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Abstract
Objectives: To explore the effects of low levels of first trimester Pregnancy Associated Plasma Protein-A (PAPP-A) on adverse pregnancy outcomes. 

Design: Single centre retrospective observational study. 

Setting: District general hospital. 

Population: Women with singleton pregnancies with low PAPP-A, attending Heatherwood and Wexham Park Hospital for first trimester combined screening for 
Down syndrome. 

Methods: Data was collected from Astraia Database and CMiS maternity system. Multiple linear regression models for birth weight and gestational age at delivery 
were developed after adjusting for confounding variables. Logistic regressions were dichotomised for preterm delivery into <34 weeks and ≥ 34 weeks, birth weight 
centiles, into <10th centile and ≥10th centile, and pre-eclampsia versus no pre-eclampsia. 

Main outcome measures: Preterm birth, small for gestational age (SGA) and pre-eclampsia. 

Results: PAPP-A levels of ≤0.4MoM is associated with SGA <10th centile at p=0.04 with a positive predictive value (PPV) of 83.3% and negative predictive value 
(NPV) of 79.3%. Similarly, association with preterm birth <34 weeks is also significant at p=0.05 with PPV of 66% and NPV of 87.4%. A significant association with 
pre-eclampsia (p=0.6) could not be identified. In our study data of PAPP-A ≤0.4 MoM, for every 0.1MoM fall in PAPP-A, there was a reduction in birth weight 
by 78gm and an earlier birth by 5.3 days. 

Conclusion: There is an increased likelihood of preterm delivery and SGA with progressive reduction of PAPP-A levels below ≤0.4 MoM.
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Introduction
Pregnancy Associated Plasma Protein (PAPP-A) is an important 

glycoprotein found in maternal blood that increases as pregnancy 
progresses [1], although it is not specific to pregnancy [2,3]. In 
pregnancy, PAPP-A is principally expressed in the syncytiotrophoblast 
of the placenta, which forms the main source of circulating maternal 
PAPP-A [4-6]. PAPP-A first identified in 1974, was later shown to be a 
protease that cleaves insulin-like growth factor binding protein -4 and 
-5 (IGFBP-4 and -5) to release free Insulin-like Growth Factors (IGF-1 
and IGF-2) [7-9], and known to play a critical role in the regulation 
of fetal and placental growth [10-12]. Insulin-like Growth Factors 
(IGFs) are also thought to have an important role in the autocrine 
and paracrine control of trophoblast invasion of the decidua [13]. 
Maternal serum PAPP-A concentrations reflect the placental volume; 
hence low levels of PAPP-A may be an indicator of impaired placental 
function and implantation. Reduced placental size and defective 
syncytiotrophoblast results in reduced secretion of PAPP-A [14,15]. 
The origins of fetal growth restriction, as well as pre-eclampsia, known 
to be associated with placental dysfunction, are reported to occur in 
the 1st trimester, probably due to poor placentation secondary to 
suboptimal trophoblastic invasion [16]. In keeping with this logic, 

there is emerging evidence that low PAPP-A is associated with adverse 
pregnancy outcomes such as pregnancy loss, preterm birth and low 
birth weight [17,18].

Maternal serum PAPP-A levels in the first trimester are readily 
available in recent years due to well-established first trimester 
combined screening test for trisomy 21. Low PAPP-A levels are 
associated with an increased risk of chromosomal aberrations [19-21]. 
In addition to its value in predicting aneuploidy, decreased PAPP-A 
levels in chromosomally normal fetuses are associated with various 
adverse pregnancy outcomes; however not sufficiently enough to be a 
marker for prediction of any one outcome.
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The aim of this study was to explore and quantify the effects of low 
levels of first trimester PAPP-A on pregnancy outcomes, in particular 
Small for Gestational Age (SGA), preterm birth and development of 
pre-eclampsia.

Methods
This is a single centre retrospective observational study of singleton 

pregnancies that underwent first trimester combined screening for 
Down syndrome between January 2011 and December 2013 at the 
then Heatherwood and Wexham Park Hospitals Foundation Trust, 
now part of Frimley Health Foundation Trust. Pregnancy outcome 
data were collected until June 2014. From this cohort of women, all 
singleton pregnancies with PAPP-A levels ≤0.4 MoM (corresponding 
to 5th centile) were identified from the Astraia Obstetrics ultrasound 
database (www.astraia.com) with documentation and risk estimates 
of first trimester screening. Data regarding maternal characteristics, 
biomarkers, ultrasound measures and pregnancy outcomes were also 
collected from Astraia. This included maternal age, weight, Body 
Mass Index (BMI), smoking status, ethnicity, mode of conception, 
parity, PAPP-A in MoM, as well as outcomes including Gestational 
Age (GA) at delivery, mode of delivery and birth weight (live births). 
This information was cross-referenced with that on CMiS Maternity 
database (HD Clinical). CMiS database was also searched to identify 
any pre-existing hypertension or diabetes, subsequent development 
of gestational hypertension, Pre-Eclampsia (PET), or Gestational 
Diabetes (GDM) in these women. The birth weight centile was 
calculated adjusting for GA at delivery.

PAPP-A levels were measured using Thermo Fisher Scientific, 
Brahms Kryptor analyser. This is based on Time Resolved Amplified 
Cryptate Emission (TRACE) technology. Astraia converts the absolute 
values of PAPP-A into MoM, adjusting for fetal Crown Rump Length 
(CRL), maternal age, maternal weight, parity, ethnicity, smoking and 
use of assisted conception techniques as previously described by Kagan 
et al [22]. CRL and nuchal translucency (NT) measurements were 
assessed by trained sonographers according to guidelines outlined 
by Fetal Medicine Foundation [23,24] and FASP (Fetal Anomaly 
Screening Programme). GA was calculated from first trimester CRL. 

Miscarriage was defined as fetal loss prior to 24 weeks of gestation. 
Preterm birth was defined as birth before 37 completed weeks of 
gestation (and after 24 weeks of gestation), which could be either 
iatrogenic or due to spontaneous preterm labour, and early preterm 
birth defined as that before 34 weeks of gestation. Pre-eclampsia was 
defined, according to the guidelines of the International Society for 
the Study of Hypertension in Pregnancy [25], as the occurrence of 
gestational hypertension with proteinuria of 300 mg or more in 24hrs 
or two readings of elevated blood pressure and at least 2+ on the urine 
dipstick analysis 6hrs apart. SGA was defined as a birth weight below 
the 10th centile for gestational age [26]. 

Statistical analyses
Statistical analyses were performed using the R software for 

statistical computing and graphics, version 3.2.1. Histograms and bar 
charts of the variables were examined to understand the distribution 
of the data, and consider the possible need for transformation, to 
check for outliers and influential observations, and to identify sparse 
categories that may require recoding. A scatter plot matrix of the 
continuous variables was drawn to determine rough linear or non-
linear relationships in the data. The continuous variables included 

age, body mass index (BMI), PAPP-A, Gestational Age (GA) at 
delivery and birth weight. All the above variables except PAPP-A were 
approximately normally distributed; the distribution GA at birth is 
skewed to the left. Due to experimental conditions, PAPP-A formed 
the left tail of normal distribution. Boxplots and violin plots were 
drawn for the categorical/discrete predictors, which included pre-
eclampsia, gestational diabetes, parity, smoking status and ethnicity. 
Bivariate analyses were performed to explore important predictors 
for each of our primary outcomes. The data were analysed using both 
linear regression (with gestational age at delivery and birth weight 
as continuous variables) and logistic regressions dichotomised for 
preterm delivery into <34 weeks, SGA dichotomised for <10th centile, 
and pre-eclampsia versus no pre-eclampsia. Multiple linear regression 
models for birth weight and gestational age at delivery were developed 
adjusting for confounding variables. The performances of the different 
models were evaluated by Receiver Operating Characteristic (ROC) 
curve analysis with estimation of areas under the curve (AUROC). 
The quality-of-fit of models was assessed using r2 and AIC (Akaike 
Information Criterion) [27]. Specificity, sensitivity, and predictive 
values were obtained for the logistic regression models. In all regression 
models, we used LARS (Least Angle Regression) using the lasso option, 
to select the variables. We considered a p value <0.05 as significant, 
adjusted using the Bonferroni correction for simultaneous inference.

Results 
A total of 17,215 women were booked during the study period 

and 13,662 women underwent first trimester combined screening 
for trisomy 21. A total of 492 singleton pregnancies were identified 
with PAPP-A levels ≤0.4MoM. We excluded 19 women who had 
spontaneous miscarriage before 14 weeks of gestation, 7 pregnancies 
that were terminated (4 for Trisomy 21, 2 for trisomy 18, and one for 
preterm rupture of membranes at 20 weeks) and 32 women delivered 
elsewhere and were considered lost to follow up. We did not impute 
16 women who had missing data considering the excess of imputation 
required. The data from the remaining 418 women with low PAPP-A 
were analysed. The data is available in an anonymised form and is 
stored in an encrypted excel spreadsheet with the authors. 

Tables S1 and S2 summarises the characteristics and outcomes 
of the study group are available online as supporting information. 
94 (22.4%) babies were born SGA (<10th centile) amongst which 59 
(14.1%) were <5th centile. There were 54 (12.9%) preterm births (GA 
<37 weeks) of which 16 (3.8%) were early preterm births (GA <34 
weeks). Multiple linear regression models and logistic regression 
models for birth weight and GA at delivery were drawn (Tables 1 and 
2). In linear regression models, PAPP-A was found to be a significant 
predictive factor for birth weight (p=0.01), and GA at delivery (p=0.02). 
The logistic regression model of SGA <10th centile and early preterm 
births (<34 weeks) demonstrated statistically significant association 
with PAPP-A at p= 0.041 and p=0.05 respectively.

Sensitivity, specificity, predictive values and area under the curve 
(AUC) of the logistic regression models are shown in Table 3. Figures 
1a and 1b portray the estimated probability due to the fitted model. 
Figure 1a reflects the probability of SGA in terms of PAPP-A and 
GA at birth applied to each data point. Figure 1b illustrates how the 
probability changes for all values of PAPP-A and GA at birth. Figure S1 
in supporting information shows the ROC and area under the curve for 
PAPP-A MoMs with early preterm birth and SGA <10th centile.

http://www.astraia.com
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Discussion
Main findings

In this study, we have demonstrated that low maternal circulating 
concentration of PAPP-A at 11–14 weeks of gestation significantly 
predicts adverse perinatal outcomes for SGA and preterm birth. We 
have considered the evidence available on the effect of PAPP-A on each 
of our primary outcomes. 

In the multiple linear regression model for birth weight, PAPP-A 
was a highly significant predictive factor at p=0.01 after adjusting for 
confounding factors namely, GA at delivery, gestational diabetes, 
ethnicity, pre-eclampsia, parity and smoking status (Table 1). For our 

data, in which PAPP-A was less than 0.4MoM, it was found that for 
each 0.1 MoM reduction in PAPP-A, the expected decrease in birth 
weight was 78 gm. The adjusted r2  for this model was 60%. 

Multivariate logistic regression model demonstrate that PAPP-A 
is associated with high probability (p=0.04) of SGA <10th centile 
(Table 1). Review of the literature on the effects of PAPP-A on SGA 
and preterm birth is more conflicting. Some early studies did not 
demonstrate significant association of PAPP-A with SGA [28,29] or 
preterm birth [29-32] whereas others showed strong association with 
SGA but not preterm birth [30-32]. However, more recently, larger 
studies have shown a significant association between PAPPA-A and 
SGA [17,33-36], preterm birth <37 weeks [17,34,36-39] and early 
preterm birth <34 weeks [33,34,37-40]. However, this association does 
not translate to prediction. On the contrary, in some studies PAPP-A 
has been shown to be a poor predictive factor for SGA. In the FASTER 
trial, PAPP-A had a positive predictive value of only 18.7% with a 
sensitivity of 10.4% and a negative predictive value of 91.3% for small 
for gestational age (<10th percentile) [17]. Pihl et al. [41] inferred that 
it is possible to detect fetuses being SGA at delivery with a Detection 
Rate (DR) of only 39% for a False Positive Rate (FPR) of 10% using 
the combination of PAPP-A with other biochemical markers such as 
βhCG and ADAM12. 

The dependence of GA at delivery on PAPP-A levels was statistically 
significant (p=0.026) in a linear model (Table 2) after adjusting 
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Figure 1a. is a bubble plot of probability of SGA (<10th centile) on PAPP-A level(MoM). 
The bigger the bubble, greater is the probability of SGA. As PAPP-A levels drop, the 
probability of SGA increases.
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Figure 1b. is a contour plot of probability of SGA on PAPP-A level (MoM)and gestational 
age at delivery (in days). 

Multiple linear regression model for birth weight 
Variables
(Intercept)

Standard Error
346.70

t-value
-14.23

p-value
<2e-16**

PAPP-A 305.24 2.55 0.01*
GA at delivery 8.91 22.21 <2e-16***

Gestational Diabetes 64.06 2.30 0.02
Parity 43.59 4.11 4.7e-05

Ethnicity 43.33 -3.78 0.0001
Adjusted r2=60%

Logistic regression model for birth weight <10th centile
Variables
(Intercept)

Standard Error
1.93

t-value
3.63

p-value
0.00027

PAPP-A 1.72 -2.04 0.041*
GA at delivery 0.007 -3.66 0.0002**

Parity 0.24 -1.66 0.09
Smoking 0.32 1.66 0.96

Null deviance: 444.60 on 417 degrees of freedom, AIC: 427.18

Table 1. Models for birth weight

*PAPP-A is significantly associated with birth weight. ***Gestational age at delivery is 
highly significant in this model.

Multiple linear regression model for GA at delivery 
Variables
(Intercept)

Standard Error
0.55

t-value
67.66

p-value
<2e-16**

PAPP-A 1.68 2.22 0.02*
Mode of conception 0.53 -2.55 0.01
Gestational Diabetes 0.35 -2.45 0.01

Pre-eclampsia 0.32 -3.32 0.0009
Adjusted r2=6.12%

Logistic regression model for GA at delivery <34 weeks
Variables
(Intercept)

Standard Error
0.96

t-value
-1.61

p-value
0.10

PAPP-A 3.16 -1.95 0.05*
Pre-eclampsia 0.56 1.87 0.06

Null deviance: 135.79 on 417 degrees of freedom, AIC: 135.48

**The model is highly significant. *PAPP-A significant in both models. Pre-eclampsia, 
maternal diabetes and mode of conception also influence GA at delivery.

Table 2. Models for Gestational age (GA) at delivery
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the combination of two clinical characteristics and four biochemical 
markers (sFlt-1, PlGF, PAPP-A and inhibin A) could not out-perform 
a logistic model using two clinical characteristics alone, namely pre-
pregnancy BMI and MAP at first prenatal visit. Recently, Wright et al. 
[51] reported the detection rate of preterm pre-eclampsia marginally 
improved from 45% with maternal characteristics to 51% with PAPP-A. 
Current evidence indicates that PAPP-A as a one-time single marker 
test for prediction of pre-eclampsia has limited value [43].

We consider the strengths in our study to include that all women had 
pregnancy dated accurately in the 1st trimester, calculated consistently 
by CRL between 11 and 13+6 weeks. Secondly, the levels of serum 
markers did not influence clinical management. Our population was 
of multi-ethnic origin and this enables generalisation of findings. We 
used a robust statistical approach to design a linear regression model 
to determine the association of PAPP-A with the primary outcome 
measures, after adjusting for important covariates such as smoking 
status, maternal age that could be influential. Our study results are in 
close agreement with the observations made by several other studies, 
and in addition to this, it also provides an estimate of the effect size of 
PAPP-A level on birth weight and gestational age at delivery. To our 
knowledge this is the first study to measure the quantitative effect of 
PAPP-A on birth weight and GA at delivery.

Limitations
The study is not without limitations, including the small sample size 

and small range of PAPP-A values of ≤ 0.4MoM has limited our ability 
to detect its full range of effects, and that the number of pregnancies 
that developed pre-eclampsia were small. 

Conclusion
The association of PAPP-A levels ≤0.4MoM with SGA and 

early preterm birth is statistically significant. However, a significant 
association with pre-eclampsia was not identified. The likelihood of an 
adverse outcome increases as the PAPP-A level decreases, but it is not 
sufficiently predictive to be used clinically on its own.

Given the inter-dependence of PAPP-A, GA at delivery and birth 
weight, perhaps future research methodology should include structural 
equation models of these variables, which may give a more realistic 
approximation to the process.
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for gestational diabetes, pre-eclampsia, and mode of conception. 
Maternal age and smoking status were not statistically significant and 
were removed from this model. Although the model was statistically 
significant, the adjusted r2 was 6.12%. For every fall in PAPP-A by 0.1 
MoM, the GA at delivery decreases by 5.3 days. However, when the 
same model was adjusted for birth weight, the significance of the effect 
of PAPP-A on gestational age at birth dropped to p=0.9, although the 
model was highly statistically significant with an adjusted r2  was 59%. 
We infer that, given that PAPP-A has significant effect on birth weight, 
there is interplay of relationships between PAPP-A, birth weight and 
GA at delivery. All three factors are strongly interlinked, and it is not 
possible to draw meaningful conclusions upon adjusting effects on 
each other. 

We then constructed a multivariate logistic regression model 
dichotomised for preterm births <34 and <37 weeks. We found that the 
effect of PAPP-A was significant (p=0.05) for preterm births <34 weeks 
but not <37 weeks. Hence it appears that low PAPP-A is associated 
with early preterm birth. The logistic regression model for preterm 
births <34 weeks on PAPP-A, pre-eclampsia and mode of conception is 
demonstrated in Table 2. There is conflicting evidence on the predictive 
value of PAPP-A on preterm delivery depending on the models used in 
the studies. For example, Beta et al. [40] observed that for prediction 
of spontaneous early preterm delivery, the detection rate achieved by 
maternal characteristics and obstetric history was not significantly 
improved by addition of PAPP-A MoM. Stout et al. [38] stated that 
for early preterm birth, in prediction models using placental protein 
13 (PP-13), mean uterine artery PI (UtA-PI), maternal characteristics 
either alone or in combination, inclusion of PAPP-A only slightly 
improved the predictive utility of the models. Other earlier studies 
of PAPP-A and preterm delivery have found relatively low predictive 
values for this measure [17,42,43]. 

We also examined the effects of low levels of PAPP-A in the 
development of pre-eclampsia in our study population by creating a 
logistic regression model using parity, BMI, extremes of maternal age, 
mode of conception, ethnicity (i.e. age <20 and >40 years). PAPP-A was 
not statistically significant in the model but raised BMI and nulliparity 
were highly significant. 

Ong et al. [30] in 2000 demonstrated low maternal serum PAPP-A 
at 10-14 weeks of gestation in pregnancy-induced hypertension. 
In subsequent studies, combinations of biochemical markers and 
sonographic markers along with PAPP-A have been studied. Although 
some studies have suggested an association between PAPP-A and the 
subsequent risk of pre-eclampsia [18,32,43-46], Scazzochio et al.[47] 
found the association of PAPP-A with pre-eclampsia to be weak and 
became non-significant when combined with free-HCG at 8-12 weeks, 
blood pressure and UtA-PI at 11.0-13.6 weeks. Additionally, Poon et al. 
[48] reported that PAPP-A did not contribute much to the prediction 
of late pre-eclampsia, even when combined with maternal factors, 
uterine artery PI and mean arterial pressure (MAP) [48]. Foidart et al. 
[49] showed that PAPP-A levels significantly dropped in early not late 
pre-eclampsia. Despite this, the detection rate of early pre-eclampsia 
did not improve with the addition of PAPP-A to UtA-PI and sEng 
(soluble endoglin) to the analysis. Giguere et al. [50] observed that 

Sensitivity Specificity
Positive 

predictive 
value

Negative 
predictive 

value
AUC

Preterm birth <34 weeks 3.7% 99.7% 66% 87.4% 0.58
Birth weight <10th centile 10% 99.4% 83.3% 79.3% 0.59

Table 3. Prediction of pregnancy outcomes by low PAPP-A
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