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ABSTRACT

Background: The aim of our study was to determine the association of low levels of pregnancy associated plasma
protein-A (PAPP-A) levels estimated at 11-13+6 weeks of gestation with fetal growth restriction (FGR).

Methods: A prospective observational study of a total of 203 pregnant women with PAPP-A levels were followed up
and the outcome data were collected at childbirth.

Results: The incidence of FGR was 7.3%. A significant association was found between low levels of PAPP-A MoM
(<0.49) with FGR (p=0.000) with unadjusted odds ratio of 11.6. At PAPP-A multiples of median (MoM) <0.49, FGR had
a median (Q1, Q3) of 0.46 (0.42, 1.54) versus 1.87 (0.59, 3.11) which was statistically significant (p=0.05) with
moderate strength of prediction [minus 0.58 (95% CI, minus 1.113, minus 0.055), p=0.03]. At the cut-off considered in
our study i.e., <0.49 MoM, sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
were 73%, 81%, 23%, and 97% respectively with a positive LR of 3.82 and negative LR of 0.32. Karl Pearson’s
correlation showed positive correlation (r=0.308, p<0.001) between PAPP-A MoM and birthweight and showed that
for every unit increase in PAPP-A MoM, birthweight increased by 0.082 times (approximately 90 gm). We also found
an association of low PAPP-A with pre-eclampsia, preterm delivery and increased caesarean delivery births.
Conclusions: We conclude that low PAPP-A MoM levels are good reflectors of placental function and adverse
outcomes. PAPP-A, a part of the dual marker, may be extrapolated for suspecting FGR. This could guide in instituting
appropriate feto-maternal surveillance.
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INTRODUCTION

The female physiology undergoes miraculous
transformations to make everything as conducive as
needed for the growing fetus. FGR, a relatively newer
terminology that refers to intrauterine growth restriction,
is defined as a failure (of a fetus) to achieve the endorsed
growth potential. This restriction is associated with (signs
of) abnormal feto-placental function and poorer perinatal
outcome.! Institutions/obstetric practitioners mostly rely
on the cut-offs of various ultrasonographic parameters for
designating a fetus as one with FGR. However, a

consensus regarding terminology, etiology, and diagnostic
criteria for FGR remains to be fully understood.?

Detection and accurate prediction of FGR remains to be a
challenging task. Various methods are used for antenatal
recognition of FGR. Used individually or in conjunction,
depending on the resource-setting, these may be-(a)
clinical examination, (b) ultrasonography, (c) birth weight
charts and/or (d) serum biomarkers

Pregnancy-associated plasma protein-A’ (PAPP-A) is a
product of the multinucleated syncytiotrophoblasts of the
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placenta. PAPP-A acts locally to enhance the
bioavailability of insulin-like growth factor (IGF) by
cleaving the inhibitors, IGF-binding protein-4 and -5.3°
Which causes a significant decrease in its affinity for IGF
molecules. IGF, known to be anti-apoptotic and mitogenic,
is important for the growth of almost all types of
cells/tissue.’” IGF also has a pivotal role in placental
development and spiral artery remodeling is linked to its
stimulation of cytotrophoblast proliferation and migration
of extra villous trophoblast in the first trimester.® PAPP-A
with beta human chorionic gonadotropin, as dual marker,
is presently a well-established down syndrome marker and
is recommended for screening programs of chromosomal
abnormalities. Systemic reviews and meta-analyses,
although limited in number, have concluded that low
maternal serum PAPP-A in the first trimester has an
association with adverse pregnancy outcome(s) and
particularly so if the levels are very low.*® Preventive
and/or early diagnosis may thus lead to greater
surveillance and help in minimizing the impact of adverse
outcomes. This is of particular importance to resource
limited demography such as ours in India.

PAPP-A as an early marker of FGR is not yet established
in practice due to insufficient evidence. We studied PAPP-
A in this regard on a Central Indian population.

METHODS

This prospective observational study was carried out in the
department of obstetrics and gynecology, All India
institute of medical sciences, Raipur, Chhattisgarh, India,
after obtaining clearance from the institute ethics
committee. The aim of our study was to determine the
association of low levels of maternal serum pregnancy
associated plasma protein-A (PAPP-A) levels estimated at
11-13+6 weeks of gestation with FGR.

All women with singleton pregnancy who underwent first-
trimester screening between 11-13+6 weeks were
identified and evaluated as per standard antenatal
evaluation protocol of the Institute. Inclusion criteria were
all women attending antenatal clinic with singleton
pregnancy, having PAPP-A report done between 11 and
13+6 weeks of gestation and willing to participate in the
study. We excluded those pregnant women with multiple
pregnancy, congenital anomalies, known chronic diseases
like diabetes mellitus, thyroid dysfunction, chronic
hypertension, collagen vascular diseases, liver and renal
disorders. Those women who satisfied the study criteria
were recruited and followed up in the antenatal clinic. At
recruitment, demographic details, and exact gestational
age, determined by crown-rump length, were recorded. At
each visit, detailed history-taking and clinical examination
were performed and the reports of investigations relevant
to that particular gestational age were noted.
Ultrasonographic findings of dating scan, early anomaly
scan (11 to 13+6 weeks), targeted imaging for fetal
anomalies (at 18 to 22 weeks) and third trimester growth
scans with doppler studies were noted. Additional
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investigations and adversities, if any, were recorded. At
delivery, gestational age at birth, mode of delivery, the sex
of the newborn and birthweight, and neonatal intensive
care unit admission if at all, were noted.

The primary outcome variable, FGR, was defined as per
the Delphi consensus criteria. PAPP-A MoM<0.49 was
considered as cut-off in our study.

Data was compiled on the Microsoft excel version 15.0.
Descriptive and categorical data were analyzed using IBM
SPSS statistical software version 23.0. Tests of normality
namely, Kolmogorov-Smirnov and Shapiro-Wilk tests,
were performed to assess normality of distribution.
Qualitative data were analyzed by Chi-square and Fisher
exact tests and Categorical data were analyzed by Mann-
Whitney U test. Odds ratio was applied to obtain the
strength of association. Simple logistic regression
estimates of PAPP-A in predicting FGR was obtained.
Receiver operator characteristics (ROC) was used for
analysis of the area under the curve (AUC) for PAPP-A.
Karl Pearson’s correlation for PAPP-A MoM with
birthweight was applied. Simple linear regression equation
for prediction of birthweight from PAPP-A was obtained.
P=0.05 was considered significant.

RESULTS
The data of 203 antenatal women were analyzed. The

initial recruitment and the final enrolment of subjects is
shown in the STROBE diagram (Figure 1).

RECRUITMENT [ ASSESSMENT FOR ELIGIBILTY, (n=226)

EXCLUDED, (n=15)
Chronic hypertension- 5
Diabetes mellitus- 4

Fetal anomaly- 4

Multiple endocrinopathies- 1
Nephrotic syndrome- 1

DATA COLLECTION  |NCLUDED IN THE STUDY, (n=211)

FOLLOW-UP

LOST TO FOLLOW-UP, (n=4)

DATA ANALYSIS EXCLUDED FROM ANALYSIS (n=4*)

[*4 ABORTIONS]

[ FOLLOW-UP AND BIRTH OUTCOME RECORDED

FINAL ANALYSIS (n=203) ]

Figure 1: STROBE diagram of study subject
inclusions and exclusions with reasons.

Incidence of FGR was 7.3%. The mean maternal age in our
study was 24.8+3.61 years. The maximum number of
women i.e., 120 (59.11%) were urban residents and 83
(40.89%) women were rural residents. The 54.2% of
women were primigravida. Although the mean BMI was
24.12+3.13 kg/m?, max. no. of women i.e., 68 (33.5%)
belonged to obese category (as determined by WHO
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classification of BMI for South Asians/Indians) which was
a surprising observation. In study, 7 (3.45%) women had
conceived by assisted reproductive techniques. The
incidence of FGR was found to be higher in urban
residents [OR-2.5 (95% CI, 1.11-5.63), p=0.023] and in-
vitro fertilization/ intra-uterine insemination (IVF/IUI)
conceptions [OR-6.58 (95% Cl, 1.40-30.81), p=0.007].

PAPP-A levels were not found to be significantly different
in women belonging to different age groups, literacy
status, socio-economic status, residential status, gravidity
or different BMI groups. None of the women in the study
was a smoker. Therefore, it may be inferred that these
factors have had no confounding effect on PAPP-A values
in predicting FGR. 29.5% women were delivered by
Caesarean section. In the study, out of 203 births, 106
(52.21%) were female babies and 97 (47.78%) were male
babies. 25% of neonates that needed NICU admission
were born to women with PAPP-A MoM>0.49. Figure 2
shows the distribution of FGR and PAPP-A.
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Figure 2: Distribution of FGR and PAPP-A among
study subjects.

We found a significant association between low levels of
PAPP-A MoM with FGR (p=0.000) with unadjusted OR
11.6 (95% CI 3.494, 38.576). At PAPP-A MoM<0.49,
FGR had a median (Q1, Q3) of 0.46 (0.42, 1.54) vs 1.87
(0.59, 3.11) which was statistically significant (p=0.05)
and showed moderate strength of prediction [-0.58 (95%
Cl 1.113, 0.055), p=0.03].

Area under the ROC curve (Figure 3) showed an optimal
cut-off of 0.52 for prediction of FGR of PAPP-A MoM,
with 80.9% sensitivity and 73.3% specificity. At the cut-
off considered in our study i.e., 0.49 MoM, sensitivity,
specificity, PPV and NPV were 73%, 81%, 23%, and 97%
respectively with a positive LR of 3.82 and negative LR of
0.32.

Karl Pearson’s correlation (Figure 4) showed positive
correlation (r=0.308, p<0.001) between PAPP-A MoM
and birthweight and showed that for every unit increase in
PAPP-A MoM, birthweight increased by 0.082 times
(approx. 90 gm).
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Figure 3: Area under the ROC curve.
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Figure 4: Scatter plot of Karl Pearson’s correlation
between PAPP-A MoM and birthweight.

In addition, we made the observations-low levels of PAPP-
A were found to be significantly associated with pre-
eclampsia [incidence-11.33%, OR 4.72 (95% CI 1.453,
15.342), p=0.016F] oligohydramnios [incidence-10.83%,
OR-5.02 (95% CI 1.539, 16.426), p=0.01] preterm
deliveries [incidence-5.9%, OR-8.18 (95% CIl 2.130,
31.428), p=0.006], caesarean deliveries [incidence-
29.5%, OR-5.52 (95% CI 1.7988, 16.938), p=0.002] and
NICU admissions [incidence-7.8%, OR-11.86 (95% ClI
3.525, 39.928), p=0.0002].

DISCUSSION

FGR is known to cause several feto-maternal adverse
consequences.! We decided to use a cut-off 0f<0.49 to
define low PAPP-A, conforming to consensus as per
literature. Although a value less than 0.5 MOM is
considered low, there exists no set definition as to what
value defines low PAPP-A MoM. Different authors have
used different cut-offs in their studies (Table 1), but the
outcome findings suggest a similar trend."-2°
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Table 1: Summary of studies of FGR and PAPP-A.

Authors Participant Incidence of PAPP-A, MoM  Sensitivity PPV (%) OR/RR
numbers cut-off

Present study 203 7.3 0.5 73 23 11.6

Inan et al'’ 162 8.6 0.64 71.43 17.2

Gupta et al*® 130 21.54 7.83

Sovio et al*® 1891 0.74 6.59

Yaron et al® 1622 3 0.25,0.5 3.12,3.30

FGR-Fetal growth restriction, MoM-Multiples of median, OR-Odds ratio, PAPP A- pregnancy associated plasma protein-A, PPV-Positive

predictive value, RR-Relative risk.

The incidence of FGR in our study was 7.3%. Inan et al
found the FGR incidence of 8.6% in their study of 162
women.'” A case control study of 264 women by Lavanya
et al conducted in India, found an incidence of 6.8%.%°
Studies show that the incidence of FGR is significant
amongst different population settings.t’:18:20

We found a significant association between low levels of
PAPP-A MoM with FGR. (p=0.000) with unadjusted OR
11.6 (95% ClI, 3.494-38.576). At PAPP-A MoM <0.49,
FGR had a median (Q1, Q3) of 0.46 (0.42, 1.54) vs 1.87
(0.59, 3.11) which was statistically significant (p=0.05)
and showed moderate strength of prediction [-0.58 (95%
Cl, -1.113, -0.055), p=0.03]. Lavanya et al found an
association of low PAPP-A (<0.5 MoM) with FGR [OR
33.46 (5.9-189.4)] while Gupta et al found an association
with FGR [OR 7.837 (2.485-24.711) p<0.0001].1822

At the cut-off considered in our study i.e., 0.49 MoM,
sensitivity specificity, PPV and NPV were 73%, 81%,
23%, and 97% respectively with a positive LR of 3.82 and
negative LR of 0.32.

In their study, at a PAPP-A MoM cut-off of 0.64, Inan et
al found that the sensitivity and PPV were respectively
71.43% and 17.2%.'7 Studies found in literature have
demonstrated reliably high sensitivity.

The most interesting observation of our study is of increase
in birthweight by approximately 90 gm per unit increase in
PAPP-A MoM levels. Peterson et al in their retrospective
cohort of 1391 women found an increase in birthweight by
119 gm for every 1 unit increase of PAPP-A MoM.?
Summary of a few studies on FGR and PAPP-A (Table 1).

Limitations
The study is limited by small sample size but prospective
study design and demonstration of predictive ability of

PAPP-A are the strengths of our study.

The increasing birthweight per unit increase in PAPP-A
MoM is a highlight.

CONCLUSION

FGR has drawn significant attention of health care
providers and researchers, as there exists a possibility of
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reversing or blunting its consequences, especially when
detected in early gestation. Incorporation of new analytes,
such as PAPP-A, into health-care investigations demands
allocation of funds which is a challenge in resource-limited
set ups. However, cost effectiveness equations must be
weighed against purported benefits of reduced morbidity/
mortality, that PAPP-A demonstrates in our study.

The following conclusions are drawn from our study. Low
PAPP-A MoM levels are associated with FGR. At the cut-
off of 0.49, MoM we found 73% sensitivity, 81%
specificity, 23% PPV and 97% NPV; and with every unit
increase in PAPP-A MoM, birth weight is seen to be
increased by about 90 gm.

It can be concluded that low PAPP-A MoM levels are good
reflectors of placental function and may serve as good
early predictor of fetal growth restriction.
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