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Abstract:
Objective: To determine whether serum angiopoietin-1/angiopoietin-2 ratio can predict preeclampsia in women at 16–18 

weeks of gestation, or not.

Material and Methods: This was a prospective observational study that was conducted in pregnant women with 

gestational age of 16-18 weeks. Serum angiopoietin-1 and angiopoietin-2 levels were acquired. The predictive values 

of these tests were calculated. 

Results: Data from 269 pregnant women were analyzed. Twenty-two cases developed preeclampsia, and five of these 

cases had early onset preeclampsia. When the angiopoietin-1/angiopoietin-2 ratio was above 6.2, the sensitivity, specificity, 

positive predictive value and negative predictive values to predict preeclampsia were 50.0%, 72.9%, 14.1% and 94.2%, 

respectively. When angiopoietin-1 was used to predict preeclampsia, the sensitivity, specificity, positive predictive value 

and negative predictive values were 59.1%, 65.2%, 13.1% and 94.7%, respectively. When angiopoietin-2 was used to 

predict preeclampsia, the sensitivity, specificity, positive predictive value and negative predictive values were 63.6%, 

50.2%, 10.2% and 93.9%, respectively.

Conclusion: This study demonstrated that serum angiopoietin-1/angiopoietin-2 ratio at 16-18 weeks of gestation was 

not effective in predicting preeclampsia. However, angiopoietin-2 may be used to predict preeclampsia.
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Introduction
	 Preeclampsia (PE) is one of the most common 

obstetric complications that can result in perinatal morbidity 

and maternal mortality. The etiology of PE is still unknown. 

It has been proposed that having a defective angiogenesis 

may be one of the etiologies of PE. The imbalance between 

pro-angiogenic and anti-angiogenic factors can lead to 

impaired placentation, causing PE.1 

	 The angiopoietin (Ang)/Tie signaling system is a 

second vascular endothelium‑specific receptor tyrosine 

kinase pathway, apart from the vascular endothelial 

growth factor system, that is involved in the regulation of 

angiogenesis.2 The Ang system has four ligands: Ang‑1, 

Ang‑2, Ang‑3 and Ang‑4. Ang‑1 and Ang‑2 have been 

well characterized, additionally they have two corresponding 

tyrosine kinase receptors (Tie‑1 and Tie‑2).3-5 Ang‑1 and 

Ang‑2 are both expressed in the placenta and are involved 

in placental development.3,6 The placental expression of 

Ang‑1 normally increases; whereas, that of Ang‑2 and 

Tie‑2 decrease throughout gestation.3,6 In PE, circulating 

concentrations of Ang-1 are elevated7, while Ang-2 are 

lowered.8-10

	 Leinonen et al found that serum Ang‑2 concentrations 

were elevated in the early midtrimester (16‑20 weeks of 

gestation) in women that subsequently developed PE.11 

These findings support the hypothesis that an excess of 

anti‑angiogenic factors may be a predisposing factor for 

PE, and may be apparent before the clinical onset of the 

disease. Bolin et al demonstrated that Ang-1/Ang-2 ratio 

increased during pregnancy in low-risk women, but the 

ratios were significantly lower in women who later developed 

preeclampsia at gestational age 25 and 28 weeks. They 

concluded that the plasma Ang-1/Ang-2 ratio may be 

a possible predictive biomarker for women who later 

developed preeclampsia.12 One previous study found that 

Ang-2 levels were not significantly elevated in women with 

preeclampsia.13 

	 A recent study assessed Ang‑1, Ang‑2 and the 
Ang‑1/Ang‑2 ratio levels in the first trimester of pregnancy 
and the association with adverse pregnancy outcomes; such 
as, small for gestational age, preterm birth, PE, miscarriage 
after 10 weeks of gestation and stillbirth. According to the 
findings of a former study, low Ang‑2 levels and a high 
Ang‑1/Ang‑2 ratio were related to an increased risk for 
most adverse pregnancy outcomes, but did not improve the 
prediction of PE when used alone.14 Thus, the objective of 
this study was to determine the value of the serum Ang-
1/Ang-2 ratio to predict PE in women at 16–18 weeks of 
gestation.

Material and Methods
	 This study was a prospective observational study 

of pregnant women who attended the Department of 

Obstetrics and Gynecology, Faculty of Medicine, Chula-

longkorn University, Bangkok, Thailand; between July, 2016 

and July, 2017. This study was approved by the Research 

Ethics Committee of the Faculty of Medicine, Chulalongkorn 

University. Written informed consent was obtained from 

all participants. 

	 Singletons, pregnant women with gestational age 

at 16-18 weeks who visited the antenatal clinic were 

invited and enrolled into the study. Gestational age was 

calculated by the last menstrual period, and confirmed by 
first trimester ultrasound. Blood samples were collected 

from the participants and centrifuged at 2,500 rounds per 

minute, for 10 minutes, and stored at -80 °C until assayed. 
Women who had fetal anomalies, medical diseases (chronic 
hypertension, renal disease), history of aspirin use and who 

later developed gestational hypertension were excluded from 

this study. Maternal and neonatal outcomes were extracted 
from the medical and delivery records. 
	 Sample size calculations were based upon the 

expected sensitivity of Ang-1/Ang-2 ratio in predicting 

PE. The expected sensitivity was 70.0%. In order to have 
a 90.0% power and 20.0% allowable error, we required 20 
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cases with PE for the study. The incidence of PE at our 
institute was 7.0%. Hence, for this study, we would need 
a total of 286 women. 

	 Angiopoietin-1 and angiopoietin-2 immunoassay

	 Serum Ang-1 and Ang-2 levels were measured by 
an enzyme-linked immunosorbent assay [R&D Systems, 
Minneapolis, Minnesota, The United States of America (USA)], 
according to the manufacturer’s recommendations. The 
enzyme-linked immunosorbent assay kit is an enzymatically 
amplified two-step sandwich-type immunoassay. The 
minimal detectable concentration of the assays for Ang-1 
and Ang-2, as reported by the manufacturer, were 0.0625 

and 0.012 ng/mL, respectively. The inter-assay and intra-

assay coefficients of variation were <10.0%.

	 Study outcome measurement 

	 The study outcome was the diagnosis of PE. PE 

is defined as having a new onset of hypertension (systolic 

blood pressure 140 mmHg or higher, or diastolic blood 

pressure 90 mmHg or higher) and proteinuria (300 mg 

or higher in a 24-hour urine collection or 1+ or higher on 

dipstick testing) after 20 weeks of gestation.15

	 Statistic analysis

	 Data were analyzed with the Statistical Package for 

the Social Science for Windows software package version 
17.0 (SPSS, Chicago, Illinois, USA) and are expressed 
as means, standard deviation, sensitivities, specificities, 

positive predictive value and negative predictive value; 

with 95% confidence intervals. The optimal cut-off value 
for Ang-1/Ang-2 ratio was calculated using the receiver 
operator characteristic curve. A chi-square test and 

Fisher’s exact test were used for categorical variables. 

The independent t-test was used for continuous variables. 
The Mann–Whitney  U  test was used for nonparametric 
variables when appropriate. A p-value<0.05 was considered 

statistically significant.

Results
	 A total of 286 pregnant women were enrolled into 

this study. Seventeen cases were excluded, due to lost to 

follow-up. Data from 269 pregnant women were analyzed. 

Twenty-two cases developed PE, and five of these cases 

had early onset PE.

	 Basic characteristics of the participants and 

pregnancy outcomes are shown in Table 1. There were 

no statistically significant differences in; age, parity, total 

weight gain, total time of antenatal care and gestational 

age at blood collection, between pregnant women with PE 

and the controls. Pregnant women with PE had a higher 

prepregnancy body mass index than the controls. Pregnant 

women with PE had significantly lesser gestational age at 

delivery and lower birth weight than the controls. Pregnant 

women with PE had higher rates of preterm delivery, 

fetal growth restriction, and neonatal respiratory distress 

syndrome (RDS) than the controls.

	 Ang-1 and Ang-2 levels were not different between 

pregnant women with PE and the controls (Table 2). Ang-1/

Ang-2 ratio in pregnant women with PE was not significantly 

higher than the controls (4.9 vs 3.8, p-value=0.183).

	 The cut-off values for Ang-1, Ang-2, and Ang-1/

Ang-2 ratio were established by using receiver operator 

characteristic curve, and the values were 80 ng/ml, 17 ng/

ml and 6.2, respectively (Figure 1). When Ang-1 above 80 

ng/ml was used, the sensitivity, specificity, positive predictive 

value and negative predictive values to predict PE were 

59.1%, 65.2%, 13.1% and 94.7%, respectively. When Ang-2 

below 17 ng/ml was used, the sensitivity, specificity, positive 

predictive value and negative predictive values to predict PE 

were 63.6%, 50.2%, 10.2% and 93.9%, respectively. When 

Ang-1/Ang-2 ratio above 6.2 was used, the sensitivity, 

specificity, positive predictive value and negative predictive 

values to predict the overall PE were 50.0%, 72.9%, 14.1% 

and 94.2%, respectively (Table 3). 
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Table 1 Baseline characteristics and pregnancy outcomes of women with and without preeclampsia
   

Variable
Control
(n=247)

Preeclampsia
(n= 22) p-value

Maternal age (years) 36.7±2.9 37.3±4.9 0.375
Advanced maternal age 
(≥35 years old)

222 (89.9) 20 (90.9) 1.000

Primigravida 74 (30) 6 (27.3) 0.792
Parity
   0
   ≥1

109 (44.1)
138 (55.9)

7 (31.8)
15 (68.2)

0.264

Prepregnancy BMI (kg/m2) 22.4±3.4 24.9±5.3 0.004
Obesity (BMI ≥30 kg/m2) 14 (5.7) 3 (16.7) 0.099
Total weight gain (kg) 14.0±5.0 15.1±5.7 0.373
Total time of ANC 9.7±2.2 9.6 ±2.7 0.702
GA at blood collection (weeks) 17.6±0.5 17.7±0.5 0.308
Pregnancy outcomes
   Gestational diabetes 32 (13) 0 (0.0) 0.087
   Fetal growth restriction 2 (0.8) 4 (18.2) <0.001
   GA at delivery (weeks) 38.0±1.4 36.4±2.8 <0.001
   Delivery at GA <37 weeks 20 (8.1) 8 (36.4) <0.001
   Delivery at GA <34 weeks 4 (1.6) 4 (18.1) <0.001
Mode of delivery
   Vaginal delivery
   Cesarean section

78 (31.6)
169 (68.4)

4 (18.2)
18 (81.8)

0.286

Birth weight (grams) 3,129.6±446.7 2,559±783.9 <0.001
Low birth weight (<2,500 grams) 18 (7.3) 10 (45.5) <0.001
Apgar scores
   1 minute
   5 minutes

8.9±0.9
9.9±0.9

8.0±1.9
9.4±1.9

<0.001
0.022

Neonatal respiratory distress syndrome 2 (0.8) 4 (18.2) <0.001
Perinatal death 3 (1.2) 1 (4.5) 0.291
Length of hospital stay 4.3±1.5 7.5±10.8 <0.001

Data are presented as mean±S.D. or n (%). 
BMI=body mass index, GA=gestational age

Table 2	Serum angiopoietin-1 level, angiopoietin-2 level and angiopoietin-1/angiopoietin-2 ratio in women with 

	 preeclampsia compared with healthy control women

 
Test

Control
(n=247)

Preeclampsia
(n=22) p-value

Ang-1 (ng/ml) 67.4 (41, 91) 84.3 (49.4, 115.7) 0.083
Ang-2 (ng/ml) 17.4 (12.1, 24.2) 14.9 (12.2, 23.6) 0.694
Ang-1/Ang-2 ratio  3.8 (2.1, 6.4)  4.9 (2.4, 9.3) 0.183

Data are presented as median (interquartile range) 
Ang=angiopoietin 
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Table 3	Predictive value of serum angiopoietin-1 level, angiopoietin-2 level, and angiopoietin-1/angiopoietin-2 ratio for 

	 preeclampsia

  

Test
Sensitivity 

% (95% CI)

Specificity 

% (95% CI)

PPV

% (95% CI)

NPV

% (95% CI)

Positive

LR

(95% CI)

Negative

LR

(95% CI)

Ang-1/Ang-2 ratio>6.2         50.0
(28.2, 71.8)

72.9
(66.9, 78.3)

14.1 
(9.4, 20.7)

94.2
(91.5, 96.2)

1.8 
(1.2, 2.9)

0.7 
(0.5, 1.1)

Ang-1>80 ng/mL 59.1
(36.4, 79.3)

65.2
(58.9, 71.1)

13.1 
(9.3, 18.2)

94.7
(91.5, 96.8)

1.7 
(1.2, 2.5)

0.6 
(0.4, 1.1)

Ang-2<17 ng/mL 63.6
(40.7, 82.8)

50.2
(43.8, 56.6)

10.2
(7.5, 13.8)

93.9
(89.8, 96.5)

1.3 
(0.9, 1.8)

0.7 
(0.4, 1.3)

Ang=angiopoietin, PPV=positive predictive value, NPV=negative predictive value, LR=likelihood ratio

Figure 1	Receiver operator characteristic curve of angiopoietin-1, angiopoietin-2 and angiopoietin-1/angiopoietin-2 ratio

Discussion
	 This study demonstrated that serum Ang-1/Ang-2 

ratio at 16-18 weeks of gestation was not effective in 

predicting PE. The result of this study was inconsistent 

with a previous study by Bolin et al.12, who showed that 

the serum Ang-1/Ang-2 ratio at 25 weeks of gestation 

was effective in predicting PE. However, the sensitivity 

was only 47.0% and had a small sample size (19 

preeclampsia cases and 43 controls). The difference 

between the studies may be due to different ethnicity and 

the gestational age at measurement. On the other hand, 

the result of this study was in agreement with Machado 

et al’s study.16 They performed a case-control study of 

pregnant women with gestational age of 20-25 weeks. 

They found that Ang-1 level, Ang-2 level and Ang-1/Ang-2 

ratio were not different between pregnant women with 

PE and the healthy controls. They concluded that Ang-1 

and Ang-2 levels were not good predictors of PE. 

	 The sensitivity and specificity of serum Ang-1/

Ang-2 ratio at 16-18 weeks of gestation to predict PE in 

this study was 50.0% and 72.9%, respectively. Bolin et al 

used a cut-off value of 1.41 for the Ang-1/Ang-2 ratio at 
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gestational age of 25 weeks. They found a sensitivity of 

47.0% and a specificity of 87.0% to predict PE later in 

pregnancy.12 Schneuer et al found that a high serum Ang-1/

Ang-2 ratio in the first trimester was associated with 

most of the adverse pregnancy outcomes; such as, small 

for gestational age, preterm birth, preeclampsia and 

miscarriage, but could not predict outcomes any better 

than clinical and maternal risk factors.14 

	 In contrast, other studies have shown that angio-

poietin was somehow related to PE. Hirokoshi et al found 

that serum Ang-2 was low and sFlt-1 level was elevated 

among women with PE compared to healthy, pregnant 

women.9 Another study compared the levels of Ang-1 and 

Ang-2 in normotensive pregnant women with pregnant 

women with severe PE in the third trimester. They found  

that the Ang-2 level was higher in pregnant women with 

severe PE, than in normotensive pregnant women. However, 

there was no difference in Ang-1 levels between women 

with severe PE and normotensive pregnant women.17 

	 Regarding prepregnancy body mass index, pregnant 

women with PE had a higher prepregnancy body mass  

index than the controls in this study. This may be explained 

by being overweight and having obesity increased the risk 

of PE.18  

	 The strength of this study was its prospective design, 

which allowed us to be able to ascertain whether the serum 

Ang-1/Ang-2 ratio could predict PE during the second 

trimester, or not. The limitation of this study was that there 

were a few cases of early-onset PE, and the gestational 

age of the study might be too early to show the differences 

in Ang-1/Ang-2 ratios. 

Conclusion 
	 This study demonstrated that the serum Ang-1/

Ang-2 ratio at 16-18 weeks of gestation was not effective 

in predicting PE. However, angiopoietin-2 may be used to 

predict preeclampsia. Further studies, using a combination 

of Ang-2 with other markers or other measurements, should 

be conducted.
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