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Abstract

Threatened miscarriage is a common complication of pregnancy. Despite initial viability confi rmation 
by ultrasound scan, some of these patients had further spontaneous abortion. A highly sensitive and 
specifi c biomarker would be useful to determine the outcome of pregnancy and to prevent emotional 
impact to these women. A prospective 14-month cohort study was conducted in the Obstetrics and 
Gynaecology Department of Universiti Kebangsaan Malaysia Medical Centre to determine whether 
low serum levels of pregnancy-associated plasma protein A (PAPP-A) measured in early pregnancy 
can predict the outcome of threatened abortion.   42 pregnant women between 6 to 22 weeks of 
gestation with threatened abortion and 40 controls were enrolled.  Serum samples were collected 
at presentation and PAPP-A was assayed by electrochemiluminescent immunoassay technique. 
Pregnancies were followed-up until 22 weeks of gestations and the outcome documented.  Nine 
patients (11%) developed spontaneous abortion and 73 patients (89%) had successful pregnancy.  
The median PAPP-A level was signifi cantly lower in patients with spontaneous abortion compared to 
those who had successful pregnancies in the threatened abortion group: 0.78 MoM (0.41-1.00 MoM) 
vs 1.00 MoM (1.00-2.0 MoM) respectively (p<0.05). The best sensitivity of 44% and specifi city 
of 93% were obtained at the cut of value of 0.66 MoM (95% CI, 0.561-0.773).  In conclusion, low 
PAPP-A value in threatened abortion women is associated with pregnancy failure, although the use 
of PAPP-A as a one-time single marker has limited value. 
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ORIGINAL ARTICLE

INTRODUCTION

Threatened abortion is the most common 
complication of pregnancy and 15-20% end up 
with spontaneous abortion.1  Although  abortion 
is not generally associated with serious morbidity 
or mortality, very frequently it may cause 
profound emotional disturbance and signifi cant 
psychological impact on these women. The 
physician has an important role in making an 
accurate diagnosis of pregnancy and to avoid 
giving false assurance. Ultrasound scanning is 
probably the best single diagnostic test available,  
however, more than 30% of these women 
progress to spontaneous abortion2 regardless of 
viability confi rmation initially by ultrasound scan.  
Therefore,  a biomarker with good sensitivity and 

specifi city to successfully predict the outcome of 
pregnancy is of value. 
 Many studies have examined biochemical 
markers such as serum human chorionic 
gonadotrophin (hCG), progesterone, activin A 
and inhibin A to predict the outcome of threatened 
abortion.3-5  However, there were discrepancies in 
cut-off values, sensitivity and specifi city among 
these studies.  Recent studies have focused on 
pregnancy associated plasma protein A (PAPP-A) 
as a predictive marker of adverse pregnancy 
outcome including abortion.6-8

 Pregnancy-associated plasma protein A 
(PAPP-A) is a protease for insulin-like growth 
factor binding protein-4 (IGFBP-4).9  Low levels 
of PAPP-A are associated with increased IGFBP 
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and, consequently, low level of IGF which plays 
a key role in regulating trophoblast invasion 
of the decidua and thus fetal growth.10   Many 
studies have shown that abnormal serum level 
of PAPP-A may be a sign of abnormal function 
of the placenta that may manifest in placental-
related complications such as spontaneous 
abortion.11-12

 The concentration of PAPP-A in maternal 
blood is infl uenced by gestational age at the time 
of blood sampling.13  For chromosomal testing, 
for instance, sampling between 9 to 14 weeks 
of gestation resulted in best detection rates.14,15  

Since many of previous studies examining the 
relationship between PAPP-A levels and adverse 
outcome have obtained PAPP-A values from 
screening tests for chromosomal abnormalities, 
PAPP-A values were mostly available between 
9 to 14 weeks of gestation.  Our present study 
was designed to look at the earlier gestational 
age of 6 to 22 weeks. We did not include patients 
below six weeks of gestation because at the 
earlier gestational age of less than fi ve weeks, 
the serum PAPP-A levels is not suffi cient to 
differentiate between normal pregnancies with 
those that developed adverse outcome.13 
 The aim of study was to determine whether 
a low level of serum PAPP-A measured in 
threatened abortion pregnant women was 
associated with pregnancy failure. 

MATERIALS AND METHODS

A prospective cohort study was conducted at 
the Antenatal Clinic, Patient Admission Centre 
(PAC) for Obstetrics and Gynaecology of 
Universiti Kebangsaan Malaysia Medical Centre 
(UKMMC) from August 2010 to October 2011.  
Pregnant women between 6 to 22 weeks of 
gestation, who presented with vaginal bleeding, 
with or without abdominal pain, and with no 
cervical dilatation were included in this study. 
The diagnosis of threatened miscarriage was 
established by presence of clinical symptoms 
and ultrasound demonstrated intrauterine sac 
with cardiac activity.
 Pregnant women with missed abortion 
confi rmed by ultrasound scan, those with local 
cause of per vaginal bleeding like cervical 
polyp, cervical carcinoma or local trauma, those 
confi rmed to have congenital anomalies and twin 
pregnancy and pregnant women who smoked 
were excluded from the study.  Age and gestation 
matched pregnant women were recruited as the 
control.  Pregnant women who were eligible 
for the study were recruited after full verbal 

explanation and signing the consent form.   They 
were also informed that the result of PAPP-A 
measurement in this study would not be used 
in the management of any pregnancy associated 
condition during their current pregnancy.
 Ultrasound scan was performed for all patients 
and the control group. All patients and controls 
were followed-up until 22 weeks of gestations 
to determine the outcome which was either 
spontaneous abortion or pregnancy progress 
beyond 22 weeks.   

PAPP-A measurement
Upon recruitment, 5 mls of venous blood 
were drawn and collected into plain tubes 
containing separating gel.   The blood samples 
were centrifuged and the serum separated 
and stored at -70°C until analysis.  Serum 
PAPP-A was measured on the fully automated 
Cobas e411 system (Roche Diagnostics) using 
electrochemiluminescence (ECLIA) technology. 
The Cobas e411 PAPP-A assay measured 
PAPP-A concentration from 4 to 10,000 mIU/L.  
The intra-assay coeffi cient of variation (CV) and 
inter-assay were less than 2% for all three levels 
of controls (144 mIU/ml, 3361 mIU/ml, 6630 
mIU/ml).  Measurements of serum PAPP-A were 
done in batches to minimize analytical variation.  
For each batch, 3 levels of internal control were 
performed to validate assay performance.
 The PAPP-A values in mIU/L were converted 
into MoM PAPP-A values by dividing PAPP-A 
levels in mIU/L by median PAPP-A for 
corresponding gestational age of pregnancy.13  
The values of MoM PAPP-A were expressed 
as median and ranges as the data was not 
normally distributed. Continuous variables 
were summarized by median and range while 
categorical variables were summarized using 
frequency measures.

Statistical analysis
Comparison of median values of PAPP-A 
between threatened abortion women and the 
control group,  and in the outcome of the 
threatened abortions were performed using 
Mann-Whitney U-test (non-parametric).  The 
Kruskal-Wallis test was performed to compare 
the levels of PAPP-A among different ethnic 
groups of study population.
 A receiver operator characteristic (ROC) curve 
was constructed to evaluate the PAPP-A level 
in distinguishing between the two threatened 
abortion outcomes. The predictive value of 
PAPP-A as a predictor of pregnancy failure was 
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established by the best sensitivity, specifi city and 
optimal cut-off from the ROC analysis.
 All clinical and laboratory data were stored 
and analyzed using the Statistical Package for 
Social Science (SPSS) software version 17.0.  In 
all statistical analyses, p < 0.05 (95% confi dence 
interval) was considered signifi cant.

Ethics
The study was approved by the institution 
research and ethical review boards.

RESULTS

Characteristics of study population
A total of 82 pregnant women were enrolled in 
this study; 42 patients were those with threatened 
abortion and 40 were normal pregnant women 
(Table 1).  The majority of women recruited 
were Malays; 68 (83.0%) followed by Indian; 
9 (11.0%), Chinese; 3 (3.70%) and others 2 

(2.4%).  
 The median and range of PAPP-A levels 
of each ethnic group of the  study population 
are shown in Table 2. There was no signifi cant 
difference of PAPP-A level between different 
ethnicities (Kruskal-Wallis test, p=0.43).
 The median maternal ages for the threatened 
abortion and control groups were 29 years (26-31)
and 28 years (26-31) respectively. There were no 
signifi cant differences in maternal ages between 
the two groups.  The median gravidity was 2 
(range 1-4) in threatened abortion group and 2 
(range 1-3) in control group while the median 
parity of both groups were Para 1 (range 0-2).  
There were no signifi cant differences in terms of 
gravidity and parity in these two groups. 
 The median gestational age of threatened 
abortion patients was 14 weeks (range: 8-16 
weeks), and for the control group the median 
was 16 weeks (range: 9-21 weeks). Statistically, 

TABLE 1: Demographic profi le of the study population (n=82)

  Threatened abortion Control group p value
   (n=42) (n=40) 

Race
 Malay 33  (78.6) 35 (87.5)
 Indian 7  (16.7) 2 (5.0)
 Chinese  - 3 (7.5)
 Others 2   (4.8) 
Maternal age (years) 29 (26 – 31) 28 (26 – 31) 0.96
(median)  
Gravidity (median) 2 (1 – 4) 2 (1-3) 0.36 
Parity (median) 1 (0 – 2) 1 (0 – 2) 0.35 
Gestational age (weeks) 14 (8 -16) 16 (9 -21) 0.01*
(median)

Values are expressed as median (range) or number (%)
* By Mann-Whitney test, statistical signifi cance at p<0.05

TABLE 2:  Level of PAPP-A in different ethnic groups 

 Race Number Median Range P

MoM PAPP-A Malay 68 (82.9%) 1.00 1.00-2.00 0.43  
 Chinese 3 (3.7%) 1.00 1.00-2.00   
 Indian 9  (11.0%) 1.00 0.80-1.00 
 Others 2 ( 2.4%) 1.00 1.00-1.00 

 Total 82 (100%)   
     
*By Kruskal-Wallis test, statistical signifi cance at p<0.05
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threatened abortion patients exclusively, the 
PAPP-A levels of those with pregnancy failure 
were signifi cantly lower compared to those who 
had successful pregnancies.  The median value 
of pregnancy-failure and pregnanc- progressed 
patients were 0.78 (0.41-1.00 MoM) and 1.00 
(1.00-2.00 MoM) respectively (p < 0.05) (Figure 2).
 To differentiate women who had pregnancy 
failure from those who had progressed pregnancy, 
ROC curve was constructed based on 42 patients 
with threatened abortion and showed area under 
the curve of 0.674 (95% CI, 0.561-0.773) with 
optimized cut-off value of 0.66 (Figure 3). This 
cut off value gave 44% sensitivity, specifi city of 
93%, positive predictive value (PPV) of 80% 
and negative predictive value (NPV) of 86%.  

DISCUSSION

This study has evaluated the use of a single 
measurement of serum PAPP-A as a predictor 
of pregnancy failure among threatened abortion 
women.  We found that, among those with 
threatened abortion, the level of PAPP-A was 
signifi cantly low in patients who had spontaneous 

there were signifi cant differences in gestational 
ages between both groups (Mann-Whitney test, 
p = 0.01).  Nine from 42 patients with threatened 
abortion had pregnancy failure while the other 
33 patients and all patients in control group had 
successful pregnancies that progress beyond 22 
weeks of gestations.

Pregnancy-associated plasma protein levels
The median and range of PAPP-A levels in 
threatened abortion and control groups were 
1.00 MoM (1.00-2.00) and 1.00 MoM (1.00-
1.57) respectively.  There was no signifi cant 
difference in PAPP-A levels between the two 
groups (p = 0.83). The median MoM PAPP-A 
in pregnancies that progressed in both groups 
was 1.00 (ranged: 1.00 - 1.90 MoM) while in 
spontaneous abortion patients, the median was 
0.83 MoM (ranged: 0.41-1.5 MoM).  Although 
the median level of serum PAPP-A in patients 
with pregnancy failure was lower compared to 
the PAPP-A levels in pregnancies that progressed,  
this failed to reach statistical signifi cance (p = 
0.68) (Figure 1).
 When we examined the PAPP-A levels in 

FIG. 1: Box plots showing median levels of PAPP-A in MoM in outcome of pregnancy. Boxes show interquatile 
ranges and I bars represent highest and lowest value

Spontaneous abortion <22 weeks
(n=9)

Successful pregnancy
(n=73)

Median 1.00 MoM

(1.00-1.90) MoM

Median 0.83 MoM

(0.41-1.50) MoM

0.0

MoM PAPP-
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FIG. 2: Box plots showing median levels of MoM PAPP-A in threatened abortion patients with outcome of 
successful pregnancy as compared to those who had spontaneous abortion. The MoM values in brackets 
represent 25-75 percentile of the PAPP-A level in each group. Boxes show interquartile ranges and I bars 
represent highest and lowest value.

MoM PAPP-

Spontaneous abortion
(n=9)

Successful pregnancy
(n=33)

Median 1.00 

MoM

(1.00-2.00 MoM)

Median 0.78 MoM

(0.41-1.00) MoM

0.0

FIG. 3: Receiver operator characteristic (ROC) curve of MoM PAPP-A for the determination of 
outcome of pregnancy among the threatened abortion patients.
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abortion compared to those who had successful 
pregnancies.  This result concurred with the 
results of other investigators.6-8 However, when 
we compared the threatened abortion patients and 
the control group, the levels of PAPP-A in these 
two group was not signifi cantly different.
 Our study suggests that women with 
threatened abortion who have a low PAPP-A 
levels early in their pregnancy,  have a higher 
risk of pregnancy failure.  This result supports 
the notion that low levels of PAPP-A may be an 
early marker of abnormal implantation or other 
trophoblast dysfunction that leads to abortion.
 Although our fi ndings are similar to previous 
studies,6-8,13  we found that a cut-off value in our 
study was different.  While most other researchers 
used the cut-off value of between 0.25 to 0.5 
MoM, 6-8,13 we found a higher cut-off value of 
0.66 MoM with the best combined sensitivity 
and specifi city of 44% and 93% respectively. 
Patrick et al. 7 suggest a PAPP-A cut-off of 0.30 
MoM with a sensitivity of 64.5% and specifi city 
of 99%, while Evin et al. 6 suggested a cut-off 
value of 0.45 MoM with a sensitivity of 51.8% 
and specifi city of 86.2%.
 The difference in cut-off values could 
be attributed by many factors like different 
methodologies in PAPP-A measurement.  Most 
recent studies used automated immunoassay 
platform.   Our study used ECLIA technology, 
which has good accuracy and precision. The 
unresolved issue of standardization of this assay 
may also contribute to the differences in the 
cut-off value used. 
 The defi nition of “low” PAPP-A varies among 
studies and infl uences both the statistical and 
clinical signifi cance of results.   Low level has 
been defi ned as a range or cut-offs value including 
in percentiles or arbitrary of MoM ranging from 
<0.25 to <50 MoM.  It is conventional in prenatal 
medicine to report maternal screen markers as 
gestational age-adjusted multiples of median 
(MoM). Our study reported the PAPP-A value in 
MoM. To convert to MoM value, it was required 
to divide the PAPP-A level in mIU/L to median 
PAPP-A of corresponding gestational age.  To 
date, there has been no data on median PAPP-A 
of corresponding gestational age established 
among normal pregnant women in the South 
East Asian region, hence we used the median 
level from a Canadian study by Anne et al 13 who 
determined the median level from 407 normal 
pregnant women with the gestational age of four 
to 20 weeks.  This could have contributed to the 
difference in cut-off values found in this study.  

Studies have shown that different ethnicity has 
different values of serum PAPP-A. Spencer 
K. et al.16 found that Afro-Carribbean women 
had signifi cantly higher PAPP-A levels of 48% 
compared to Caucasian women and Asian women 
have 35% higher PAPP-A levels compared to 
Caucasian women.   Other studies showed that 
Chinese women have a signifi cantly higher 
serum level of PAPP-A in the fi rst trimester 
compared to Caucasian.17 In our study, there is 
no signifi cant difference between PAPP-A levels 
among the different ethnic groups, which could 
be attributed to the small sample size of the study 
population.  
 This study examined the PAPP-A level at a 
wider range of gestational age. However, the 
small sample size had limit our ability to  adjust 
to possible confounding factors like nulliparity 
and to adequately access interaction. The median 
PAPP-A values for each gestational week were 
taken from populations which may have no 
similarity with our study population.
 Our population had a higher cut-off PAPP-A 
value of 0.66 MoM with the best combined 
sensitivity and specifi city of 44% and 93% 
respectively. This study also found that a low 
PAPP-A value in threatened miscarriage women 
is associated with pregnancy failure, although 
the use of PAPP-A as a one-time single marker 
has limited value.  
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