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Abstract  

Objective: To compare a new simple algorithm for preeclampsia (PE) prediction among 

Brazilian women with two international guidelines - National Institute for Clinical 

Excellence (NICE) and American College of Obstetricians and Gynecologists (ACOG).  

Methods: We performed a secondary analysis of two prospective cohort studies to 

predict PE between 11 and 13+6 weeks of gestation, developed between August 2009 

and January 2014. Outcomes measured were total PE, early PE (<34 weeks), preterm 

PE (< 37 weeks), and term PE (≥37 weeks). The predictive accuracy of the models was 

assessed using the area under the receiver operator characteristic curve (AUC-ROC) and 

via calculation of sensitivity and specificity for each outcome. 

Results: Of a total of 733 patients, 55 patients developed PE, 12 at early, 21 at preterm 

and 34 at term. The AUC-ROC values were low, which compromised the accuracy of 

NICE (AUC-ROC: 0.657) and ACOG (AUC-ROC: 0.562) algorithms for preterm PE 

prediction in the Brazilian population. The best predictive model for preterm PE 

included maternal factors (MF) and mean arterial pressure (MAP) (AUC-ROC: 0.842), 

with a statistically significant difference compared with ACOG (p < 0.0001) and NICE 

(p = 0.0002) guidelines. 

Conclusion: The predictive accuracies of NICE and ACOG guidelines to predict 

preterm PE were low and a simple algorithm involving maternal factors and MAP 

performed better for the Brazilian population. 

Keywords: First trimester pregnancy; Prediction; Preeclampsia; Maternal 

characteristics; Mean arterial pressure.  
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Introduction 

Currently, there is a formal international recommendation that it is possible and 

necessary to predict pre-eclampsia (PE) to obtain favorable maternal and neonatal 

outcomes [1] as PE is the leading cause of maternal and perinatal morbidity and 

mortality [2] and affects 2% to 7% of pregnancies [3]. In Brazil, the prevalence of PE is 

6.74%, with 0.78% early PE (<34 weeks) and 1.92% preterm PE (<37 weeks) [4]. 

National estimates indicate that PE and eclampsia are the diseases that most contribute 

to maternal mortality rate in Brazil, accounting for approximately 20% of all maternal 

deaths in the country [5].  

In the past three decades, several clinical, biochemical, and biophysical tests 

have been used for the prediction of PE. Clinically, maternal factors (MF) are 

considered predictors of PE, and some algorithms primarily consider MF for the 

classification of the risk of PE development, including those from the National Institute 

for Clinical Excellence (NICE) [6] and American College of Obstetricians and 

Gynecologists (ACOG) [7].  

Nonetheless, among women considered to be at high risk of developing PE 

based on their MF, it is estimated that approximately 25% will develop the disease, 

compared with a rate of 5% in the general population [2]. In addition, screening 

strategies with maternal history alone may detect approximately 30% of PE cases, with 

a false-positive rate of 10% [8].  

Thence, the ability to predict PE using maternal phenotypic factors is limited 

and requires external validation in other population groups [9]. Therefore, further 

studies involving specific populations are required to evaluate the interference of these 

predictors on a specific population. 
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No individual prediction test has proven adequate for adjusting the pre-existing 

maternal risk of PE with sufficient specificity and sensitivity for clinical use, and the 

best test results are obtained with a combination of parameters [10]. In this respect, a 

multiparameter algorithm with strong potential for PE prediction was developed by the 

Fetal Medicine Foundation (FMF) using a combination of MF, including mean arterial 

pressure (MAP), serum levels of pappalysin-1 (also known as pregnancy-associated 

plasma protein A or PAPP-A) and placenta growth factor (PlGF) proteins, and Doppler 

of uterine arteries in the first trimester of pregnancy [11]. However, these tests are not 

available in primary health care units in Brazil, which assist pregnant women during 

their first trimester of pregnancy. Therefore, considering the costs and difficulty in 

accessing specific, onerous predictors, their use should be acknowledged only for the 

positive screening of PE in pregnant women whose medical history and MAP were 

previously evaluated [12].  

 The aim of this study was to validate a simple algorithm for the prediction of 

PE in the first trimester of pregnancy using MF and MAP in a Brazilian population 

sample, comparing it with two international algorithms - NICE and ACOG.  

Materials and Methods 

Design 

This study involved a secondary analysis of two prospective cohorts [13,14] in 

order to test PE prediction methods. The cohorts were conducted in two reference 

obstetrics hospitals in Fortaleza, Ceará, Brazil, developed between August 2009 and 

January 2014, and included 733 women between 11 and 13 weeks and 6 days of 

pregnancy who were monitored until birth.  
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Participants and procedure 

The participants were recruited during ultrasound examination conducted in the 

first trimester of pregnancy and included all singleton pregnancies between 11 and 13 

weeks and 6 days. We excluded pregnant women with kidney disease diagnosis in their 

previous history or on ultrasound examination, major fetal malformations or 

chromosomal abnormalities, and fetuses with crown-rump length (CRL) longer than 84 

mm. Discontinuity criteria were miscarriages, patient withdrawal, absence of follow-up,

and/or incomplete medical data. 

Pregnant women who agreed to participate were interviewed individually, and 

they answered a questionnaire to collect data on MF and PAM. All women were 

monitored longitudinally to detect study outcomes. PE was considered as the onset of 

hypertension and proteinuria (24h urinary protein ≥ 300 mg) or a “++” score on the 

Labstix strip test after 20 weeks of pregnancy in previously normotensive pregnant 

women [15].  

Data analysis 

Outcome variables were the absence of PE (control), total PE (preterm PE plus 

term PE), early PE (delivery < 34 weeks), preterm PE (delivery < 37 weeks), and term 

PE (delivery ≥ 37 weeks).  

A predictive model for this population was developed based on the FMF 

criteria using a logistic regression analysis with stepwise selection model to determine 

the MF that significantly contributed to explaining the a priori risk for the outcomes. 

Independent variables used as maternal factors were ethnicity (Caucasian, mixed, and 

African), age and body mass index (BMI) (continuous variables), smoking (yes/no), 

conception method (spontaneous, clomiphene, or in vitro fertilization), nulliparity 
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(yes/no), pre-existing hypertension (yes/no), maternal PE (yes/no), and PE familial 

history (yes/no). 

 NICE and ACOG algorithms were applied in this population to classify the 

participants as being at high- or low-risk of developing PE using pre-established 

criteria, and the effectiveness of these two algorithms was compared with that of the 

new algorithm.  

NICE algorithm indicated that participants at high risk of developing PE were 

those with high risk factors, including hypertension in the previous pregnancy, chronic 

hypertension, chronic renal failure, diabetes mellitus, or autoimmune disease; or any 

two moderate risk factors, including nulliparity, age of ≥40 years, BMI of ≥35 kg/m², 

pregnancy interval of >10 years, or PE familial history [6]. ACOG algorithm indicated 

that participants at high risk of PE were those with at least one of the following risk 

factors: nulliparity, age of >40 years, IMC of ≥30 kg/m², conception via in vitro 

fertilization, previous history of pregnancy with PE, PE familial history, chronic 

hypertension, chronic renal disease, diabetes mellitus, systemic lupus erythematosus, or 

thrombophilia [7]. Table 1 shows the variables included in the NICE, ACOG and new 

algorithm of this study for PE prediction. 

The predictive accuracy of the algorithms was evaluated using the area under 

the receiver operator characteristics curve (AUC-ROC) and via calculation of sensitivity 

and specificity for each of the outcomes. An univariate analysis was performed with 

mean and interquartile intervals for continuous variables using the unpaired t test (if two 

groups) or by one way ANOVA (if 3 or more groups) and by the chi-square test for 

nominal Variables, considering as significant of p <0.05. Statistical analyses were 

performed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA), MedCalc version 
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12.7.0.0 (MedCalc Software bvba, Ostend, Belgium), and GraphPad Prism version 6.01 

(GraphPad Inc., San Diego, CA, USA) software.  

Ethical considerations 

 Informed consent was obtained from all the participants of the study. This 

study was approved by the Research Ethics Committee (Protocol nº. 050309/09 and 

110-43829-9) and was conducted according to the international principles of the 

Helsinki Convention on research involving humans. The study made no distinction of 

creed, ethnicity or took into account any social stigma on the selection of the 

participating women.  

Results 

Of the 810 participants, 550 were from the first cohort and 260 were from the second 

cohort. In the first cohort, loss of follow-up occurred in 44 cases. Of the remaining 506 

participants, six were excluded because of miscarriages, and two were excluded because 

the statistical analysis indicated they were outliers in the residual graph, which would 

cause maladjustments; therefore, the study sample comprised 498 pregnant women, 

corresponding to a sample loss of 9.5%. In the second cohort, exclusion occurred 

because of loss of follow-up in 15 cases, incomplete data in seven cases, and 

miscarriage in three cases, totaling 235 cases, corresponding to a sample loss of 9.7%. 

Therefore, the final sample in this study consisted of 733 participants from the two 

cohorts, who were prospectively monitored until birth. Of these, 55 developed PE, 12 at 

early, 21 at preterm and 34 at term. Table 2 shows the comparison of the outcome 

group according to MC. 
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The effectiveness of the predictive model was evaluated by applying two 

existing algorithms (ACOG and NICE) to the study population, and comparing obtained 

results with those obtained with the new algorithm. The participants were classified as 

being at a high or low risk of developing PE according to the criteria established by 

these algorithms.  

Table 3 shows the classification of the participants into high or low risk of 

developing PE using each algorithm, and the correlation between them. There was a 

significant difference between the classifications for the risk of developing PE in the 

same population, with results from these algorithms agreeing in less than an half 

(42.8%) of the cases, with a kappa coefficient of 0.13.  

Table 4 shows the comparison of ACOG and NICE predictive models 

accuracy considering the AUC-ROC values for each outcome group. The results 

indicated low AUC-ROC values, which compromised the accuracy of these algorithms 

for PE prediction in the study population. Nevertheless, ACOG showed higher 

sensitivity and NICE showed higher specificity.  

Figure 1 compares the accuracy of NICE and ACOG predictive models for 

each outcome (total, early, preterm and term PE). For total PE, the difference between 

the AUCs was 0.0407 [95% confidence interval (CI): 0.0286 to 0.110], with no 

statistical significance (p = 0.2498). For early PE, the difference between the AUCs was 

0.0567 (95% CI: -0.0987 to 0.212), with no statistical significance (p = 0.4748). For 

preterm PE, the difference between the AUCs was 0.0953 (95% CI: 0.0127 to 0.203), 

with no statistical significance (p = 0.0836). For term PE, the difference between the 

AUCs was 0.00192 (95% CI: 0.0874 to 0.0912), with no statistical significance (p = 

0.9664).  
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The best predicting model for preterm PE developed for the study population 

included MF and MAP, with a detection rate of 67% for preterm PE cases [false 

positive rate (FPR) of 10%] and AUC of 0.842. This model was compared with ACOG 

and NICE algorithms to assess its accuracy, as shown in Figure 2. The outcome 

preterm PE was considered because of its higher clinical relevance and better statistical 

results.  

In the comparison between the MF+MAP and ACOG algorithms, the 

difference between the AUCs was 0.280 (95% CI: 0.173 to 0.387), with strong 

statistical significance (p < 0.0001). In the comparison between the MF+MAP and 

NICE algorithms, the difference between the AUCs was 0.185 (95% CI: 0.0882 to 

0.2810), also with statistical significance (p = 0.0002). These results indicate the 

improved performance of MF+MAP algorithm in the study population.  

Discussion 

In this study, the PE prediction algorithm was developed considering the FMF 

recommendations for the assessment of PE maternal risk factors. However, two other 

institutions, NICE and ACOG, also established protocols for assessing the risk of 

developing PE [6,7]. Therefore, these algorithms were applied in the same population to 

compare the effectiveness of the models.  

We found that these algorithms had clearly distinct risk classification standards 

for PE, with an agreement in less than an half (42.8%) of the cases. NICE algorithm was 

more thorough than ACOG in the selection of the group at high PE risk; however, no 

significant differences were found between the groups.  

The comparison of these algorithms accuracy indicated their low predictive 

power in all study groups; nonetheless, ACOG was more sensitive, while NICE was 
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more specific. Previous evidences have indicated the poor performance of ACOG and 

NICE models, with ACOG detection rate of 90% for preterm PE and detection rate of 

91% for PE (delivery < 32 weeks), with an FPR of 67% [16], and NICE detection rate 

of 40% for preterm PE and detection rate of 44% for early PE, with an FPR of 11% 

[17].  

In a study by FMF to compare the effectiveness of NICE model with a simple 

algorithm that included parity, PE previous history, ethnicity, history of chronic 

hypertension and conception method, it was observed that NICE had a sensitivity of 

89% and a FPR of 64% in the early detection of PE, whereas the other algorithm had a 

sensitivity of 37% and an FPR of 5% in the same population [18].  

A previous study compared two other algorithms used for PE prediction, the 

First Trimester Screening Program version 2.8 (FMF) and the Preeclampsia Predictor 

TM version 1 revision 2 by Perkin Elmer (PREDICTOR), and found that the 

effectiveness of these algorithms was similar for total PE, with a sensitivity of 40% and 

30% for FMF and PREDICTOR, respectively. However, considering preterm PE, the 

FMF algorithm had a better performance, with AUC of 0.94 and sensitivity of 80% 

[19].  

Upon the inclusion of the prediction algorithm developed in this study (MF and 

MAP) in the comparison, we observed a statistically significant difference between the 

AUC curves, indicating a considerably higher performance of the new algorithm for the 

population evaluated. A comparison of the accuracy of this new model with ACOG and 

NICE algorithms demonstrated the low predictive power of the latter two in all study 

groups, indicating a higher effectiveness of the MF+MAP algorithm in this population.  

Conclusions 
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Therefore, the application of a simple and easy-to-perform PE prediction algorithm, 

which can be used by health professionals in primary care, was more appropriate than 

existing international algorithms for this population. This new algorithm allows the 

detection of pregnant women at a high risk of PE in the first trimester of pregnancy, and 

women with positive screening may be referred to a tertiary service for more accurate 

tests; this strategy shall help decrease maternal and perinatal morbidity and mortality.  
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Figure legends 

Figure 1. Comparison of receiver operator characteristics (ROC) curves of NICE and 

ACOG algorithms for total PE (a), preterm PE (b), term PE (c), and early (d). ACOG: 

American College of Obstetricians and Gynecologists; NICE: National Institute for 

Clinical Excellence; PE: preeclampsia. 

Figure 2. Comparison of the receiver operator characteristics (ROC) curves of NICE, 

ACOG and MC+MAP algorithms for preterm PE. ACOG: American College of 

Obstetricians and Gynecologists; NICE: National Institute for Clinical Excellence; 

MAP: mean arterial pressure; MC: maternal characteristics; PE: preeclampsia. 
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Table 1. Comparison of included variables in NICE, ACOG and new algorithm of this 

study for PE prediction. 

NICE [6] ACOG [7] New algorithm 

High risk factors 
Hypertensive disease in a previous 

pregnancy 

PE previous PE previous 

Diabetes mellitus Diabetes mellitus Diabetes mellitus 

Chronic hypertension Chronic hypertension Chronic hypertension 

Autoimmune disease such as SLE or 

APS 

SLE or thrombophilia Autoimmune disease such as SLE or 

APS 

Chronic renal disease  Chronic renal disease Skin color black 

Moderate risk factors Conception by in vitro fertilization Conception by in vitro fertilization 
Age ≥ 40 years Age > 40 years Age > 30 years 

First pregnancy First pregnancy BMI ≥ 30 kg/m² 

BMI ≥ 35 kg/m² BMI ≥ 30 kg/m² 

Family history of PE Family history of PE 

Inter-pregnancy interval > 10 years 

ACOG: American College of Obstetricians and Gynecologists; NICE: National Institute for Clinical 

Excellence, PE: pre-eclampsia, BMI: body mass index,  
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Table 2. Clinical and obstetrical data of participants according to outcome group. 

Variable No PE (N = 678) PE (N = 55) p value* 

Clinical Variable 
Age (years) 26.0 ± 6.7 27.1 ± 6.4 0.23 
BMI (kg/m²) 25.2 ± 4.7 28.3 ± 4.7 < 0.001 
Prior PE 37 (5%) 8 (14%) 0.01 
Family history of PE 80 (12%) 18 (33%) <0.001 
Nulliparity 330 (49%) 30 (54%) 0.48 
Smoking 41 (6%) 1 (3%) 0.41 
Diabetes mellitus 17 (3%) 1 (5%) 0.66 

Chronic hypertension 27 (4%) 6 (11%) 0.03 
Skin color 0.21 
 White 127 (19%) 7 (13%) 
 Mixed 531 (78%) 48 (87%) 
 Black 20 (3%) 0 (0%) 
Obstetrical Variables 
GA at delivery (weeks) 38.8 ± 1.8 36.2 ± 3.9 < 0.001 
Birth weight (g) 3298 ± 513 2770 ± 1039 < 0.001
GA: gestational age, PE: preeclampsia, NB: newborn BMI: body mass index. 

The values were expressed as mean ± SD or number of cases (proportion). 

* Significance level obtained by unpaired t test for continuous variables and chi-square test for categorical

variables.
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Table 3. Classification of the study participants according to the risk of PE using NICE 

or ACOG algorithms.  

Risk of PE 
ACOG 

High Low Total 

NICE 

High 123 2 125 

Low 417 191 608 

Total 540 193 733 
PE: preeclampsia; NICE: National Institute for Clinical Excellence; ACOG: American College 

of Obstetricians and Gynecologists.  
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Table 4. Area under the receiver operator characteristics curves (AUC-ROC) using 

ACOG and NICE algorithms for each outcome.  

Outcome ACOG NICE 

AUC 95% CI SE 

(%) 

SP 

(%) 

AUC 95% CI SE 

(%) 

SP (%) 

Total PE 0.57 0.54–0.61 87.3 27.4 0.61 0.58–0.65 38.2 84.7 

Preterm PE 0.56 0.53–0.60 85.7 26.7 0.66 0.62–0.69 47.6 83.8 

Term PE 0.57 0.54–0.61 87.5 27.0 0.57 0.54–0.61 31.2 83.6 

Early PE 0.59 0.55-0.62 90.9 26.6 0.64 0.61-0.68 45.5 83.4 

AUC: area under the receiver operator characteristics curve; ACOG: American College of Obstetricians 
and Gynecologists; NICE: National Institute for Clinical Excellence; SE: sensitivity; SP: specificity; CI: 

confidence interval; PE: preeclampsia 



19 



20 



21 



22 



23 



24 

Highlights 

• The simple algorithm developed was efficient to detect preterm preeclampsia.

• This algorithm was more efficient in Brazilian pregnant than NICE and ACOG

guidelines.

• This algorithm is more accessible and potentially lowing health care costs.
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