
some markers detected in second trimester for predict-
ing HDP. Expression of placental growth factor (PlGF) 
precede preeclampsia by several weeks and its expression 
decreases in preeclampsia. Recent research suggests that 
PlGF may be a useful adjunct in the management of pre-
eclampsia [20]. The uterine artery doppler acquisition is 
in the prediction of subsequent development of PE and 
improve risk assessment [21].

To our knowledge, there has been little research on the 
prediction of HDP using a combination of DD, AFP, and 
free β-hCG in the second trimester. Currently, we have 
no method to accurately predict who early on in preg-
nancy will go on to develop HDP after 20  weeks gesta-
tion, missing a potential window for early intervention 
and prevention of hypertension-related complications. 
The objectives of this study were to present the distribu-
tions of different screening marker concentrations and 
examine their predictive value for different types of HDP.

Methods
Study design
This was a retrospective observational case–control 
study of women recruited at their routine second-tri-
mester aneuploidy screening appointment (15  weeks to 
20  weeks and 6  days of gestation) at Hangzhou Wom-
en’s Hospital (Hangzhou Maternity and Child Health 
Care Hospital) between November 2014 and April 2019. 
Finally, we recruited 356 pregnant women, including 136 
HDP-free pregnant women and 220 pregnant women 
with HDP (126 cases of gestational hypertension [GH], 
53 cases of PE, and 41 cases of SPE) from whom we 
obtained second trimester serum samples. We aimed to 
recruit similar numbers of PE and SPE patients and ran-
domly selected participants for the control group. This 
study was approved by the medical ethics committee of 
the Hangzhou Women’s Hospital [2020] Medical Ethics 
Review A (10)-11.

Diagnostic criteria and exclusion criteria
After careful screening, a total of 356 pregnant women 
with a complete set of available serum samples were 
selected. Patients were divided into four groups (control, 
GH, PE, and SPE) based on the Guidelines for Diagno-
sis and Treatment of Hypertension during Pregnancy 
(2015) [22]. GH was defined as new-onset hypertension 
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(systolic blood pressure ≥ 140  mmHg and/or diastolic 
blood pressure ≥ 90  mmHg, 1  mmHg = 0.133  kPa) after 
20  weeks of gestation with recovery within 12  weeks 
after delivery and negative urine protein. Patients diag-
nosed with PE had blood pressure levels higher than 
140/90 mmHg and proteinuria but had no other indica-
tors. Patients diagnosed with SPE met one or more cri-
teria (hypertensive crisis, renal or hepatic dysfunction, 
pulmonary edema, or eclampsia) at hospital admission or 
during hospitalization. The exclusion criteria were as fol-
lows in Fig. 1: (1) co-existing medical conditions, such as 
diabetes mellitus, hyperthyroidism, heart disease, kidney 
disease, autoimmune disease, blood disease, or a history 
of immunotherapy, blood transfusion, or special medica-
tions during pregnancy; (2) history of special pregnancy, 
such as infants conceived in vitro or plural gestations; (3) 

congenital birth defects; or (4) more than three missing 
clinical data points.

Reagents and apparatus
Enzyme linked immunosorbent assays (ELISAs) were 
used to detect DD (RK72S34, IBM, San Francisco, USA). 
Plates were washed with a 988 Plate Washer (Tianshi, 
Beijing, China) and detected using an Rt-6100 Plate 
Reader (Rayto, Shenzhen, China). A1235  Automatic 
Immunoassay System (PerkinElmer, Shelton, CT, USA) 
and a double labeling kit (AFP/free β-hCG) for the sec-
ond trimester were used with washing liquid, quality con-
trol samples, and a range of standards (Wallac Oy, Turku, 
Finland).

Blood samples and screening indicators
Fasting venous blood samples (2–3  mL) were collected 
from pregnant women between 15 and 20  weeks and 
6  days of gestation. After detection of AFP and free 
β-hCG, the remaining serum was stored at − 80 °C. After 
accumulating a certain number of specimens, the infor-
mation of the HDP and control groups was matched with 
the stored serum samples before measuring DD. The DD 
tests correlated between fresh and frozen sample. The 
acceptable freeze–thaw cycles for DD at − 80 °C [23].

Construction of risk prediction models for HDP
A lifecycle-like risk value calculation model for HDP con-
sisting of a MoM calculation, a lifecycle-like risk value 
calculation, and a risk definition was constructed.

MoM calculation
In unaffected pregnancies, aneuploidy screening mark-
ers change with gestational age [24]. Therefore, levels of 
DD, AFP and free β-hCG were expressed using MoM 
values. MoM values are calculated by dividing the orig-
inal concentrations of DD, AFP and free β-hCG by the 
population median at the gestational age at which the 
marker was tested. MoM adjustments for covariables 
such as gestational age and maternal weight were also 
performed according to published data [24].

The MoM value calculation formula: MoM =

Original Conj.
Median Original Conj

.
The MoM value adjusted by maternal weight and ges-

tational age (GA):
GAMed = 10

(−2.577×GA+0.004083×GA
2
+0.004083×GA

3
−0.0001541×GA

4
−21.36)

Same as maternal weight.

Lifecycle‑like risk value calculations
Risk models were constructed using DD, AFP and free 
β-hCG alone and in combination using the likelihood 
ratio construction method. The MoM values of AFP, 
free β-hCG, and DD had multivariate normal distribu-
tions. Parameters corresponding to marker distribu-
tions were calculated according to the calculated risk, 
the modeling method used, and the distribution. Seven 
HDP risk predictive models were constructed using 
the likelihood for the distribution, as shown in Fig.  1: 
model 1, DD MoM alone; model 2, AFP MoM alone; 
model 3, free β-hCG MoM alone; model 4, DD + AFP; 
model 5, DD + free β-hCG; model 6, AFP + free β-hCG; 
model 7, DD + AFP + free β-hCG.

Risk definition
We defined an equation for each marker’s median spec-
ificity from a preliminary study [25]

using the likelihood ratio calculation:

The likelihood for a three-dimensional normal distri-
bution was calculated as follows:

Let χ be the vector of three-dimension normal distri-
bution: χ = (χ1, χ2, χ3)T

Adjusted MoM =
MoM

Gestational ageMedian×Maternal Weight Median

LRmultinorm =
likelihood of SPE group

likelihood of control group

f (x) =
1

√

(2π)3 · |�|

exp

(

−
1

2

[

(x − µ)T ·�−1
· (x − µ)

]

)
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Archive data at Hangzhou Women’s Hospital (Hangzhou Maternity and Child Health Care Hospital), 

between November 2014 and April 2019

blood transfusion, 

special medications during 

pregnancy

2)  infants conceived in vitro or plural 

gestations; 

3)  congenital birth defects;
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Fetuses in singleton pregnancies at 15 to 20 weeks and 6 days of gestation
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immunotherapy, 
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Maternal weight (kg)

Fig. 1 Workflow of development of prediction model
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where, |Σ| is the determinant of the covariance matrix 
of χ, Σ−1 represents the inverse matrix of the covariance 
matrix of χ, and µ is the average. χ denotes the logarithm 
of the DD MoM, AFP MoM, and free β-hCG MoM value 
[24].

The ultimate risk of SPE was calculated as follows:

The risk models for GH, PE and HDP were con-
structed using the same method.

Statistical analysis
Microsoft Excel (2007) software was used to build a data-
base, and IBM SPSS 21.0 Statistics version 21.0 (IBM 
Corp., Armonk, NY, USA) was used for statistical pro-
cessing. One-sample Kolmogorov–Smirnov tests were 
used to test normality. Maternal age, gestational age at 
testing, and maternal weight in the second trimester were 
normally distributed and expressed as mean ± stand-
ard deviation ( x ± s). One-way analysis of variance was 
employed to test differences between groups and Dun-
nett T tests were employed to test differences among 
groups. DD, AFP, and free β-hCG showed a skewed dis-
tribution and are expressed as median and percentile 
[M  (P2.5,  P97.5)]. Skewed data were compared within or 
between groups using the Kruskal–Wallis H (K) test or 
the Mann–Whitney U test. Risk models were constructed 
using the likelihood ratio construction method with 
Python 3.7 software (https ://www.pytho n.org/). Cut-off 
and area under the curve (AUC) values were determined 
using receiver operator characteristics (ROC) curves to 
assess the diagnostic value of DD, AFP, and free β-hCG 
for HDP, and the optimal cut-off and AUC values and 
Youden index were calculated. The positive predictive 
value (PPV), NPV, positive likelihood ratio (+ LR) and 
negative likelihood ratio (−LR) values were used to assess 
model performance. P < 0.05 was considered statistically 
significant.

riskSPE =
1

LRmultinorm × riskMaternal age

Results
Comparison of basic demographic data
The characteristics of the study participants are summa-
rized in Table 1. The maternal age of the GH, PE and SPE 
groups was higher than that of the control group, and 
there was no statistical difference between the groups 
(F = 1.055, P = 0.368). The second trimester gestational 
age of the GH, PE and SPE groups was lower than that 
of the control group, and there was no statistical differ-
ence between groups (F = 1.460, P = 0.225). The second 
trimester maternal weight of the GH, PE and SPE groups 
was higher than that of the control group and the differ-
ence was statistically significant (F = 23.809, P < 0.001).

Comparison of maternal serum AFP, free β‑hCG, and DD 
across the four groups (Table 2 and Fig. 2)
DD levels differed significantly between the groups and 
pairwise comparisons between groups showed statisti-
cally significant differences (χ2 = 104.427, P < 0.001). The 
MoM value for DD of the SPE groups was 1.34 and was 
significantly higher than the MoM of the control, GH and 
PE group (0.89, Z = 3.034; 1.02, Z = 6.053; 1.16, Z = 9.398, 
all P < 0.05). The level of maternal serum DD tended to 
gradually increase with the progress of hypertension, as 
shown in Fig. 2a.

The MoM values for AFP of the GH, PE, and SPE 
groups were 0.98, 0.99 and 1.09 respectively, and were 

Table 1 Comparison of demographic data in the second trimester between the different groups

GH gestational hypertension, PE preeclampsia, SPE severe preeclampsia.*P < 0.001

Groups n Maternal age (years) Gestational age at testing (days) Maternal weight (kg)

Control 136 28.26 ± 2.67 118.00 ± 4.00 53.64 ± 5.41

GH 126 28.84 ± 3.35 117.00 ± 5.00 63.06 ± 11.35

PE 53 28.86 ± 2.98 118.00 ± 6.00 59.68 ± 11.26

SPE 41 28.83 ± 3.05 118.00 ± 4.00 57.02 ± 8.32

P 0.368 0.225  < 0.001*

Table 2 AFP, free β-hCG and  DD (MoM) in  the  different 
groups at the screening

DD D-dimer, AFP alpha-fetoprotein, free β-hCG free β subunit of human chorionic 
gonadotropin, GH gestational hypertension, PE preeclampsia, SPE severe 
preeclampsia, MoM multiple of the median.*P < 0.001; **P < 0.05

Groups n DD MoM AFP MoM Free β‑hCG 
MoM

Control 136 0.89 (0.50–1.42) 0.96 (0.58–1.68) 1.02 (0.36–3.24)

GH 126 1.02 (0.77–1.23) 0.98 (0.58–1.65) 0.93 (0.40–2.71)

PE 53 1.16 (0.69–1.47) 0.99 (0.47–1.62) 0.97 (0.24–2.80)

SPE 41 1.34 (1.06–1.64) 1.09 (0.39–2.23) 1.07 (0.43–3.52)

P  < 0.001* 0.009** 0.309

https://www.python.org/


Page 6 of 12Chen et al. J Transl Med           (2021) 19:94 

significantly higher than that of the control group (0.96; 
χ2 = 11.691, P = 0.009). In addition, AFP levels of the 
SPE group were higher than those of the control groups 
(Z = 3.336, both P = 0.005), but AFP levels were not sta-
tistically different between the other groups (P > 0.05). 
(Fig. 2b).

The MoM values for free β-hCG of the GH, PE, and SPE 
groups were 0.93, 0.97 and 1.07 respectively, which was 
lower than that of the control group 1.02, but there was no 
statistical difference between the other groups (χ2 = 3.593, 
P = 0.309), as shown in Fig. 2c.

Predictive value of DD, AFP, and free β‑hCG for GH, PE, SPE, 
and HDP (Table3 and Fig. 3)
For predicting GH and PE, DD alone had diagnostic 
value, with an AUC of 0.642, 0.767 (P < 0.001). DD com-
bined with AFP alone, free β-hCG alone and AFP + free 
β-hCG had diagnostic value and improved the specific-
ity for GH and PE (P < 0.001, Fig.  3a, b). AFP alone, DD 
alone, DD + AFP, DD + free β-hCG, AFP + free β-hCG and 
DD + AFP + free β-hCG all had diagnostic value as predic-
tors for SPE (all P < 0.05, Fig.  3c). The sensitivities of DD 
and DD + AFP + free β-hCG were highest, and the sensitiv-
ity of DD + AFP + free β-hCG was 1.000. Both DD alone 
and DD + AFP + free β-hCG were found to have diagnostic 
value for predicting HDP (P < 0.001, Fig. 3d) with the fol-
lowing order of effect: DD + AFP + free β-hCG > DD > DD 
+ AFP > DD + free β-hCG > AFP > AFP + free β-hCG > free 
β-hCG. Both DD alone, DD + AFP, DD + free β-hCG, and 
DD + AFP + free β-hCG had diagnostic value for predict-
ing different types of HDP (P < 0.001) with the following 
order of effect: SPE > PE > GH.

Value evaluation of risk models (Table 4)
Evaluation of the diagnostic value of models for GH, 
PE and SPE showed that the PPV and NPV of DD alone, 
DD + AFP, DD + free β-hCG, and DD + AFP + free β-hCG 
were higher than that of AFP + free β-hCG. DD alone 

in combination with other indicators (AFP alone, free 
β-hCG alone and AFP + free β-hCG) could reduce FPR and 
improve + LR.

Discussion
This research was a retrospective observational case–
control study based on prenatal screening in the second 
trimester. Maternal serum levels of DD, AFP, and free 
β-hCG in women with HDP (GH, PE, and SPE) and con-
trols were assessed. We established a multi-index model 
of DD, AFP, and free β-hCG to calculate the risk of HDP. 
The results demonstrated that levels of DD in the sec-
ond trimester were significantly higher in the GH, PE, 
and SPE groups than in the control group (P < 0.001). In 
addition, serum DD levels of pregnant women showed a 
gradually increasing trend with the progression of HDP, 
suggesting that DD seems to be the most promising of 
those markers, with a significant trend related to severity 
of the disease.

While AFP had diagnostic value for SPE and free 
β-hCG was not predictive of GH, PE, or SPE, combining 
free β-hCG and AFP increased the AUC and sensitivity 
of the prediction model, thereby improving their predic-
tive effects. The best risk calculation model combined 
DD + AFP + free β-hCG.

For different types of HDP, DD + AFP + free β-hCG 
had the best diagnostic value for SPE, followed by PE 
and GH. Therefore, simultaneous screening for fetal 
aneuploidy and maternal HDP can be performed based 
on AFP, free β-hCG, and DD in the second trimester of 
pregnancy. The cut-off values of DD + AFP + free β-hCG 
for GH, PE, SPE, and HDP were 0.790, 0.952, 0.706, and 
1.429, respectively. The positive and negative predictive 
values of DD + AFP + free β-hCG for GH, PE, SPE, and 
HDP were 0.642 and 0. 849, 0.484 and 0.917, 0.554 and 
1.000, and 0.784 and 0.592, respectively. These results 
indicated that the appropriate cut-off value differed for 
different HDP types.

Fig. 2 Comparison of DD, AFP, and free β-hCG MoM among the four groups. a DD MoM; b AFP MoM; c free β-hCG MoM. DD D-dimer, AFP 
alpha-fetoprotein, free β-hCG Free beta subumit of human chorionic gonadotropin, GH gestational hypertension; PE Preeclampsia, SPE severe 
preeclampsia
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The second trimester maternal weight of women in 
the GH, PE, and SPE groups was significantly higher 
than that of the control group (P < 0.001), suggesting 
that increased maternal weight in the second trimester 
may be connected with HDP. The + LR of DD alone was 
lower than that of DD + AFP + free β-hCG for PE, SPE, 
and HDP, indicating that the risk model prediction of DD 
alone for PE, SPE, and HDP was more likely to be a true 
positive when the test results were positive.

After analyzing results in Table  3, the most relevant 
result is that for SPE, DD alone has a sensitivity of 
100% with a 0% false negative rate. The addition of the 
other markers only improve specificity by 4.4% but with 

a significant increase in economic cost if we want to 
reply this model in countries without a second trimes-
ter Down’s Syndrome screening program. Moreover, 
DD alone has the high + LR for GH, PE, and SPE (1.478, 
2.357, 3.487) considering a good marker above this cut-
off. This analysis reinforces the results that DD is possi-
ble the best individual predictive marker. In addition, the 
-LR of DD + AFP + free β-hCG was lower than that of 
DD alone for PE, suggesting that the risk model predic-
tion of DD alone for PE was more likely to be a true nega-
tive when the test results were negative. The -LR of DD 
alone was lower than that of DD + AFP + free β-hCG for 
GH and HDP. Therefore, it is necessary to take individual 

Table 3 Predicting value of DD, AFP and free β-hCG separate or joint screening for GH, PE, SPE and HDP

DD D-dimer, AFP alpha-fetoprotein, free β-hCG free beta subumit of human chorionic gonadotropin, MoM multiple of the median, GH gestational hypertension, PE 
Preeclampsia, SPE severe preeclampsia, HDP Hypertensive disorders of pregnancy, AUC  area under curve. *P < 0.001; **P < 0.05

Groups (n) screening indicators AUC 95%CI P Cut‑off Sensitivity Specificity Youden index

GH (126)

 DD 0.642 0.573–0.711  < 0.001* 0.755 1.000 0.324 0.324

 AFP 0.537 0.467–0.608 0.295 0.875 0.667 0.426 0.093

 Free β-hCG 0.537 0.467–0.608 0.295 1.155 0.698 0.449 0.147

 DD + AFP 0.746 0.686–0.805  < 0.001* 0.652 0.921 0.500 0.421

 DD + free β-hCG 0.743 0.683–0.802  < 0.001* 0.573 0.937 0.500 0.437

 AFP + free β-hCG 0.553 0.484–0.623 0.136 1.037 0.651 0.485 0.136

 DD + AFP + free β-hCG 0.757 0.700–0.815  < 0.001* 0.790 0.897 0.537 0.434

PE (53)

 DD 0.767 0.698–0.835  < 0.001* 0.965 0.849 0.640 0.489

 AFP 0.567 0.471–0.664 0.151 1.205 0.377 0.816 0.194

 Free β-hCG 0.511 0.418–0.604 0.814 0.440 0.113 0.971 0.084

 DD + AFP 0.765 0.698–0.833  < 0.001* 0.804 0.868 0.618 0.486

 DD + free β-hCG 0.772 0.704–0.840  < 0.001* 0.947 0.830 0.647 0.477

 AFP + free β-hCG 0.547 0.458–0.637 0.312 0.873 0.792 0.338 0.131

 DD + AFP + free β-hCG 0.788 0.723–0.854  < 0.001* 0.952 0.849 0.647 0.496

SPE (41)

 DD 0.905 0.862–0.948  < 0.001* 1.050 1.000 0.713 0.713

 AFP 0.675 0.581–0.768 0.001** 0.910 0.854 0.449 0.302

 Free β-hCG 0.561 0.462–0.659 0.240 0.570 0.951 0.176 0.128

 DD + AFP  0.904 0.861–0.947  < 0.001* 0.543 1.000 0.757 0.757

 DD + free β-hCG 0.894 0.848–0.939  < 0.001* 0.810 0.951 0.765 0.716

 AFP + free β-hCG 0.693 0.603–0.784  < 0.001* 0.807 0.878 0.441 0.319

 DD + AFP + free β-hCG 0.912 0.897–0.953  < 0.001* 0.706 1.000 0.757 0.757

HDP = GH + PE + SPE (220)

 DD 0.721 0.663–0.779  < 0.001* 0.965 0.736 0.640 0.376

 AFP 0.570 0.510–0.631 0.026** 1.105 0.395 0.743 0.138

 Free β-hCG 0.513 0.450–0.575 0.684 1.155 0.632 0.449 0.080

 DD + AFP 0.719 0.662–0.776  < 0.001* 0.614 0.932 0.404 0.336

 DD + free β-hCG 0.717 0.660–0.774  < 0.001* 0.492 0.950 0.397 0.347

 AFP + free β-hCG 0.546 0.484–0.607 0.146 0.983 0.668 0.449 0.117

 DD + AFP + free β-hCG 0.736 0.679–0.792  < 0.001* 1.429 0.709 0.684 0.393
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medical measures for the prevention and treatment of 
HDP.

HDP place an enormous burden on individuals and 
health care systems worldwide. HDP have a multi-
faceted symptomatology that ranges in severity from 
benign disorders to serious multisystem disorders and 
fetal compromise [26]. It is well-known that stillbirths 
are closely related to pregnancy complications, and 

HDP are the most common pregnancy complications 
[27]. Tao et al. showed that the adjusted risk ratio for a 
stillbirth for women with HDP compared with normo-
tensive women was 3.1 for singleton pregnancies (95% 
CI: 2.85–3.37) [28].

Previous research showed a significant elevation of DD 
in patients with SPE [29]. Activation of the fibrinolytic, 
inflammatory, and coagulation systems is associated with 

Fig. 3 ROC curve for the prediction value of GH, PE, or SPE. a ROC curve for the prediction of GH; b ROC curve for the prediction of PE; c ROC curve 
for the prediction of SPE; d ROC curve for the prediction of HDP (GH + PE + SPE). DD D-dimer, AFP alpha-fetoprotein, free β-hCG free beta subumit of 
human chorionic gonadotropin, GH gestational hypertension, PE Preeclampsia, SPE severe preeclampsia
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the occurrence of PE and the triggering of multi sys-
temic compromise, including hypertensive crisis, renal 
or hepatic dysfunction, and pulmonary edema [16]. Our 
study demonstrated that combing DD with other screen-
ing markers in prediction models improved its diagnostic 
accuracy and reduced NPR. DD has a high NPV, close to 
99%, and can be used as a diagnostic and monitoring tool 
for disseminated intravascular coagulation and throm-
botic complications in patients with malignant neo-
plasms, PE, migraine, or placental abruption [13, 30, 31].

However, there have been few studies using a 
DD + AFP + free β-hCG model to predict HDP in the 
second trimester. Baboolall et al. showed that the AUC 

of third trimester DD for SPE was 0.828, proving its 
predictive value for SPE [12]. The results of our study 
showed that the AUC values of second trimester DD for 
GH, PE, and SPE were 0.642, 0.767, and 0.905, respec-
tively, and the AUC values of DD for GH, PE, and SPE 
were all higher than our previous results for third tri-
mester DD (0.560, 0.614, and 0.640, respectively) [32]. 
Marcq et  al. found that the AUC value for the ROC 
curve of single-indicator plasma DD for the diagnosis 
of PE was 0.901, and the predicted sensitivity and spec-
ificity for PE were 0.962 and 0.714, respectively, which 
was similar to the results of our study [33].

Table 4 The value evaluation for the risk models

D-D D-dimer, AFP alpha-fetoprotein, free β-hCG free β subunit of human chorionic gonadotropin, GH gestational hypertension, PE preeclampsia, SPE severe 
preeclampsia, FNR False negative rate, FPR False positive rate, PPV Positive predictive value, NPV Negative predictive value, + LR Positive likelihood ratio, −LR Negative 
likelihood ratio

Groups (n) screening indicators FPR FNR PPV NPV  + LR − LR

GH (126)

 DD 0.676 0.000 0.578 1.000 1.478 0.000

 AFP 0.574 0.333 0.519 0.580 1.162 0.782

 Free β-hCG 0.551 0.302 0.540 0.616 1.266 0.672

 DD + AFP 0.500 0.079 0.630 0.872 1.841 0.159

 DD + free β-hCG 0.500 0.063 0.634 0.895 1.873 0.127

 AFP + free β-hCG 0.515 0.349 0.539 0.600 1.264 0.720

 DD + AFP + free β-hCG 0.463 0.103 0.642 0.849 1.936 0.192

PE (53)

 DD 0.360 0.151 0.479 0.916 2.357 0.236

 AFP 0.184 0.623 0.444 0.771 2.053 0.763

 Free β-hCG 0.029 0.887 0.600 0.737 3.849 0.914

 DD + AFP 0.382 0.132 0.469 0.923 2.270 0.214

 DD + free β-hCG 0.353 0.170 0.478 0.907 2.352 0.262

 AFP + free β-hCG 0.662 0.208 0.318 0.807 1.197 0.614

 DD + AFP + free β-hCG 0.353 0.151 0.484 0.917 2.406 0.233

SPE (41)

 DD 0.287 0.000 0.512 1.000 3.487 0.000

 AFP 0.551 0.146 0.318 0.910 1.548 0.326

 Free β-hCG 0.824 0.049 0.258 0.923 1.155 0.276

 DD + AFP 0.243 0.000 0.554 1.000 4.121 0.000

 DD + free β-hCG 0.235 0.049 0.549 0.981 4.043 0.064

 AFP + free β-hCG 0.559 0.122 0.321 0.923 1.571 0.276

 DD + AFP + free β-hCG 0.243 0.000 0.554 1.000 4.121 0.000

HDP = GH + PE + SPE (220)

 DD 0.360 0.264 0.768 0.600 2.044 0.412

 AFP 0.257 0.605 0.713 0.432 1.537 0.814

 Free β-hCG 0.551 0.368 0.650 0.430 1.146 0.821

 DD + AFP 0.596 0.068 0.717 0.786 1.565 0.169

 DD + free β-hCG 0.603 0.050 0.718 0.831 1.576 0.126

 AFP + free β-hCG 0.551 0.332 0.662 0.455 1.212 0.740

 DD + AFP + free β-hCG 0.316 0.291 0.784 0.592 2.243 0.425
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Though the AUC value for DD combined with 
AFP + free β-hCG for prediction of PE was 0.788, with a 
sensitivity of 0.849 and a specificity of 0.647. Pregnancy 
leads to a gradual increase in circulating DD, and large-
scale management studies are needed to determine new 
thresholds for DD to establish specific reference inter-
vals [34, 35]. However, more attention has been focused 
on optimizing body mass index (BMI) values during 
gestation for maternal and neonatal needs [36].

As shown in Table  1, the second trimester maternal 
weights of the GH, PE, and SPE groups were significantly 
higher than that of the control group (P < 0.001), indicat-
ing that pregnant women who gained weight during preg-
nancy were more likely to develop HDP. Our multivariate 
logistic regression analysis identified maternal weight 
as a risk factor for GH, PE and SPE, with ORs of 1.103, 
1.093, and 1.080, respectively (P < 0.001). However, their 
relative effects were limited (the 95% CIs for OR ranged 
from 1.000 to 1.100). Moreover, all MoM values used in 
this study were corrected by gestational age and maternal 
weight. Consequently, maternal weight had little effect 
on predictive ability when using AFP and free-β hCG 
[24]. The further studies should seek to weight-match 
control and hypertensive subjects. Rnaghi et  al. showed 
that, compared with women with normal BMI, the inci-
dence of PE may be increased in obese women (odds 
ratio = 2.36, 95% CI: 1.20–4.65) [37]. A previous meta-
analysis showed that increased maternal pre-pregnancy 
BMI and gestational weight gain were associated with a 
higher risk of HDP (odds ratio = 2.51, 95% CI: 2.31–2.74) 
[38]. These results are consistent with our study.

This study support the validity of a strategy for HDP 
screening that is comparable to and can be performed 
simultaneously with traditional prenatal screening, 
requiring only that a blood sample be obtained for AFP 
and free β-hCG between 15 and 20 weeks 6 days. Early 
prenatal screening in the second trimester allows for 
early decision-making and early clinical interventions 
for pregnant women. The prenatal screening laboratory 
already detect these markers (AFP and free β-hCG) as 
part of routine antenatal screening for chromosomal and 
neural tube defects, so it does not add to overall health-
care cost, yet it might provide prognostic information 
about potential development of HDP in the pregnancy. 
The DD would be the only increase needed that would be 
needed since this is not currently ordered as part of any 
antenatal screening, if this were to be eventually imple-
mented into clinical practice.

For PE prophylaxis initiated, women with the high-
risk factors for PE should receive low-dose aspi-
rin between 12 and 28  weeks of gestation, optimally 
before 16 weeks, and continuing until delivery [39]. By 

broadening prenatal screening to include pregnancy 
complications such as PE, the risk for HDP can quickly 
be calculated in the second trimester. Interventions, 
such as providing low-dose aspirin, can be initiated at 
the same time to reduce the rate of birth defects and 
perinatal maternal death with minimal interruption to 
the patient [40–42]. Considering a second trimester 
screening with free β-hCG and AFP could affect the 
external validation of results, because those markers 
are not universally available in all countries. DD is an 
interesting marker for PE, as an expression of vascu-
lar dysfunction and a pro-coagulant state commonly 
observed in patients with PE. As the patients are older, 
the FPR of the DD levels are increasing which reduced 
the specificity of the test in the patients. The FPR can 
be reduced by using an age-adjusted DD threshold 
which is calculated as the age of patients over 50 years 
of age multiplied by 10  ng/mL [43]. In addition, the 
pregnant women in this study were all around 28 years 
old, which the impact of age was negligible.

We acknowledge several limitations of the study. First, 
the lack of blinding of patients and providers may have 
introduced bias as well as the early timing associated 
with screening, as early diagnosis of GH is frequently 
conflated with chronic hypertension while the symptoms 
of SPE are overlooked. Second, this was a retrospective, 
hospital-based, single-center study. Therefore, a causal 
relationship between DD and HDP could not be assessed. 
Retrospective designs have overestimated prediction, and 
the + LR have reduced when used in a case–control study. 
Third, the relatively fewer cases compared with big data 
in the control group may have affected the conversion of 
DD concentrations to MoM values and influencing mod-
eling results. Forth, more demographical characteristics 
should be included, such as chronic hypertension, smok-
ing habit, autoimmune diseases and perinatal outcomes 
(birth weight percentile, gestational age at delivery, csec-
tion rate, admission), et.al.

Our project added second trimester DD levels to pre-
natal screening and used PerkinElmer’s Lifecycle 4.0 soft-
ware to calculate the risk of HDP to explore whether a 
combined DD screening regimen was superior to the 
traditional screening regimen. A combination of prenatal 
screening markers in the second trimester was superior 
to traditional prenatal screening for GH, PE, and SPE, 
especially when the risk model was constructed with 
DD, AFP, and free β-hCG. This method also allows for 
targeted and personalized prevention and treatment of 
HDP.
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Conclusions
In conclusion, based on AFP, free β-hCG, and DD in 
the second trimester of pregnancy, fetal aneuploidy 
screening and maternal HDP prediction can be per-
formed simultaneously. In addition, DD alone is an effi-
ciency individual predictive marker for predicting HDP. 
The results showed that the risk prediction model con-
structed with DD + AFP + free β-hCG and DD alone had 
better screening efficiency compared with the original 
model of AFP + free β-hCG. DD alone and DD + free 
β-hCG + AFP had the best diagnostic value for SPE, fol-
lowed by PE and GH, with different predictive values 
for different types of HDP. The ROC of our study dem-
onstrates > 0.800 for predicting PE, SPE, and combined 
HDP using a combination of DD, AFP, and free β-hCG. 
These findings bear potential clinical importance, as may 
prove useful in screening women for future develop-
ment of HDP. The risk prediction model can improve the 
sensitivity of HDP screening and provide new screening 
methods for clinical treatment of HDP. To adapt to the 
health care needs of high-risk pregnant women, health 
providers should consider more widespread application 
of available methods and innovative prenatal screening 
programs that facilitate early interventions.
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