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Abstract
Objectives (1) To derive a simple risk score for preterm preeclampsia based on the model used in the ASPRE trial, and (2) to compare it (i) with the original ASPRE algorithm, (ii) with the NICE Guideline score, and (iii) with and without biochemical and ultrasonic predictors.
Design Prospective cohort study.
Setting Cambridge, UK.
Population or Sample 4,184 nulliparous women from the Pregnancy Outcome Prediction study. 
Methods Maternal history model coefficients from the ASPRE algorithm were translated into a risk score, preserving the relative weight of each coefficient.  
Main Outcome Measures Preterm delivery with a diagnosis of preeclampsia
Results The area under the ROC curve (AUC) for preterm preeclampsia was 0.846 (95% CI 0.787-0.906) for the risk score and 0.854 (95% CI 0.795-0.914) for the original ASPRE algorithm (P=0.14). 9.1% of women had a risk score of ≥30 and their risk ratio (RR) for preterm PE was 13.3 (95% CI 6.3-27.8), the sensitivity was 57.1% (37.5-74.8%), the false positive rate (1-specificity) was 8.8% (8.0-9.7%), and LR+ was 6.5 (4.6-9.1). The score had higher specificity than the NICE Guideline criteria. First trimester levels of PAPP-A and PlGF were not predictive when included in a model with the risk score. In contrast, mean arterial pressure at booking and 20 week uterine artery Doppler were independently associated with preterm preeclampsia and the latter modestly increased the AUC (by ~0.02).
Conclusions A simple risk score derived from the ASPRE screening study predictive model provided clinically useful prediction of the risk of preterm preeclampsia.
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Introduction

Current National Institute for Health and Care Excellence (NICE) guidelines for antenatal care in the UK recommend treatment of women at high risk of preeclampsia with 75mg of aspirin daily from 12 weeks of pregnancy.1 High risk is defined by obstetric history, history of chronic diseases and dichotomised risk factors related to the current pregnancy. The continuous nature of maternal characteristics such as age, height and weight is not utilised in the NICE definition of high risk. A more specific test to guide the use of aspirin could potentially reduce any harmful side-effects of the treatment; for example, it has recently been suggested that aspirin exposure may be associated with an increased risk of bilateral spastic cerebral palsy.2 

It has been argued that maternal factors alone do not perform well in preeclampsia risk assessment, primarily due to poor specificity.3 Recently, the ASPRE trial4,5 employed an algorithm developed by the Fetal Medicine Foundation (FMF),6 which includes maternal characteristics and medical history. In addition, it includes the mean arterial pressure (MAP), mean uterine artery pulsatility index (UtA-PI), and two first trimester biochemical markers that reflect placental function, namely placental growth factor (PlGF) and pregnancy-associated plasma protein-A (PAPP-A). Screening performance using the FMF algorithm has been found to be superior to the current National Institute for Health and Care Excellence (NICE) guidelines in large prospective multicentre studies of singleton pregnancies.7,8

The FMF algorithm has a maternal history component which has been shown to have a higher sensitivity to detect any preeclampsia and preterm preeclampsia in both nulliparous and parous women than the current definition of high risk according to the NICE guidelines.9 The maternal history algorithm utilises the continuous nature of maternal age, height and weight. We derived a simple risk score using this detailed maternal history algorithm which could be easily used in the clinic. We compared its screening performance for preterm preeclampsia 1) with the maternal history algorithm itself, 2) with the current definition of high risk according to the NICE guidelines, and 3) with and without biochemical and ultrasonic predictors, in an unselected population of nulliparous women with a singleton pregnancy. 

Methods

Deriving a risk score from the ASPRE model
The published regression coefficients from a fitted competing risks model for the calculation of predicted gestational age at preeclampsia (PGAPE) were used.4,9 The model was developed in a screening study of 59,947 nulliparous and 60,545 multiparous women with a singleton pregnancy at 11-13 weeks’ gestation and 2.2% of the women experienced preeclampsia. In nulliparous women, the prior history model utilises information on maternal age, height, ethnicity, chronic hypertension, systemic lupus erythematosus, antiphospholipid syndrome, conception by IVF, maternal weight, family history of PE, and diabetes mellitus. In parous women, the model additionally includes gestational age at birth from the previous pregnancy and the inter-pregnancy interval. Otherwise, the regression coefficients are exactly the same in nulliparous and in multiparous women. PGAPE is inversely associated with the risk of developing preterm preeclampsia. 
A simple scoring system was developed for nulliparous women. The age-related risk score was set to 0 for women aged 35 years and below, similarly to the prior history model. The published coefficient was rounded to -0.2. From age 36 and above, a one year increase in age was set to increase the age-related risk score by 1 (Table 1). Since very few nulliparous women get pregnant after the age of 45, risk score 10 was given to all women aged 45 or over. The relative weight of every other variable was determined against the coefficient for age. The coefficient for a 1cm increase in height was 0.1. Therefore, a 2 cm decrease in height was equivalent to one year increase in age. Height was stratified into 2 cm categories and the height-related risk score was one point lower by every 2 cm increase in height. Women who were ≥184 cm were grouped to a single category (height-related risk score = 0) and women who were <148 cm were also grouped to a single category (height-related risk score = 19) so that both categories would contain <0.5% of the women. Similarly, the coefficient for a 1kg increase in weight was -0.0694. Therefore, a 3kg increase in weight was equivalent to a one year increase in age. Hence, weight was grouped into 3-kg categories and a one category increase in weight was equivalent to one year increase in age. The lower tail (<45 kg) and the upper tail (≥120 kg) of the distribution were grouped to single categories so that each of them would contain <0.5% of the women. For categorical variables, the risk score was determined as the ratio of the coefficient in question and the coefficient of age, e.g. for chronic hypertension, risk score was -7.2897/-0.2069 = 35. The risk scores for each component are rounded to the nearest integer and their sum gives a total risk score. The last three items are added only if the woman does not have chronic hypertension. Three examples of the calculation of the score are given in Figure 1 for three different women, one with and two without chronic hypertension, illustrating concordance and discordance between the score and classification using the NICE criteria.

The Pregnancy Outcome Prediction study
The performance of the total risk score was tested in the Pregnancy Outcome Prediction (POP) study, which has been described previously.10-12 In brief, the POP study was a prospective cohort study of unselected nulliparous women with a singleton pregnancy attending the Rosie Hospital, Cambridge, UK, between January 2008 and July 2012. Participants had phlebotomy and fetal biometry at 12, 20, 28 and 36 weeks of gestational age (wkGA). Doppler flow velocimetry was performed at 20, 28 and 36wkGA. Outcome data were retrieved through individual review of each patient’s case record and by linkage to electronic databases of imaging, blood tests, delivery episode and neonatal care. MAP was calculated from the blood pressure recorded at each woman’s booking antenatal visit. The blood pressure measurements were performed by GPs, practice nurses and midwives using a wide range of devices. Preeclampsia was defined and classified using the 2013 ACOG Guideline.13,14 Women who completed the POP study and had information on preeclampsia status were eligible for the analysis. We excluded women who reported use of aspirin in the questionnaire administered at 20 weeks of gestation. Missing values in maternal characteristics were replaced by population mean or the most common value. UtA-PI was analysed as a log-transformed z score adjusted for the exact gestational age at measurement as previously described11 and missing values were replaced by population mean. MAP was not associated with GA at measurement in the POP study and therefore not corrected for it. Missing values in MAP were replaced by the predicted value from a linear regression using body mass index, height and age as covariates. Maternal serum levels of PAPP-A and PlGF were measured on stored serum samples using the Roche cobas platform, as previously described,12,14 and converted into gestational age and maternal weight corrected multiples of the median (MoMs) as previously described.15 MoMs were converted into z scores and missing values were replaced by population mean. All study participants gave written informed consent. There was no patient and public involvement or a core outcome set for the present study.

Statistics
An individual risk score was calculated for each woman in the POP study and its screening performance was assessed in relation to preeclampsia leading to preterm birth. ROC curve analysis was used to compare the published algorithm (PGAPE) and the simple risk score, and the equality between the areas under the curve (AUC) was compared using the nonparametric DeLong test. To compare the risk score with the current NICE definition, the risk score was dichotomised to top 10% and bottom 90% of predicted risk. Standard screening statistics were calculated for both methods and compared. 95% confidence intervals for the positive and negative likelihood ratios were estimated using the method by Simel et al (1991).16 For sensitivity, specificity, and positive and negative predictive values, 95% confidence intervals were calculated using a logit-transformed method to ensure the interval is always within the possible range (0% to 100%).17 As a sensitivity analysis, logistic regression models using the risk score or PGAPE with and without the addition of 12 week measurements of MAP, PAPP-A and PlGF were fitted, and ROC curve analyses and likelihood ratio (LR) tests between the nested models were performed. UtA-PI was only available at 20 weeks and a similar analysis was performed for this measurement. We did not use any correction for optimism as we included only the maximum of two predictor variables in each model (the ratio of cases to predictors was >10 in all models),18 and although the fraction of cases was small, the total sample size was large.19 All statistical analyses were performed using Stata v15 (Statacorp, College Station, TX, USA).

Results

In total, 4,212 women completed the POP study. We excluded 5 women who did not have information on preeclampsia and 24 women who reported use of aspirin (one of whom had no information on preeclampsia), leaving 4,184 women for the analysis of preterm preeclampsia. Altogether, 79 (1.9%) of the women had one or more missing values in maternal characteristics: n=72 women who had ethnicity missing were assumed to be white European, and missing heights (n=6) and missing weight (n=1) were imputed by population mean. One of the elements of the ASPRE risk score was family history of preeclampsia: this information was not recorded in the POP study and was imputed as absent for all women. 

The distribution of the risk score was skewed and bi-modal (Figure S1), peaking at 17-18 (higher peak) and at 45-46 (lower peak). Among the 4,184 women, 28 (0.7%) had preeclampsia leading to preterm birth (Table 2). The risk score was used to predict the observed preterm PE in the POP study. The AUC was lower only by 0.008 compared to the AUC using the original algorithm (PGAPE). AUC for the risk score was 0.846 (95% CI 0.787-0.906) and for the PGAPE 0.854 (95% CI 0.795-0.914) (Figure 2). The p-value for the test of equality between the two AUCs was 0.14. 

Figure 3 shows the relationship between the risk score and predicted risk of preeclampsia. Observed risks were plotted against predicted risks to assess model calibration. The calibration plot (Figure S2) shows that in the highest quintile of predicted risk (mean=2.3%), the observed risk was similar. The predicted number of cases in the highest quintile was 17.1 and observed number was 17. In quintiles 1, 2 and 4 the calibration was less good although this might reflect random noise due to the small number of cases in total. When the predicted risk was dichotomised to screen positives and screen negatives (Figure S3), the observed risk in screen positives (4.2%) was close to the mean predicted risk (3.8%). The predicted number of cases in the screen positives was 14.4 and the observed number was 16.

The absolute risk of preterm PE in the whole POP study was 0.7%. The cut-off for “high risk” was determined in the POP study for the risk score and PGAPE using a 10% screen positive rate, i.e. top 10% of the predicted risk. Since the risk score is not completely continuous and generates only integer values, the closest to 10% screen positive rate in the risk score distribution was 9.1%. The predicted risk at the cut-off point was 0.96%. This corresponds to the total risk score cut-off of 30, i.e. a score of ≥30 was categorised as screen positive. The risk ratio (RR) for preterm PE using this risk score cut-off was 13.3 (95% CI 6.3-27.8). Screening statistics are given in Table 2. The corresponding statistics using PGAPE with 10% screen positive rate (cut-off of 52.3 weeks of gestation, predicted risk=0.78% at the cut-off point) were RR=14.1 (6.6-29.8). The screening statistics were not markedly different between PGAPE and the derived risk score.

Eleven percent of women screened positive using the NICE classification. This classification resulted in a false positive rate of 10.6% (9.7-11.6%) which is higher than what was achieved using the simple risk score: 8.8% (8.0-9.7%). The sensitivity using the two methods was similar but due to the relatively small number of cases, the power to detect differences in sensitivity was limited.

The addition of 12 week measurements of MAP, PAPP-A and PlGF into the model with 1) PGAPE and 2) the risk score was studied using a ROC curve analysis and the likelihood ratio (LR) test (Table 3). The addition of PlGF did not improve the models based on either the LR-test or change in the AUC. Although the addition of PAPP-A and MAP may have slightly improved the models based on LR-tests, model discrimination measured by the AUC did not improve. The 20 week UtA-PI was strongly associated with preterm preeclampsia in models including PGAPE or the risk score, and it increased the AUC by ~0.02 but this increase was not statistically significant.

In order to confirm that the Roche assays for PAPP-A and PlGF worked in the first trimester, we analysed their relationships with the risk of delivering an infant with a birth weight <3rd percentile for sex and gestational age. The AUC for PAPP-A was 0.614 (95% CI 0.545-0.683, P=0.001) and for PlGF was 0.578 (95% CI 0.508-0.648, P=0.028). 

Discussion

Main Findings
The main finding of this study is that a simple risk score based on maternal characteristics, derived from the ASPRE trial predictive model, provided clinically useful prediction of risk in a cohort of nulliparous women with a singleton pregnancy. We found that first trimester biochemical markers of preeclampsia were not even statistically associated with preterm preeclampsia when added to a model containing the risk score. Mean arterial blood pressure at booking was statistically significantly associated with the risk of preterm preeclampsia when combined in a model with the risk score, however, models using the risk score alone and the combination of the risk score and MAP resulted in virtually identical AUCs. In contrast, the 20 week uterine artery Doppler mean pulsatility index was independently associated with preterm preeclampsia and increased the AUC achieved by ~0.02. Although the difference in the AUC was not statistically significant, the method used to compare AUCs is not particularly powerful at detecting small improvements in prediction. Finally, when the risk score was dichotomised, the predictive performance was somewhat better than that achieved using the NICE Guideline criteria for high risk, primarily reflected in higher specificity. 

Strengths
The use of the current NICE guidelines results in a binary classification of risk. For example, a nulliparous woman with a BMI of 34.9 and no other risk factors is assessed as being low risk whereas a nulliparous woman with a BMI of 35.1 and no other risk factors is assessed as being high risk and requiring aspirin. In reality, the women have a virtually identical risk. This type of anomaly underlines the strength of classification approaches where the continuous nature of variables is taken into account. However, the risk score has the advantage over the full ASPRE algorithm in that it can be calculated without analysing biomarkers or performing uterine artery Doppler, and it does not require access to an internet connected computer or smartphone. Neither the FMF risk calculator, available at https://fetalmedicine.org/research/assess/preeclampsia, nor the equivalent mobile application offers offline functionality. Hence, the simple risk score could be particularly useful in low-resource settings, although there may be other more pressing priorities than screening for preterm preeclampsia in very low-resource settings. A further strength of the analysis is that we were able to assess the different approaches to risk prediction in a prospective cohort study combining a large number of women, extensive clinical information, well documented outcomes,14 and with data on both first trimester biomarkers.

Limitations
The POP study did not collect data on family history of preeclampsia and the present analysis assumed none for everyone. Family history is required in the maternal history model for women without chronic hypertension but it is not one of the strongest predictors in the model. We may have misclassified about 5% of the women due to this omission but the likely effect of this would be only a slight attenuation in the predictive power of the algorithm and the risk score. Also, we could not evaluate the maternal history model or calculate a risk score in parous women since the POP study was restricted to nulliparous women by design. Moreover, we could not analyse the full Fetal Medicine Foundation (FMF) algorithm used in the ASPRE trial since we did not have a 12 week measurement of uterine Doppler available in the POP study. The benefit of adding the first trimester measurement of uterine Doppler to information on maternal history needs to be further validated in other cohorts. However, we had 12 week measurement of MAP, PAPP-A and PlGF and these did not improve the model discrimination in the present study. A caveat to this finding is that we used the routinely measured MAP at the booking visit whereas the ASPRE trial used a more detailed protocol for measuring MAP.20 However, our analysis may better reflect how the model works in the real world where standardised protocols may not be applied and measurements are taken by different medical professionals using a range of devices. We took an externally defined maternal history model and tested it in a separate sample. In the absence of the raw data which was used to build the model, we could not further evaluate different permutations of the risk factors to provide suitable models for low-resource settings where some of the risk factors included in the maternal history model would not be feasible to collect. This would require further study in the original dataset where the model was built or in other very large datasets with adequate numbers of cases. The number of women who had preeclampsia leading to preterm birth was only 28 in the POP study. To compare sensitivity between the methods of classifying women at high risk, a larger number of cases would be needed. We have provided 95% confidence intervals for all our estimates and these should be considered to assess the level of uncertainty. Although the risk score used the continuous nature of the predictor variables, a threshold had to be applied to classify the women into risk categories to enable a comparison with the NICE guidelines. However, the risk score is still more informative than a binary classification as it provides a much more precise risk estimate. 

Interpretation
The performance of the maternal history model in the POP study was similar or better than in the original study it was developed in, where the AUC was 0.792 for preeclampsia leading to preterm delivery.9 Turning the algorithm into a risk score did not have a notable effect on the discrimination of the model, and therefore the risk score could be used for simplicity in low-resource settings. Previous studies have observed improvement in performance by including the first trimester MAP, PAPP-A or PlGF into the model7,8 but this was not the case in the POP study. However, this may reflect the relatively small numbers of cases and that the study was underpowered to detect small improvements in model performance. We believe that the simple risk score defined could be used instead of the NICE Guideline criteria. Further studies will be required to validate the same approach for multiparous women. However, we have replicated the same approach to include parous women and include this (unevaluated) risk score in the Supplement (Table S1, Figure S4).

Conclusions
We conclude (1) that employing the simple risk score may be useful as a means of targeting the use of aspirin in nulliparous pregnant women, (2) that adding first trimester MAP, PAPP-A and PlGF did not significantly improve prediction in our study, and (3) resolving the contribution of first trimester uterine artery Doppler and verifying the higher specificity of the simple risk score will require further research.
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Table 1. Calculation of the risk score in nulliparous women.
	
	
	
	
	

	Risk factor
	
	Coefficients*
	Scoring

	
	
	
	
	

	
	Age (years)
	
	-0.206886
	<36=0, 36=1, 37=2, 38=3, 39=4, 40=5, 41=6, 42=7, 43=8, 44=9, ≥45=10

	
	Height (cm)
	
	0.1171
	<148=19, 148-149=18, 150-151=17, 152-153=16, 154-155=15, 156-157=14, 158-159=13, 160-161=12, 162-163=11, 164-165=10, 166-167=9, 168-169=8, 170-171=7, 172-173=6,  174-175=5, 176-177=4, 178-179=3, 180-181=2, 182-183=1, ≥184=0

	
	Ethnicity
	
	-2.6786 (A-C), 
-1.129 (S-A)
	Afro-Caribbean=13, 
South Asian=5, Other=0

	
	CH
	
	-7.2897
	Chronic hypertension=35, No chronic hypertension=0

	
	SLE or APS
	
	-3.0519
	Systemic lupus erythematosus or antiphospholipid syndrome=15, Neither=0

	
	IVF
	
	-1.6327
	Conception by IVF=8, Spontaneous conception=0

	
	If no CH, add:
	
	
	

	
	  Weight (kg)
	
	-0.0694096
	<45=0, 45-47=1, 48-50=2, 51-53=3, 54-56=4, 57-59=5, 60-62=6, 63-65=7, 66-68=8, 69-71=9, 72-74=10, 75-77=11, 78-80=12, 81-83=13, 84-86=14, 87-89=15, 90-92=16, 93-95=17, 96-98=18, 99-101=19, 102-104=20, 105-107=21, 108-110=22, 111-113=23, 114-116=24, 117-119=25, ≥120=26 

	
	  Family history of PE
	
	-1.7154
	Family history of preeclampsia=8, No family history of PE (or not known)=0

	
	  T1D or T2D
	
	-3.3899
	Diabetes mellitus type 1 or 2 =16, Neither=0

	
	
	
	
	


*Coefficients were obtained from the published prior history model.4,9 Abbreviations: A-C=Afro-Caribbean, S-A=South Asian, CH=chronic hypertension, SLE=Systemic lupus erythematosus, APS=antiphospholipid syndrome, IVF=in-vitro fertilisation, PE=preeclampsia, T1D=type 1 diabetes mellitus, T2D=type 2 diabetes mellitus.


Table 2. Diagnostic effectiveness of the NICE guidelines, the simple risk score, and the maternal history algorithm in screening for preterm preeclampsia at 12wkGA.
	
	
	
	
	
	
	
	
	
	
	
	

	Screening test
	
	TP/FP
	TN/FN
	Positive LR
(95% CI)
	Negative LR
(95% CI)
	Sensitivity (95% CI)
	Specificity
(95% CI)
	FPR
(95% CI)
	PPV
(95% CI)
	NPV
(95% CI)

	
	
	
	
	
	
	
	
	
	
	
	

	
	NICE guidelines
	
	15/442
	3714/13
	5.0
(3.5-7.2)
	0.52
(0.35-0.77)

	53.6
(34.3-71.8)
	89.4
(88.4-90.3)
	10.6
(9.7-11.6)
	3.3
(2.0-5.4)
	99.7
(99.4-99.8)

	
	Risk score derived from maternal history algorithm
	
	16/366
	3790/12
	6.5
(4.6-9.1)
	0.47
(0.31-0.72)

	57.1
(37.5-74.8)
	91.2
(90.3-92.0)
	8.8
(8.0-9.7)
	4.2
(2.6-6.7)
	99.7
(99.4-99.8)

	
	Maternal history algorithm (PGAPE)
	
	17/397
	3759/11
	6.4
(4.7-8.7)
	0.43
(0.27-0.69)
	60.7
(40.8-77.6)
	90.4
(89.5-91.3)
	9.6
(8.7-10.5)
	4.1
(2.6-6.5)
	99.7
(99.5-99.8)

	
	
	
	
	
	
	
	
	
	
	
	


The cut-off points for the risk score and PGAPE were determined using a 10% screen positive rate. A risk score of ≥30 and PGAPE of ≤52.3 were categorised as screen positives. Abbreviations: TP=true positive, FP=false positive, LR=likelihood ratio, FPR=false positive rate, PPV=positive predictive value, NPV=negative predictive value, CI=confidence interval, NICE=National Institute for Health and Care Excellence, PGAPE=Predicted gestational age at preeclampsia.




Table 3. Analysis of the addition of 12 week measurements of MAP, PAPP-A and PlGF and 20 week measurement of UtA-PI into the logistic regression models using a ROC curve analysis and the likelihood ratio test.
	
	
	
	
	
	

	Model
	
	AUC (95% CI)
	Equality of AUC test p-value
	LR-test 
p-value

	
	
	
	
	
	

	
	PGAPE
	
	0.854 (0.795-0.914)
	
	

	
	PGAPE + MAP
	
	0.846 (0.769-0.923)
	0.71
	0.034

	
	PGAPE + PAPP-A
	
	0.850 (0.773-0.926)
	0.85
	0.053

	
	PGAPE + PlGF
	
	0.866 (0.804-0.929)
	0.27
	0.34

	
	PGAPE + UtA-PI
	
	0.873 (0.803-0.942)
	0.41
	<0.0001

	
	
	
	
	
	

	
	Risk score
	
	0.846 (0.787-0.906)
	
	

	
	Risk score + MAP
	
	0.845 (0.772-0.917)
	0.93
	0.033

	
	Risk score + PAPP-A
	
	0.845 (0.772-0.918)
	0.95
	0.045

	
	Risk score + PlGF
	
	0.858 (0.795-0.920)
	0.31
	0.28

	
	Risk score + UtA-PI
	
	0.871 (0.801-0.941)
	0.28
	<0.0001

	
	
	
	
	
	


Abbreviations: PGAPE=Predicted gestational age at preeclampsia, MAP=mean arterial pressure, PAPP-A=pregnancy-associated plasma protein-A, PlGF=placental growth factor, UtA-PI= uterine artery pulsatility index, AUC=area under the ROC curve, CIO=confidence interval, LR=likelihood ratio. 
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Figure 1. Examples of hypothetical nulliparous women with discordant and concordant results using ASPRE risk score and NICE classification.
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Figure 2. ROC curve analysis for the risk score (AUC=0.846 (95% CI 0.787-0.906), solid line) and for the PGAPE (AUC=0.854 (95% CI 0.795-0.914), dashed line). Abbreviations: PGAPE=Predicted gestational age at preeclampsia, AUC=area under the ROC curve, CI=confidence interval, LR=likelihood ratio.
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Figure 3. Relationship between the risk score and predicted risk of preeclampsia.
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Figure S1. Distribution of the risk score in the POP study (n=4,184).


[image: U:\My Documents\Analysis\Calculators\ASPRE\Graphs_21jun2018\Calibrationplot_RiskScore_all_by_quintiles_mod.png]
Figure S2. Calibration plot of the risk score in the POP study (n=4,184) using quintiles of the predicted risk.
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Figure S3. Calibration plot of the risk score in the POP study (n=4,184) dichotomised to screen positives (high predicted risk) and screen negatives (low predicted risk).


Woman #1
Age = 27, height = 155cm, Afro-Caribbean ancestry, no history of chronic hypertension, no SLE/APS, spontaneous conception, parous with previous preeclampsia, previous gestational age 36 weeks, weight 78kg, no family history of PE, no pre-gestational diabetes
ASPRE risk score = high risk*, score = 0+15+13+0+0+0+39-19+12+0+0 = 60
NICE = high risk, 1 major risk factor = hypertensive disease during a previous pregnancy
Woman #2
Age 40, height 176cm, white European ancestry, no history of chronic hypertension, no SLE/APS, spontaneous conception, parous with no previous preeclampsia, inter-pregnancy interval 12 years, previous gestational age 40 weeks, weight 72kg, no family history of PE, no pre-gestational diabetes
ASPRE risk score = low risk*, score = 5+4+0+0+0+0+21-11-19+10+0+0 = 10
NICE = high risk, 2 moderate risk factors = age≥40 AND pregnancy interval of >10 years

Figure S4. Examples of hypothetical parous women with discordant and concordant results using ASPRE risk score and NICE classification.
*Using the ASPRE risk score, Woman #1 and Woman #2 would almost certainly be defined as high risk and low risk, respectively. However, the exact cut-off point for a high risk (i.e. the threshold that separates parous women at the top 10% of predicted risk) would have to be determined in a large population of parous women.
Table S1. Calculation of the risk score in parous women.
	
	
	
	
	

	Risk factor
	
	Coefficients*
	Scoring

	
	
	
	
	

	
	Age (years)
	
	-0.206886
	<36=0, 36=1, 37=2, 38=3, 39=4, 40=5, 41=6, 42=7, 43=8, 44=9, ≥45=10

	
	Height (cm)
	
	0.1171
	<148=19, 148-149=18, 150-151=17, 152-153=16, 154-155=15, 156-157=14, 158-159=13, 160-161=12, 162-163=11, 164-165=10, 166-167=9, 168-169=8, 170-171=7, 172-173=6,  174-175=5, 176-177=4, 178-179=3, 180-181=2, 182-183=1, ≥184=0

	
	Ethnicity
	
	-2.6786 (A-C), 
-1.129 (S-A)
	Afro-Caribbean=13, 
South Asian=5, Other=0

	
	CH
	
	-7.2897
	Chronic hypertension=35, No chronic hypertension=0

	
	SLE or APS
	
	-3.0519
	Systemic lupus erythematosus or antiphospholipid syndrome=15, Neither=0

	
	IVF
	
	-1.6327
	Conception by IVF=8, Spontaneous conception=0

	
	Parous with previous PE: intercept
	
	-8.1667
	Parous with previous PE=39, Other=0

	
	Parous with previous PE: 
(previous GA in weeks - 24)2
	
	0.0271988
	GA (weeks) <26 = 0, 26-27=-1, 28=-2, 29=-3, 30=-5, 31=-6, 32=-8, 33=-11, 34=-13, 35=-16, 36=-19, 37=-22, 38=-26, 39=-30, 40=-34, 41=-38, 42=-43, ≥43=-47

	
	Parous with no previous PE: intercept
	
	-4.335
	Parous with no previous PE=21, Other=0

	
	Parous with no previous PE: 
(interval in years)-1
	
	-4.15137651
	
Inter-pregnancy interval (years)  1=-25, 2=-21, 3=-19, 4=-17, 5=-16, 6=-15, 7=-14, 8-9=-13, 10=-12, 11-12=-11, 13-17=-10, ≥18=-9

	
	Parous with no previous PE: 
(interval in years)-0.5
	
	9.21473572
	

	
	Parous with no previous PE: 
(previous GA in weeks -24)2
	
	0.01549673
	GA (wk) <27 = 0, 27-28=-1, 29=-2, 30=-3, 31=-4, 32=-5, 33=-6, 34=-7, 35=-9, 36=-11, 
37=-13, 38=-15, 39=-17, 40=-19, 41=-22, 42=-24, ≥43=-27

	
	If no CH, add:
	
	
	

	
	  Weight (kg)
	
	-0.0694096
	<45=0, 45-47=1, 48-50=2, 51-53=3, 54-56=4, 57-59=5, 60-62=6, 63-65=7, 66-68=8, 69-71=9, 72-74=10, 75-77=11, 78-80=12, 81-83=13, 84-86=14, 87-89=15, 90-92=16, 93-95=17, 96-98=18, 99-101=19, 102-104=20, 105-107=21, 108-110=22, 111-113=23, 114-116=24, 117-119=25, ≥120=26 

	
	  Family history of PE
	
	-1.7154
	Family history of preeclampsia=8, No family history of PE (or not known)=0

	
	  T1D or T2D
	
	-3.3899
	Diabetes mellitus type 1 or 2 =16, Neither=0

	
	
	
	
	


*Coefficients were obtained from a previous publication (Wright D, Syngelaki A, Akolekar R, Poon LC, Nicolaides KH. Competing risks model in screening for preeclampsia by maternal characteristics and medical history. Am J Obstet Gynecol. 2015;213(1):62 e61-10). Abbreviations: A-C=Afro-Caribbean, S-A=South Asian, CH=chronic hypertension, SLE=Systemic lupus erythematosus, APS=antiphospholipid syndrome, IVF=in-vitro fertilisation, PE=preeclampsia, GA=gestational age, T1D=type 1 diabetes mellitus, T2D=type 2 diabetes mellitus.


image1.jpeg
Woman #1

Age = 24, height = 155cm, Afro-Caribbean ancestry, no history of chronic hypertension, no SLE/APS,
spontaneous conception, weight 75kg, no family history of PE, no pre-gestational diabetes

ASPRE risk score = high risk, score = 0+15+13+0+0+0+11+0+0 = 39

NICE = low risk, 1 moderate risk factor only = nulliparity (BMI = 31.2, below NICE threshold)
Woman #2

Age 40, height 175cm, white European ancestry, no history of chronic hypertension, no SLE/APS,
spontaneous conception, weight 65kg, no family history of PE, no pre-gestational diabetes

ASPRE risk score = low risk, score = 5+5+0+0+0+0+7+0+0 = 17

NICE = high risk, 2 moderate risk factors = age>40 AND nulliparity
Woman #3

Age 30, height 170cm, white European ancestry, positive history of chronic hypertension, no

SLE/APS, spontaneous conception, weight 65kg, no family history of PE, no pre-gestational diabetes.

ASPRE risk score = high risk, score = 0+7+0+35+0+0 = 42
NICE = high risk, 1 major risk factor = history of chronic hypertension and 1 moderate risk factor =

nulliparity
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