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ABSTRACT

In most of the developed countries the national prenatal screening policies for
congenital abnormalities has resulted in the reduction of the prevalence rates.
However, in most developing countries there is no national prenatal screening policy
for congenital abnormalities. This study explores the effect of prenatal screening on
the prevalence rates of live birth, fetal death, and termination of pregnancy (TOPFA)
on Trisomies and Neural tube defects in Europe. Meanwhile, the prevalence and
existing methods for prenatal screening in Malaysia are reviewed. The data used is
from the European Surveillance of Congenital Anomalies (EUROCAT) and the
Malaysian neonatal registries. The analysis of prevalence rates showed that a
prenatal screening policy can reduce the Live Birth (LB) and Fetal Death (FD)
prevalence for Trisomies by 77% and 80% respectively, while, for Neural Tube
Defects (NTD) by 36% and 38.5%, respectively. The prevalence of Trisomy 21 (T-
21) and Neural Tube Defects has increased by 72% and 32% respectively over a
period of four years in Malaysia. For this, a risk prediction model using only basic
risk factors is developed. This thesis used different supervised machine learning
techniques, i.e., logistic regression, random forests, and artificial neural networks
(ANN) for the model. Moreover, we also used k-means clustering on our training
data and used it to create a Euclidean distance based (supervised) prediction model.
The best model according to the results is logistic regression, which can predict T-21
with a sensitivity of 79.75%, specificity of 41.16% and a Balanced Classification
Rate (BCR) of 60.46. It is observed that the specificity is low at 41.16% but
sensitivity is high which means detection rate is high. The best model for NTD is
also logistic regression, which can predict neural tube defect (NTD) with a sensitivity
of 68.35%, specificity of 45.32% and a BCR of 59.84%. The risk prediction model of
congenital anomalies has a sensitivity of 80%, specificity of 45% and BCR of 63%.
The risk prediction model will help the doctors point out the high-risk woman. The
accuracy of the prediction model may be improved by adding more predictors, which

do not require expensive tests.
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ABSTRAK

Di kebanyakan negara maju, dasar pemeriksaan pranatal nasional untuk
keabnormalan kongenital telah mengakibatkan pengurangan kadar prevalensi.
Malangnya di kebanyakan negara membangun tidak ada dasar pemeriksaan pranatal
nasional untuk keabnormalan kongenital. Kajian ini menerangkan kesan pemeriksaan
pranatal terhadap kadar prevalensi kelahiran hidup, kematian janin, dan penamatan
kehamilan (TOPFA) mengenai kecacatan dan kecacatan tiub Neural di Eropah.
Sementara itu, kelaziman dan kaedah sedia ada untuk pemeriksaan pranatal di
Malaysia dikaji semula. Data yang digunakan adalah dari Pengawasan Eropah bagi
Anomali Kongenital (EUROCAT) dan pendaftaran neonatal Malaysia. Analisis
kadar prevalensi menunjukkan bahawa pemeriksaan pranatal dapat mengurangkan
kelaziman Live Birth (LB) dan kematian janin (FD) untuk Trisomies masing-masing
sebanyak 77% dan 80% manakala untuk Kecacatan Tube Neural (NTD) sebanyak
36% dan 38.5 %, masing-masing. Penyebaran Trisomy 21 (T-21) dan Kecacatan
Tabung Neural telah meningkat masing-masing sebanyak 72% dan 32% dalam
tempoh empat tahun di Malaysia. Untuk ini, model ramalan risiko yang
menggunakan hanya faktor risiko asas dibangunkan. Tesis ini menggunakan teknik
pembelajaran mesin yang diawasi yang berbeza, iaitu, regresi logistik, hutan rawak,
dan rangkaian saraf buatan (ANN) untuk model terlebut. Selain itu, kami juga
menggunakan k-means clustering pada data latihan kami dan menggunakannya untuk
membuat model prediksi jarak jauh (diselia) Euclidean. Model terbaik berdasarkan
hasilnya adalah regresi logistik, yang dapat meramalkan T-21 dengan kepekaan
79.75%, kekhususan 41.16% dan Kadar Klasifikasi Seimbang (BCR) sebanyak
60.46. Adalah diperhatikan bahawa kekhususan adalah rendah pada 41.16% tetapi
kepekaan tinggi yang bermakna kadar pengesanan adalah tinggi. Model terbaik untuk
NTD adalah juga regresi logistik, yang dapat meramalkan kecacatan tabung neural
(NTD) dengan kepekaan 68.35%, kekhususan 45.32% dan BCR 59.84%. Model
ramalan risiko anomali kongenital mempunyai kepekaan sebanyak 80%, kekhususan
45% dan BCR sebanyak 63%. Model ramalan risiko akan membantu para doktor
menunjuk wanita berisiko tinggi. Ketepatan model ramalan boleh diperbaiki dengan
menambah lebih banyak ramalan, yang tidak memerlukan ujian mahal.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Congenital anomalies are the diagnosed defects, in an infant or newborn
which are usually manifested as physical, mental disability or majorly deaths [1].
Some of the birth defects are life threatening and babies rarely survive the neonatal
period. Nowadays, with advances in medical field the prenatal diagnosis of
congenital anomalies has become more accessible and reliable using noninvasive or
invasive methods [2]. This chapter includes a discussion of the effect of prenatal
screening and diagnosis of congenital anomalies on its prevalence rate in developed
countries and the benefits and factors for not having a national screening policy in a
developing country like Malaysia. Moreover, it includes a review on different
models used around the globe for prediction of congenital anomalies in pregnant
women and why can’t those models be used in developing countries. Conclusively,
the main problem statement that drives this research has been stated with the support

of pieces of evidence from the recent research.

1.2 Study Background

Congenital anomalies contribute a significant proportion of infant mortality
and morbidity as well as fetal mortality. One of the fundamental aspects of antenatal
care is prenatal screening and diagnosis in order to detect congenital anomalies early
in gestation. Every year approximately 8 million children are born with congenital

anomalies [2]. An estimated 3.3 million of them die and approximately 3.2 million



suffer from deformities later in life [2]. Whereas, in developing countries the
congenital anomaly is not considered as a public health issue though the number of
deaths and disabilities due to anomalies is no less than infections with 5% of total

neonatal deaths in 2015 were due to congenital anomalies [3].

In most of the developed countries, prenatal screening for abnormalities is an
essential test of antenatal care [4]. These prenatal screening tests are offered to all
women even if they don’t have any risk factor [5]. Moreover these tests are offered
free of charge [5], which could be one of the reason why these tests are accepted by

people in developed countries.

Congenital defects can lead to long-term disabilities, chronic illnesses and
economic burden on parents. Factors such as genetic infections, environmental
factors, nutritional deficiencies, maternal age and socioeconomic status are among
the causes of congenital disorders [3] or it could be multifactorial. Thus medical
professionals are required to use a combination of fetal monitoring and screening
methods to plan the best possible treatment and follow up care for the mother and
baby. It is one of the major causes for deaths under 5 years of age and there was an
increase of 15% deaths from year 1994 to 2006 in children under 5 years of age [6,
7]. This may be a big trauma for parents to have a child with abnormalities after 9

months of pregnancy

In developing countries like Malaysia there is no national prenatal screening
and diagnostic policy for congenital abnormalities. Prenatal screening tests are
available in a few laboratories and private clinics/hospitals but they are highly

expensive for people to afford and are not covered by insurance.

In Malaysia pregnant women are seen by primary health care doctors and
routine antenatal care includes identification of risk factors along with basic health
and blood screening and no prenatal screening for congenital anomalies|[8].
Ultrasound is also a part of routine antenatal screening method with inconsistent

timing, for example in some centers the 20" week anomaly scan is not done [9, 10].



Although most of the congenital anomalies are incurable, monitoring,
screening, and early detection of anomalies (such as the Trisomy 21, Trisomy 18,
Trisomy 13, and neural tube defects etc.) could provide several benefits. These
benefits include reassurance of a normal pregnancy, making an informed decision,
counseling of parents, adequate time for the parents to prepare and plan for proper
health care services [4], chance to terminate the pregnancy, better planning and
preparation by the doctors, and avoiding unnecessary caesarian section. Prenatal

screening for genetic anomalies is also recommended to high-risk pregnant women.

The method and protocol for prenatal screening and diagnosis varies from
country to country. Many developed countries such as the United States of America
[11] and major countries in Europe have adopted prenatal screening to detect
congenital problems in the early stages of pregnancy resulting in a decrease in the
infant and neonatal mortality due to anomalies and increase in the prenatal diagnosis

of these anomalies [12].

Malaysia is a well-organized country with free medical services for its
citizens. Government sectors as well as private setups have good obstetric and
neonatal care facilities. However, prenatal screening tests are not offered in
Malaysia due to factors such as legal, social, religious and ethical considerations,
lack of expertise and proper equipment, and management options [8]. Public
hospitals are considered good but pregnant women in Malaysia are seen by primary
health care doctors who have basic medical knowledge and are not specialized
doctors [8]. There is a high chance that they might miss the signs of anomalies on
scans. No prenatal screening tests are available in public hospitals, although a few
private hospitals offer these tests. Therefore they have to send samples to outside
laboratories, which are highly expensive and cannot be afforded by lower and middle
class people. There is no prenatal screening policy in the country [8] even though
congenital anomalies is one of the major cause for deaths under 5 years of age
contributing 27.2 % according to the department of statistics Malaysia [13] and
birth defects are one of the main cause for perinatal and neonatal deaths and it

accounts for 17.5% of these deaths [14].



Furthermore, there are numerous research studies and data in the developed
countries on the prevalence, risk factors, screening, diagnostic and treatment
options of congenital anomalies while developing countries are still lacking with
proper data collection including Malaysia [15] and no data has been recorded or

updated on congenital anomalies after the year 2008 in Malaysia [16].

Prenatal screening tests such as amniocentesis and chorionic villus sampling
are not offered in Malaysia due to factors such as legal, social, religious and ethical
considerations, lack of expertise and proper equipment, and management options
[8]. Therefore, non-invasive prenatal screening tests such as first and second
trimester biochemical markers, nuchal Translucency is measured through ultrasound
(done between 10™ to 14™ week of gestation) and anomaly scan done at 20" week of
gestation would be the best choice. Yet, there are three major issues with using these
tests in developing countries: firstly, these non-invasive tests have a high cost and
the affordability is a concern. Secondly, these tests are not widely available in
developing countries. Finally, the lack of appropriate training, adherence to a
standard technique, and ongoing assessment of image quality [17] may result in
missing accurate ultrasound measurements. Therefore, most developing countries
rely on indicators such as maternal age, gestational age, ethnicity etc. for initial risk

assessment.

Hence, this study came up with the solution of a prediction model using basic
risk factors for the detection of high-risk women for having babies with congenital
anomalies. This study used the famous supervised machine learning techniques,
logistic regression, random forest, K-means clustering, artificial neural networks for
developing the prediction model. In chapter 2 a brief description of the techniques
that are used for the risk prediction model for trisomy 21 and neural tube defects has

been given.



1.3 Problem Statement

In spite of the fact that congenital anomalies are one of the leading causes of
infant mortality, there is no national prenatal screening policy in developing
countries. Prenatal screening and diagnosis for congenital anomalies is not widely
available in Malaysia, screening and diagnostic tests offered for detection of
congenital anomalies are expensive [18] and cannot be afforded without government
subsidy. Pregnant women usually present late for their first antenatal checkup due to
which the golden period, i.c., between 10" to 14™ week of gestation for checking
Nuchal Translucency through ultrasound is missed [18]. Prenatal screening is also
not widely accepted in Malaysia due to cost, legal issues and ethical, cultural and
religious beliefs [8, 18-20]. Only private hospitals and some laboratories offer
prenatal screening tests but they are highly expensive and lower and middle class
people cannot afford them. In developed countries, the introduction of prenatal
screening policy has reduced the infant and under 5 mortality rate. However, in
developing countries there are a few issues due to which implementation of a
national policy for prenatal screening policies might be a problem. Firstly, the lack
of expertise, secondly the lack of widely available tests in the country, third and by
far the most important is affordability. Hence, a prediction risk model for the risk
assessment of pregnant women for congenital anomalies using only basic risk factors
is needed in developing countries keeping in view all these problems. The
prediction model used in developed countries use biochemical markers along with
radiological scans, which cannot be used in developing countries because of cost
and other issues. Thus, this study will focus on using basic risk factors for
detection rate of risk in pregnant women for congenital anomalies using various
risk prediction models. This study used different techniques of supervised
machine learning to come up with the best model to be used for risk assessment of
congenital anomalies in developing countries. The model will be totally free of
cost as the variables can be easily obtained through history from the pregnant
woman during her antenatal visits. It will help highlight the high-risk pregnancies
without adding any cost so that timely management can be done. The various
techniques of supervised machine learning used in this study are given in the

Table 1.1.



1.4

ii.

1.5

Table 1.1 Supervised machine learning techniques

Supervised Machine Learning Techniques

[S—

Logistic Regression
Random Forest

K means clustering

Sl

Artificial Neural Network

Research Objectives

The objectives of this study are as follows:
To compare effectiveness of total prenatal screening implementations in
Europe and in Malaysia on prevalence of congenital anomalies.

To determine the risk of congenital anomalies by basic risk factors in

pregnant women using supervised machine learning risk prediction models.

Scope of the Study

The focus of this research is to study the effect of total prenatal screening

implementation on the prevalence rates of these congenital anomalies in Europe and

also in Malaysia. Moreover, this study will focus on using basic risk factors for

detection of risk of Trisomy 21 and neural tube defects in pregnant women in

developing countries by using prediction models developed by supervised machine

learning. The various techniques (logistic regression, K means clustering, Artificial

Neural Network and random forest) used for the prediction model will help with

developing the best one to be proposed for using in developing countries.



1.6  Significance of the Study

Congenital anomalies are one of the major causes responsible for infant and
neonatal mortality and morbidity. This study showed that developed countries with
national screening policies had significantly low rates of anomalies though the rates
of termination of pregnancy for fetal anomalies (TOPFA) was high in those
countries. These policies helped decrease the rate of live birth prevalence and also
there was reduction in the infant mortality rates in the developed countries. In
developing countries such as Malaysia, there are no national screening policies for
prenatal screening and diagnosis of congenital anomalies. The purpose of this
research was to design a risk prediction model keeping in mind all the factors due to
which there is no national screening policy in developing countries. This prediction
model only used basic risk factors to calculate the risk for having trisomy 21 and
neural tube defects as well any congenital anomaly. The previous models use risk
factors along with biochemical markers to calculate the risk in pregnant women for
having anomalies. However, it is not possible to screen every woman in developing
countries due to many factors, in which cost is the most important factor. This
prediction model is highly beneficial for screening pregnant woman without any
extra cost. This will not only help the health professional point out the high-risk
woman, but also help pregnant woman to be screened and marked as low or high-risk
patient. Moreover the pregnant women can be sent to a facility where better
planning, counseling of the parents and timely management of the baby with

anomalies can be done.
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