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Abstract
Purpose of Study  To study the role of uterine artery Doppler pulsatility index (UtA-PI), serum pregnancy-associated plasma 
protein-A (PAPP-A) and free beta human chorionic gonadotropin (fβ-hCG) levels, individually and in combination with each 
other, at 11–14 weeks of gestation for prediction of preeclampsia (PE).
Methods  In a prospective observational study, a total of 100 low-risk gravid females were recruited at 11–14-weeks of gesta-
tion. UtA-PI, PAPP-A and fβ-hCG levels were estimated. These women were followed up until delivery for the development 
of PE and gestational hypertension (GH).
Results  The best individual marker for screening PE and GH was UtA-PI with ROC AUC (± standard error) = 0.934 ± 0.028, 
p < 0.0001. UtA-PI at a cutoff value of ≥ 2.8 (95th percentile) had 77.8% sensitivity, 98.9% specificity, 97.8% NPV and 87.5% 
PPV in detecting PE. PAPP-A (MoM) at a cutoff value of ≤ 0.27 (5th percentile) demonstrated 44.4% sensitivity, 95.6% 
specificity, 94.5% NPV and 50% PPV. fβ-hCG (MoM) at a cutoff value of ≤ 0.5 (5th percentile) had a specificity of 94.5%. 
Among the combined markers, UtA-PI along with PAPP-A estimation served best with a sensitivity and specificity of 44% 
and 100%, respectively. Addition of fβ-hCG to either UtA-PI or PAPP-A levels was not found sensitive for detecting PE but 
yielded 100% specificity and 96% NPV.
Conclusion  UtA-PI as a stand-alone test was found most useful for the prediction of PE. Addition of either or both of PAPP-
A and fβ-hCG to UtA-PI did not improve the sensitivity of combined test with only a slight improvement in specificity and 
NPV. Their routine addition to UtA-PI studies is not recommended for prediction of PE at 11–14 weeks of gestation in low- 
and lower-middle-income countries (LMIC).
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Background

Preeclampsia (PE) is a hypertensive disorder specific to 
pregnancy with grave maternal, fetal and neonatal prognosis. 
It usually presents after twenty weeks of gestation and up to 
six weeks postpartum. It affects 3–10% of all pregnancies. 
In India, the reported incidence is 8–10% [1].

In PE, the defective deep placentation during the second 
wave of trophoblastic invasion (11–14 weeks of gestation) 

leads to faulty cytotrophoblastic invasion of myometrial 
segments of spiral arteries due to failure of expression of 
invasive and adhesive signal molecules. This halts progres-
sive conversion of high resistance uteroplacental flow to low 
resistance high flow circulation which might be represented 
by a high resistance flow pattern on the uterine artery (UtA) 
Doppler study at 11–14 weeks [2–6]. Most of these studies 
have documented a high specificity (> 90%) but low sensi-
tivity (< 50%) of uterine artery pulsatility index (UtA-PI) 
in predicting PE.

Recent literature has shown a promising role of placental 
biochemical markers in predicting PE. Pregnancy-associated 
plasma protein A (PAPP-A) and free beta human chorionic 
gonadotropin (fβ-hCG) glycoprotein are among many such 
biochemical markers. Low levels of PAPP-A have been 
consistently associated with defective placenta formation 
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[7–15]. It was hence hypothesized that the addition of these 
two biochemical markers would improve the predictive value 
of UtA-PI in detecting PE at 11–14 weeks of gestation. This 
study was therefore conducted to determine whether the 
combined test would improve the overall predictive value of 
UtA-PI as a stand-alone marker in screening PE in low- and 
lower-middle-income countries (LMIC) such as the Indian 
subcontinent.

Materials and Methods

We did a prospective observational study on 100 low-risk 
women at a tertiary care hospital located in New Delhi over 
fourteen months after approval from clinical research ethics 
committee of the institute. Gravid females with a single via-
ble intrauterine pregnancy and at 11–14 weeks of gestation 
were recruited after a written and informed consent. Exclu-
sion criteria were obesity, extremes of age, preexisting medi-
cal or surgical illness, abnormal ultrasonographic placental 
appearance, fetal malformations or history of first-trimester 
bleeding. Sample size was determined using the formula:

where N =  total study population; t =  confidence level at 
95% (1.96); p =  prevalence (0.07); m =  margin of error 
(0.05).

After an initial history taking and examination, women 
underwent transabdominal ultrasonography (TAS) and 10 ml 
of blood sample for PAPP-A and fβ-hCG estimation was 
withdrawn in the same setting.

TAS was done using a 3.5 MHz curvilinear transducer 
with women in a semi-recumbent position. Crown rump 
length (CRL) was measured first to confirm the period of 
gestation (POG). The transducer was then placed longitu-
dinally over the lower lateral quadrant of abdomen angled 
medially. Color flow mapping was done to identify uterine 
artery as it crossed the external iliac artery. Sample volume 
was placed 1 cm downstream to the cross over point. Three 
consecutive waveforms were obtained. UtA-PI was meas-
ured on both sides and a mean value was recorded.

The blood sample was subjected to centrifugation at room 
temperature for 10 min at 400 rpm. The serum was analyzed 
for PAPP-A and fβ-hCG using ELISA immunoassay tech-
nique and values were expressed in multiples of medians 
(MoM).

At subsequent antenatal visits, body weight, blood 
pressure and urine albumin levels (using a reagent-based 
dipstick) were recorded. PE was defined as blood pres-
sure ≥ 140/90 mm Hg on any two occasions, at least 4 h 
apart and urine albumin levels ≥ 1 + (≥ 30  mg/dL). In 
the absence of proteinuria, it was labeled as gestational 

N = {t2 ∗ p(1 − p)}∕(m2)

hypertension (GH). Women were followed up until deliv-
ery for the development of PE and GH (primary out-
comes). Preterm delivery (delivery before 37 weeks of 
gestation), delivery of low birth weight babies (LBW, 
birth weight less than 2500 g) and fetal growth retardation 
(FGR, fetal weight less than 10th centile for gestational 
age with abnormal umbilical artery Doppler findings) were 
taken as secondary outcomes.

Receiver operating characteristics (ROC) curve analysis 
was done to define the best predictor for outcomes examined. 
The area under the curve (AUC) and its 95% CI (confidence 
interval) were calculated. Sensitivities, specificities, positive 
predictive values (PPV), negative predictive values (NPV) 
and accuracy ratios for cutoff points of UtA-PI, PAPP-A and 
fβ-hCG in the prediction of PE were calculated individu-
ally and in combination with each other. Descriptive and 
inferential statistical analysis was performed using Microsoft 
Excel 2007, Xlstat 2015.1.03.16112 and Medcalc software 
version 15.4.

Results

A total of 118 women were recruited; however, 18 were lost 
to follow-up. Hence, records of 100 patients were available 
for the final analysis.

Women were divided into four groups according to the 
POG—11–11+6, 12–12+6, 13–13+6 and 14+0 weeks. Out of 
the total 100 women, nine women developed PE (9%) and 
five women developed GH (5%). Two women developed 
abruption (2%), and 13 women delivered prematurely (13%). 
Nine women delivered LBW baby (9%), and one woman 
developed FGR (1%).

Most women (33%) belonged to the gestational age group 
of 12 + 0–12 + 6 weeks. The majority (57%) were primigrav-
ida. Most (88%) were in the age group of 20–25 years. 92% 
of women had body mass index (BMI) values in the range 
of 18.9–24.9 (normal range).

UtA-PI was defined as maximum uterine artery velocity 
excursion upon mean uterine artery velocity. The majority 
(29%) of women had UtA-PI in the range of 1.6–2.

The mean UtA-PI value between 11 to 14 weeks was cal-
culated as 1.56 ± 1.5. The median value was 0.71. The mean 
UtA-PI decreased significantly over POG[r = (−)0.0258; 
p < 0.012] from 11–14  weeks. It was 1.82 ± 0.68 at 
11–11+6 weeks, 1.6 ± 0.63 at 12–12+6 weeks, 1.41 ± 0.41 at 
13–13+6 weeks and 1.4 ± 0.99 at 14+0 weeks (Fig. 1). This 
trend represents decreasing impedance to flow in UtA with 
increasing gestation secondary to trophoblastic invasion of 
spiral arteries [2].

PAPP-A values consistently increased during 
11–14 weeks of POG[r = ( + )0.021; p = 0.01] (Fig. 1).
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The majority (43%) of women had PAPP-A values 
between 1.1 and 1.5. The mean value of PAPP-A was 
1.15 ± 0.54 and the median value reported was 1.14.

fβ-hCG values declined significantly during 11–14 weeks 
of POG[r = (−)0.05; p < 0.0010] (Fig. 1).

The mean fβ-hCG value was 1.55 ± 0.60. The median 
value was 1.64.

Values of individual markers were analyzed using logistic 
regression models. ROC curves were generated for UtA-PI, 
PAPP-A and fβ-hCG for PE and GH (Fig. 2). The cutoff val-
ues of significance at 95% CI for each marker were defined. 
For UtA-PI the cutoff value was defined at ≥ 2.8 (95th per-
centile). For PAPP-A it was defined at ≤ 0.27 MoM (5th 
percentile) and for fβ-hCG at ≤ 0.5 MoM (5th percentile). 
Sensitivities, specificities, PPVs and NPVs of individual and 
combined markers were calculated for screening purposes 
of PE.

UtA-PI was the best overall marker for predicting PE 
with a sensitivity of 79% and a specificity of 98.9%. It 

also had the highest sensitivity (83.3%) as a stand-alone 
parameter in the prediction of early onset PE (onset before 
32-weeks of gestation; EOPE). It was followed in line by 
PAPP-A with a sensitivity of 44.4% and a specificity of 
95.6%. fβ-hCG was not found sensitive for PE but had a 
specificity of 94.5% in predicting PE (Table1).

When we studied the effect of combined markers, the 
combination of PAPP-A and UtA-PI demonstrated 44% 
sensitivity and 100% specificity for PE. While the sensi-
tivity was not superior to UtA-PI alone in predicting PE 
(44.4% vs. 77.8%), specificity was raised only marginally 
(100% vs. 98.9%). When fβ-hCG was added to either or 
both of UtA-PI and PAPP-A, the combined test had no 
sensitivity for PE. Also, the reported specificity for PE was 
similar to or only slightly raised as compared to UtA-PI 
alone (98.9–100% vs.98.9%) (Table 1).

Fig.1   Scatter plot showing distribution of UtA-PI, PAPP-A and fβ-
hCG according to POG (in days) between 11 to  14  weeks. UtA-PI 
values decreased significantly between 11 to 14 weeks of gestation 

[(r = (−)0.0229; p = 0.03] (a). PAPP-A values increased [r = ( +)0.021; 
p = 0.01) and fβ-hCG values decreased [r = (−)0.05; p < 0.001] over 
the same POG (b, c)

Fig.2   ROC for prediction of PE and GH by UtA-PI, PAPP-A and 
fβ-hCG (MoM) at 11–14 weeks of gestation. The AUC ± stand-
ard error was maximum for UtA-PI at 0.934 ± 0.028 (p < 0.0001) in 

screening PE and GH (a). The AUC for PAPP-A and fβ-hCG was 
0.233 ± 0.86(p = 0.002) and 0.416 ± 0.086 (p = 0.330), respectively (b, 
c)
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Discussion

We reported a prevalence rate of 9% for PE in our study. 
The reported mean first-trimester UtA-PI value of 1.5 in 
our study was lower than that reported by Gomez et al. [4] 
(1.7, 50th centile). However, it was higher than that reported 
by Yasmin Casmod et al. [16]. Nevertheless first-trimester 
UtA-PI values of > 1.5 is considered raised. The cutoff 
value for UtA-PI at 95th percentile was 2.8 in our study 
(Table.2). This was higher (2.35–2.6) as compared to the 
values reported by other authors [3–5, 14, 17, 18]. This dif-
ference in cutoff value could be attributed to racial and eth-
nic differences between the study populations. We reported 
that UtA-PI had 77.7% sensitivity and 98.9% specificity in 
predicting PE. Numerous authors have documented high 
specificity (≥ 90%) and low sensitivity (< 50%) of UtA-PI 
for PE, including Cnossen et al. in a meta-analysis (Table2) 
[3–6, 14–17, 19–22]. In contrast in a recent study, Abdel 
et al. [22] reported 56% specificity and 100% sensitivity 
of UtA-PI in detecting PE (Table2). When we studied the 
EOPE group, the sensitivity of UtA-PI increased to 83.3%; 
however, the specificity was not much altered (Tables1, 2). 
The positive likelihood ratio (LR +) of UtA-PI for detect-
ing PE, EOPE and GH was 70.7, 24.5 and 1.9, respectively 
(Table1). This trend was in concurrence to that reported by 
Cnossen et al. and Poon et al. [4, 14, 19] who had demon-
strated that sensitivity of UtA-PI increases with the severity 
of the hypertensive disorder. 

With defective deep placentation and resulting ischemia, 
the placental synthetic function is also disrupted and so is 
the production of PAPP-A. Low PAPP-A concentration at 
11–13+6-weeks of gestation has been associated with sub-
sequent development of PE, SGA infants, and spontaneous 

preterm delivery [23]. In our study, the mean ± SD and 
median value of PAPP-A were 1.15 ± 0.54 and 1.14 MoM, 
respectively. Pilalis et al. [5] had reported a similar mean 
(1.19MoM) and median (1.11MoM) values for PAPP-A 
levels between 11 to 14 weeks of gestation. PAPP-A con-
centration increases exponentially with a doubling time of 
3–4 days during the first trimester. It rises throughout preg-
nancy thereafter [7, 8, 24]. It also increased significantly 
during 11–14 weeks of gestation in our study (Fig. 1). The 
cutoff value used for PAPP-A at 5th percentile in our study 
was ≤ 0.27MoM. A total of 8% of women had PAPP-A val-
ues ≤ 0.27MoM. In studies conducted by Ozdamar et al. and 
others, the cutoff value used at 5th percentile was ≥ 0.4MoM 
(Table 3) [5, 7, 8–12, 14, 15, 23, 25–28]. This value was 
higher than the cutoff value used in our study (0.27MoM). 
This difference in cutoff values can be attributed to differ-
ences in laboratory standards for processing samples and 
disparity in race and ethnicity of subjects. The reported 
sensitivity and specificity of PAPP-A for PE was 44.4% and 
95.6%, respectively. Most authors support low (< 20%) sen-
sitivity of PAPP-A in predicting PE at this POG (Table3). 
Similar to UtA-PI, PAPP-A demonstrated an increasing 
sensitivity (50% vs.44.4%) for more and severe EOPE than 
late PE. Poon et al. [14] reported high sensitivity (84%, at 
5% false positive rate/FPR) of PAPP-A for screening EOPE 
when it was combined with maternal factors. In a recent 
study, Yliniemi et al. [29] reported that at 9–13+6 weeks of 
gestation, a combination of PAPPA, free β-hCG (fβ-hCG), 
other serum biomarkers and maternal characteristics can 
detect 48% of women with EOPE in a low-risk population. 

We used a cutoff value of ≤ 0.5MoM at 5th percentile 
for fβ-hCG in our study. In concurrence with Ong et al. 
[7] our mean fβ-hCG values decreased significantly over 

Table 1   Sensitivities, specificities, NPV and PPV of various markers individually and in combination with each other in predicting PE and GH

* EOPE; LR + (positive likelihood ratio) = sensitivity/(1−specificity); LR−(negative likelihood ratio) = (1−sensitivity)/specificity

Markers Sensitivity (%) Specificity (%) NPV (%) PPV (%) LR +  LR-

PE GH PE GH PE GH PE GH PE PE

UtA-PI 77.8
83*

20 98.9
97.8*

89.4 97.8
98.9*

95.5 87.5
71.4*

9.01 78
39*

0.22

PAPP-A (MoM) 44.4
50*

– 95.6
94.6*

91.5 94.5
96.7*

94.5 50
37.5*

– 10
9.4*

0.6

fβ-hCG (MoM) – 20 94.5
91.4*

92.6 90.5
93.4*

95.7 – 12.5 0 1

PAPP-A(MoM) + fβ-hCG (MoM) – – 100
100*

100 91
94*

95 – –

PAPP-A (MoM) + UtA-PI 44
50*

– 100
98.9*

95.7 94.7
96.9*

94.7 100
75*

- 47* 0.5*

fβ-hCG (MoM) with UtA-PI – 20 98.9–100 100 90–91 95.9 – 100
PAPP-A (MoM) + fβ-hCG (MoM) + UtA-PI – – 100 100 91 95 – –
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11–14 weeks of gestation (Fig. 1). We reported that as a 
stand-alone marker, fβ-hCG was not a sensitive test for 
the detection of PE. This was again in concurrence to Ong 
et al. [7] who had demonstrated low (10%) sensitivity of 
fβ-hCG for proteinuric pregnancy-induced hypertension. 
Recently, Yu et al. [23] also agreed to no significant differ-
ences in fβ-hCG values in PE group compared to controls 
(0.92 vs.1.00; p¼−0.536) (Table 3).

Numerous articles have described roles of first-trimester 
UtA-PI, maternal characteristics and biochemical mark-
ers like PAPP-A, PlGF (placental growth factor), PP13 
(placental protein 13),  sEndoglin, Inhibin-A, Activin-A, 
Pentraxin 3 and P-selectin in predicting PE with varying 
results. Till date only a single study by Abdel et al. [22] 
from Egypt has tested the three parameters together (UtA-
PI, PAPP-A and fβ-hCG) similar to our study design. Our 
study was first such study being conducted in the Indian 
subcontinent.

In a case–control study by Staboulidou et al. [13] when 
UtA-PI was combined with PAPP-A, the former could 
differentiate between low PAPP-A levels due to trisomy 
21 and EOPE. While UtA-PI was higher in the late PE 
and EOPE group, it was not in trisomy 21 group. When 
we combined PAPP-A with UtA-PI, the combination had 
44.4% sensitivity in predicting PE. This was lower (44.4 
vs.77.8%) when compared with the sensitivity of UtA-PI 
alone (Table 1). Poon et al. [14] demonstrated that PAPP-A 
does not add to the sensitivity of the combined test com-
prising of maternal factors, UtA-lowest PI and mean arte-
rial pressure (MAP) for detection of late PE (with onset 
after 32 weeks of gestation). O’Gorman et al. [30] docu-
mented that combined screening by maternal factors, UtA-
PI, MAP, and placental growth factors could predict 75% 
of preterm PE, but only 47% of term PE (at 10% FPR). 
The reported specificity of combined UtA-PI and PAPP-A 
was 100% in our study. Abdel et al. [22] reported 94.4% 
specificity for the same (Table 4).

The combination of fβ-hCG to UtA-PI and/or PAPP-A 
was not found sensitive for detection of PE. The specificity 
of this test was either unaltered (98.9%) or was raised only 
slightly (100%). However, Abdel et al. [22] had reported 
a lower specificity of 88.89% for UtA-PI in combination 

with fβ-hCG. Wright et al. [31] demonstrated that at 11–13 
weeks of POG PAPP‐A, but not fβ‐hCG, along with mater-
nal factors improved prediction of preterm PE (those deliv-
ered at < 37 week of gestation) (Table 4)

Conclusion

The limitations of our study were the small sample size 
and study type. We conclude that at a cutoff value of 0.28 
(95th percentile), UtA-PI is an important screening tool for 
detecting PE at an early gestational age of 11–14 weeks with 
a sensitivity of 77.7%. When PAPP-A was added to UtA-
PI, the sensitivity of the combined test decreased to 44.4% 
with only a slight improvement in specificity (100% vs. 
98.9%; PAPP-A + UtA-PI vs.UtA-PI). Addition of fβ-hCG 
was not found sensitive for detecting PE with an almost simi-
lar specificity (98.9–100% vs. 98.9%; fβ-hCG + UtA-PI vs.
UtA-PI). Hence, our hypothesis that the addition of PAPP-A 
and fβ-hCG to UtA-PI adds to the predictive value of UtA-
PI studies for PE was proven wrong. Moreover, high cost of 
biochemical tests remains a limiting factor for their routine 
application in LMIC. Hence, we do not recommend their 
routine addition to UtA-PI studies for screening of PE at 
11–14 weeks of gestation in LMIC. However, there remains 
scope for large-scale randomized controlled trials combin-
ing uterine artery Doppler studies with various biochemical 
markers to detect PE at its inception.
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