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OPERATIONAL DEFINITIONS
Doppler sonography is a test that uses reflected ultrasound waves to see how blood flows

through a blood vessel.

Uterine artery Doppler sonography will measure the pulsatility index Pl and Resistive

index RI and observe whether there is any end-diastolic notch on the flow pattern tracing.

The pulsatility index measures the variability of blood velocity in a vessel, equal to the
difference between the peak systolic and minimum diastolic velocities divided by the mean

velocity during the cardiac cycle.

The resistive index measures the resistance to blood flow caused by the microvascular bed

distal to the measurement site.

End diastolic notch indicates cessation or reduction in blood flow through an artery at the

point of measurement during the diastole of the cardiac cycle.

Unilateral end diastolic notch indicates cessation or reduction in blood flow through one of

the uterine arteries at the point of measurement during the diastole of the cardiac cycle.

Bilateral end diastolic notch indicates cessation or reduction in blood flow through both

uterine arteries at the points of measurement during the diastole of the cardiac cycle.

Adverse pregnancy outcome is an outcome that is not considered normal and, for this study,

includes stillbirth, preterm birth, low birth weight and pre-eclampsia.

Pre-eclampsia is any hypertension (BP > 140/90mmHg) and proteinuria (urine dipstick +) in

a pregnant woman after 20 weeks of gestation.

Xii



Stillbirth is the death of a fetus in utero after 22 weeks of gestation and before expulsion of

the fetus from the womb.

Preterm birth is the delivery (expulsion) of the fetus between 28 weeks and 36 weeks 6 days

of gestation.

Low birth weight is the weight of a fetus less than 2.5Kg at birth at term

Resuscitation is a medication intervention to revive, stabilize or stimulate a newborn with
difficulty breathing. It ranges from wiping the face of the baby and deep suction of secretions
from the throat and nose, rubbing the skin of the back and limbs, ambu bagging and assisted

ventilation.

Validation is a process of assessing a prediction model's performance on new data to ensure
generalizability. It is done after the initial model is built and involves a separate dataset not

used in the model development to test its performance.

Evaluation is a broader term for the overall assessment of the prediction model's accuracy,
sensitivity, specificity, area under curve (AUC) and goodness of fit. It can be done at
different stages of prediction model development, e.g. during the development (internal

validation) or after the prediction model development (external validation).
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ABSTRACT

Background: Preeclampsia causes 12% to 19% of maternal deaths in Uganda. Complications
include preterm birth, stillbirth and low birth weight. Early diagnosis and timely delivery
improve pregnancy outcomes. Nevertheless, due to poor infrastructure in northern Uganda,
early prediction and diagnosis with eventual treatment may save lives. Therefore, we set out
to predict pre-eclampsia and adverse pregnancy outcomes using maternal history, laboratory

characteristics and uterine artery Doppler indices in northern Uganda.

Methods: This prospective cohort study recruited 1,285 pregnant mothers at 16-24 weeks.
Participants' history, physical findings, blood tests (full haemogram, renal and liver function)
and uterine artery Doppler indices were recorded. One thousand four (1,004) enrolled
pregnant mothers had complete delivery records. Preeclampsia, preterm birth, stillbirth and
low birth weight were the desired outcomes. We built models in RStudio for predicting pre-

eclampsia, preterm birth, stillbirth and low birth weight.

Statistical analysis: t-tests, Mann-Whitney tests and Pearson’s chi-square were used to
compare means, medians, and proportions, respectively. We calculated incidences of low
birth weight at term, pre-eclampsia, preterm birth and stillbirth. We identified from maternal
history, physical examination, uterine artery Doppler indices and blood tests, maternal risk
factors for preeclampsia, preterm birth, stillbirth and low birthweight at term using the
logistic regression models in RStudio. We re-processed the data using the ROSE package to
produce synthetic data (test data) to evaluate the (original) model performance and validated
the models using K-fold cross-validation. We weighed each variable contribution in the

prediction model.

Results: The incidence of pre-eclampsia, preterm birth, stillbirth and low birth weight at term

were 4.3%, 11.6%, 2.5% and 5.7%, respectively. The predictors of these adverse pregnancy

Xiv



outcomes were Maternal age > 35 years, nulliparity, personal history of preeclampsia, tertiary
level of education, BMI > 26.5Kg/m2, diastolic hypertension, bilateral end-diastolic notch,
lateral placental location, serum GGT >30 IU, serum ALT 12 — 49 U, white blood cell count
> 11,000 cells/ul, lymphocyte count of 800-4000 cells/ul, haemoglobin level > 12.1g/dL and

serum ALP <98 IU.

The models had a good fit if McFadden's pseudo-R? was between 0.2-0.4. Maternal history,
laboratory tests and uterine artery Doppler sonography predicted pre-eclampsia with 84.9%
AUC and McFadden’s pseudo-R? of 0.30. The variables with weights up to >6.0 predicted

adverse pregnancy outcomes by >60% AUC and > 50% accuracy.

Conclusion: The prediction models for preeclampsia had AUC of 71.4% to 84.9%. Since the

patients present to prenatal clinics with different predictors, the variable weights adding up to

>6.0 predicted adverse outcomes by >60% AUC. These may help to develop prenatal
screening tools for preeclampsia in Uganda. We recommend incorporating the prediction of
preeclampsia into prenatal care and strengthening the referral pathways for those found to be

at risk.

Keywords: Risk prediction, laboratory tests, uterine artery Doppler indices, maternal

characteristics, pre-eclampsia, stillbirth, preterm birth, low birth weight, Uganda, Africa
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CHAPTER ONE: BACKGROUND

1.0 Introduction and Background

Preeclampsia (PE) is a human pregnancy-specific syndrome characterised by new onset
hypertension (=140/90mmHg) and proteinuria (++ on urine dipstick) or any end-organ
dysfunction in a previously normotensive woman (Ministry_of_Health, 2015, 2019; Uganda
Bureau of Statistics, 2016; Uganda, 2011). The exact cause is unknown but thought to result
from defective placentation (Brosens et al., 2011) or immune maladaptation (Khalil et al.,
2013). This defective placentation is thought to result in “great obstetric syndromes”, mainly
PE, preterm birth (PB), low birth weight (LBW) and stillbirth (SB) (Caughey et al., 2005;
Elosha Eiland, 2012; Gallo et al., 2013; Khalil et al., 2013; Knuist et al., 1998; Nakimuli et
al., 2014; Wright et al., 2015; Yasmin Casmod, 2016). The late-onset preeclampsia is more
associated with metabolic and cardiovascular disease risks (Culhane & Goldenberg, 2011;
Khalil et al., 2013; Kistka et al., 2007; Osypuk & Acevedo-Garcia, 2008). In multiracial
communities, women of Afro-Caribbean racial origin are at increased risk of adverse
pregnancy outcomes (Fulda et al., 2014; Khalil et al., 2013; Ncube et al., 2019). On the other
hand, primary smoking is protective (Khalil et al., 2013; Reddy et al., 2010; Salihu et al.,

2004). Nevertheless, we need to find out whether secondary smoking is also protective.

PE affects 2-10% of pregnant women globally, with an average prevalence of 4.6% (Abalos
et al., 2013) and a cause of about 10% of maternal deaths, the majority of whom are in low-
income countries (Kassebaum et al., 2014). In Africa, it causes 10-15% of maternal deaths

(Ediau et al., 2013) and 12% -19% of maternal deaths in Uganda (MoH, 2019).

The predictors of PE and other adverse pregnancy outcomes using maternal demographic and
clinical findings include nulliparity or new partner fathering the pregnancy (Hoffman, 2023;

Lokki etal., 2018), women of African descent (Nakimuli et al., 2014), previous personal or



family history of PE, maternal age of >35 years and raised mean arterial pressure (Gallo et
al., 2014), pregnancy at high altitude (Myatt & Roberts, 2015; Powe et al., 2011; Prins et al.,
2016b; Robillard et al., 2017), twin pregnancies (Laine et al., 2019) delivery of male babies
(Wandabwa et al., 2010) and cardiometabolic diseases (Haymanot et al., 2020; Munazza et
al., 2011; Noura, 2015), On the other hand, primary smoking is protective against
preeclampsia (Myatt & Roberts, 2015; Powe et al., 2011; Prins et al., 2016a). Nevertheless,
we need to find out whether secondary smoking is also protective. Autoimmune diseases and
systemic inflammation (Hoffman, 2023; Lokki et al., 2018), high uterine artery Doppler
pulsatility and resistive indices, and the presence of end-diastolic notches (Gallo et al., 2013;

Wandabwa et al., 2010) are also associated with adverse pregnancy outcomes.

In Uganda, laboratory tests (Amukele et al., 2018) and ultrasound examinations (Gonzaga et
al., 2010; Kiguli-Malwadde et al., 2020) are available. These blood tests (Xue et al., 2023)
and uterine artery Doppler indices (Tudor et al., 2023) can aid the prediction of preeclampsia
and adverse pregnancy outcomes. Xue and colleagues found that a combination of full
haemogram, liver and renal function tests predicted preeclampsia by 78% AUC (Xue et al.,
2023). Tudor and colleagues found a pulsatility index of >95" percentile for their population
had either preeclampsia or intrauterine growth restriction (Tudor et al., 2023). However,
obstetric ultrasound, full haemogram, liver and renal function tests are not mandatory during
pregnancy (MoH_Uganda, 2022), although over 93% of pregnant women come into contact
with a skilled healthcare provider at least once during antenatal visits (Ediau et al., 2013;

UDHS, 2022).

Routine screening of adverse pregnancy outcomes during prenatal care in the global north
uses maternal characteristics, laboratory tests and uterine artery Doppler indices (Muin et al.,

2022; The_fetal_medicine_foundation, 2022). These Doppler Pl and RI values between



populations decrease with increasing gestation age up to the end of the second trimester
(Tayyar et al., 2015). Figure 1 below is a) normal and b), ¢) and d) abnormal uterine artery
Doppler tracing. The machine automatically gives the Pl and RI readings, while the end-

diastolic notch is subjective and depends on the characteristics of the tracing seen.

Figure 1b: Abnormal uterine artery
Doppler with Severe early and end
diastolic notch

Figure 1c: Mild end diastolic notch without Figure 1d: Mild early and end diastolic
early diastolic notch, angle correction notch, angle correction

Figure 1: Normal and abnormal uterine artery flow tracings

The National Institute of Health and Care Excellence (NICE) (NICE, 2021), the American
College of Obstetricians and Gynaecologists (ACOG) (ACOG, 2019), the Society of
Obstetricians and Gynaecologists of Canada (SOGC) (Laura A. Magee et al., 2022) and
Department of Health Australia (Department_of _health, 2019) guidelines for prenatal care
advocates for screening for adverse pregnancy outcomes in the first and second trimesters of
pregnancy. Those found to be at risk are given frequent follow-up dates and preventive

measures according to their protocols, including frequent follow-up visits and low-dose



aspirin (ACOG, 2019; Department_of health, 2019; Laura A. Magee et al., 2022; NICE,
2021). Those at risk of preeclampsia are given low-dose aspirin starting before 16 weeks to
36 weeks of gestation, and it has been shown to reduce the incidence of preeclampsia by
62%, the majority being early onset preeclampsia (Stubert et al., 2023). In Uganda, we have
excellent guidelines for early detection and management of adverse pregnancy outcomes;

however, no prediction of those outcomes is made in prenatal clinics (MoH_Uganda, 2022).

Therefore we carried out a prospective cohort study to predict preeclampsia and adverse
pregnancy outcomes, built models, and evaluated their accuracy, sensitivity, and specificity
of the AUC of second-trimester maternal characteristics, uterine artery Doppler indices
(resistive index, pulsatility index, and earl diastolic notch) and maternal blood tests (full
haemogram, liver, and renal function tests) to predict pre-eclampsia, low birth weight,
preterm birth and stillbirth among women attending antenatal care at St. Mary's Hospital
Lacor in northern Uganda. In addition, we determined which models had the best fit for
predicting adverse pregnancy outcomes to be used for screening in prenatal clinics by
calculating McFadden’s pseudo R2. These may help to develop prenatal screening tools for

preeclampsia in Uganda, which may be incorporated into prenatal care.

1.1 Statement of the problem

Maternal mortality in Uganda has remained high over the past decade, reducing from 438 to
189 per 100,000 live births (UDHS, 2011, 2022). Preeclampsia causes 12-19% of these
maternal deaths (MoH, 2019). Use of prediction models preventive strategies for adverse
pregnancy outcomes has demonstrated to save lives, with current meta-analyses showing a
reduction of the risk of the occurrence of pre-eclampsia (RR 0.85, NNT 50), as well as
beneficial effects on the rates of preterm birth (RR 0.80, NNT 37), fetal growth restriction

(RR 0.82, NNT 77), and perinatal death (RR 0.79, NNT 167) (Stubert et al., 2023).



Pregnant women are encouraged to start prenatal care as soon as they miss their periods
(MoH, 2022). Every mother gets a prenatal booklet filled with her history, physical
examination and HIV status (MoH, 2022). Prenatal care is free in government health centres
and attracts a small fee in private health centres (MoH, 2022). However, prenatal ultrasound
is not mandatory; some mothers undergo the whole gestation period without getting a single

prenatal ultrasound scan (MoH, 2022; UCG, 2023).

Over 93% of pregnant women come into contact with a skilled healthcare provider at least
once during their prenatal visits (UDHS, 2022). The majority return to give birth in the
hospital (UDHS, 2022); however, the referral system is tedious and time-consuming for those

who eventually require transfer to higher-level health units (Waiswa et al., 2010).

Routine history taking and physical examination for every mother during prenatal care
extracts all the maternal demographic characteristics predictors of pre-eclampsia, preterm
birth, low birth weight and stillbirth and yet this information is not used for purposes of
prediction of these adverse pregnancy outcomes. There are no prediction models specifically
developed and validated to predict preeclampsia and other adverse pregnancy outcomes
among the black population. These would have aided referral to higher-level hospitals, where
uterine artery Doppler sonography, complete blood count, and renal and liver function tests
services are readily available. The few available specialist healthcare providers could
concentrate care for high-risk pregnancies. The extra vigilance given to high-risk women may
lead to early diagnosis and treatment of PE, preterm birth or low birth weight, thereby

preventing and reducing morbidity and mortality.

1.2 Hypotheses

Hypothesis 1: Maternal history and physical examination findings at 16 to 24 weeks of

gestation predict pre-eclampsia and adverse pregnancy outcomes.



Hypothesis 2: Laboratory blood tests at 16 to 24 weeks of gestation predict pre-eclampsia
and adverse pregnancy outcomes.
Hypothesis 3: Uterine artery Doppler indices at 16 to 24 weeks of gestation predict pre-

eclampsia and adverse pregnancy outcomes.

Research Questions
1. Which second-trimester maternal socio-demographic and clinical characteristics
predict preeclampsia and adverse pregnancy outcomes?
2. Which second-trimester maternal laboratory characteristics predict preeclampsia and
adverse pregnancy outcomes?
3. Which second-trimester maternal uterine artery Doppler indices predict preeclampsia

and adverse pregnancy outcomes?

1.3 Objectives

1.3.1 General objective
To determine ultrasonography, laboratory and maternal characteristics that predict pre-

eclampsia and adverse pregnancy outcomes at St. Mary's Hospital Lacor, northern Uganda.

1.3.2 Specific objectives

1 To determine the second-trimester maternal characteristics that predict pre-eclampsia
and adverse pregnancy outcomes at St. Mary's Hospital Lacor, northern Uganda.

2  To determine the second-trimester laboratory characteristics that predict pre-eclampsia
and adverse pregnancy outcomes at St. Mary's Hospital Lacor, northern Uganda.

3 To determine the second-trimester uterine artery Doppler Sonography end-diastolic
notch, pulsatility index (P.l.) and resistive index (R.1.) that predict pre-eclampsia and

adverse pregnhancy outcomes at St. Mary's Hospital Lacor, northern Uganda.



1.4 Conceptual framework

Poor
placentation

Risk factors /Genetic predisposition (Obesity,
nulliparity, Age>35years, Black race,
Diabetes Mellitus, Chronic hypertension,
Stillbirth, Assisted reproduction) (Objective 1)

+

High impedance to

v

Systemic inflammation, Liver

flow within the uterine

arteries (Objective 3)

and renal injury (Objective 2)

Preeclampsia

\ 4

l '

Adverse pregnancy outcome (Low birth weight, prematurity, perinatal
death, eclampsia, PPH, Maternal death)

Figure 2: The conceptual framework

Narrative

In this conceptual framework, maternal genetic factors may lead to defective placentation or

systemic inflammation, renal and liver injury. These factors may also interact, leading to

high impedance to blood flow within the uterine arteries. These high impedance to blood

flow within the uterine arteries, systemic inflammation, renal and liver injuries are risk

factors for preeclampsia and adverse pregnancy outcomes like intrauterine growth restriction

(IUGR), Birth asphyxia, prematurity, perinatal death, eclampsia, postpartum haemorrhage

(PPH), abruption placenta, disseminated intravascular coagulopathy (DIC), Stroke, and

Maternal death




1.5 Justification of the Study

There are no prediction models specifically developed and validated to predict preeclampsia
and other adverse pregnancy outcomes among the black population. This study will
significantly benefit pregnant mothers, caretakers, and healthcare providers regarding whom
to monitor more closely and who to have timely referrals to higher-level health units.
Ultrasound machines are readily available in Uganda, and examination is non-invasive yet
very informative to expectant mothers about their unborn babies’ health status and structure
(Gonzaga et al., 2010; Kiguli-Malwadde et al., 2020). Although obstetric ultrasound scan is
not mandatory during pregnancy (UCG, 2023; UDHS, 2022), over 93% of pregnant women
come into contact with a skilled healthcare provider at least once during antenatal visits
(Ediau et al., 2013). In addition, complete blood count, renal and liver function tests are
readily available in most tertiary hospitals and laboratories (UCG, 2023; UDHS, 2022). With
the available information, mothers and caretakers are counselled appropriately on what to
expect from the findings of their screening during antenatal care. That will enable the few

available specialist healthcare providers to care for high-risk pregnancies.

The study will also open doors to more research to validate the developed model to ensure
generalizability, strengthen referral pathways for mothers who have been identified as at risk
of developing preeclampsia, identify training gaps for midwives to predict preeclampsia
using the available antenatal care cards, training gaps for health care workers especially in
prenatal ultrasound to perform sonography routinely as part of prenatal care and increase

curiosity for more research into prediction of adverse pregnancy outcomes.



CHAPTER TWO: REVIEW OF LITERATURE

2.1 Aetiology of pre-eclampsia and associated adverse outcomes

At implantation, L-selectin mediates the adhesion of the blastocyst to carbohydrate receptors
on the uterine wall (Genbacev et al., 2003; Sadler T.W, 2019). This attachment is the site for
the future placenta (Sadler T.W, 2019). As the blastocyst gets embedded into the endometrial
wall, it differentiates into the inner and outer cell mass (Sadler T.W, 2019). The inner cell
mass forms the embryo, while the external cell mass forms the fetal membranes and placenta
(Sadler T.W, 2019). At the embryonic pole, the trophoblasts form villi which invade deeper
into the endometrium; vacuoles appear in the syncytium, fuse, and coalesce to form large
lacunae (Pijnenborg et al., 1983; Sadler T.W, 2019). This primary trophoblastic invasion
occurs at 8 to 10 weeks of gestation (Lyall et al., 2001). At this stage, only the maternal
plasma reaches the vicinity of the growing embryo for nutrient exchange (Lyall et al., 2001).
The secondary trophoblast invasion occurs at 16 to 18 weeks of gestation (Lyall et al., 2001).
The cytotrophablast cells emigrate from the chorionic villi to invade the inner third of the
myometrium (Fisher, 2015; Powe et al., 2011). Cytotrophoblasts migrate up the spiral arteries
and replace the maternal endothelial lining in a retrograde fashion. They also insert
themselves among the smooth muscle cells that form the tunica media (Fisher, 2015; Redman
& Sargent, 2005) of the spiral arteries. These structural modifications of the blood vessels are
associated with functional alterations, such that the spiral arteries become low-resistance
vessels by 18 weeks of gestation and, thus, less sensitive to vasoconstrictive substances
(Fisher, 2015; Redman & Sargent, 2005; Uzan et al., 2011). As a result, invasion of the
venous side of the uterine circulation is minimal, sufficient to enable venous return (Fisher,

2015).



Failure of the secondary trophoblast invasion is associated with pre-eclampsia and
intrauterine growth restriction (Lyall et al., 2001; Redman & Sargent, 2005). Some vessels
retain portions of their endothelial lining with relatively intact muscular coats (Fisher, 2015;
Powe et al., 2011; Redman & Sargent, 2005). That results in constricted high-resistance
vessels forming (Powe et al., 2011). Moreover, this leads to reduced blood flow to the
placental bed, placental insufficiency (Elosha Eiland, 2012), and decreased oxygen tension at
the placental bed (Brennan et al., 2014; Possomato-Vieira & Khalil, 2016). The resultant
placental ischaemia encourages anaerobic respiration, which produces oxygen-free radicals,
causing placental injury and increasing placental debris in maternal circulation (Jain et al.,
2014; Redman & Sargent, 2005). The high resistance within the blood vessels, coupled with
the production of oxygen-free radicals, leads to endothelial injury, dysfunction,

vasoconstriction, and hypertension (Powe et al., 2011).

2.2 Immune maladaptation in pre-eclampsia and adverse outcomes

PE may also arise from an immune maladaptation of the mother to fetal tissues and
membranes. Dekker and Robillard (Dekker G.A & Robillard P.Y, 2004) argue that the
increased placental tissue in maternal circulation increases inflammation and endothelial
injury. Other researchers believe the degree of immune response to the placental debris in
maternal circulation determines the severity of pre-eclampsia (Dechend & Staff, 2012;
Redman & Sargent, 2003, 2005). This systemic inflammation may result in endothelial
injury, vasoconstriction, and hypertension (Dekker et al., 1998), and alters maternal blood
cell count, liver and renal function tests, and eventually leads to inadequate invasion of the
spiral arteries by the developing placenta (Dekker et al., 1998; Harmon et al., 2016;
Laresgoiti-Servitje E, 2011; Myatt & Roberts, 2015; Powe et al., 2011; Prins et al., 2016a;

Redman, 2011; Redman et al., 2014), similar to an allograft rejection (Medawar, 1960). That
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results in a shallow cytotrophoblast invasion of the spiral arteries, hence endothelial

dysfunction and placental insufficiency (Dekker G.A & Robillard P.Y, 2004).

2.3 Genetic origin of pre-eclampsia preeclampsia and adverse outcomes

PE may also have a genetic heritage. KIR2DS5 is an activating human NK cell receptor of
lineage killer cell immunoglobulin-like receptors commonly found in families, usually
women of African descent (Nakimuli et al., 2015). This cell receptor (C2 epitope of HLA-C),
KIR2DS5*006, was protective against pre-eclampsia in African women (Nakimuli et al.,
2015). Dekker and Robillard (Dekker G.A & Robillard P.Y, 2004) believed pre-eclampsia
inheritance is a single recessive or dominant gene with incomplete penetrance. It is unclear
whether the maternal genetic composition is responsible for abnormal placentation or
immune maladaptation to pregnancy. PE may also result from the maternal system's inability
to cope with the physiologic and genetic conflict (Dekker G.A & Robillard P.Y, 2004). The
very low-density lipoprotein versus toxicity-preventing activity theory observes that Free
fatty acids increase in the circulation of pregnant mothers 15 to 20 weeks before the onset of
pre-eclampsia (Lorentzen et al., 1994), which leads to endothelial injury (Arbogast et al.,
1994). The hyper-dynamic disease model found that pregnant women destined to develop
pre-eclampsia have increased cardiac output associated with compensatory vasodilation
(Bosio et al., 1999; Shakuntala Chhabra et al., 2016). That may be detected as an increased
pulsatility index in the high-resistance uterine arteries. The dilated systemic terminal
arterioles and renal afferent arterioles may expose capillary beds to high systemic pressures

and increased flow rates, eventually leading to endothelial cell injury (Bosio et al., 1999).

2.4 Vascular abnormalities in pre-eclampsia and adverse pregnancy outcomes
The uterine artery is a branch of the internal iliac artery (Rock & Jones, 2008). It divides into

arcuate and spiral arteries (Rock & Jones, 2008). During early pregnancy, it undergoes
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vascular remodelling to form low-resistance vessels to supply large volumes (500-
650ml/min) of blood to the uterus to meet the demands of the growing fetus (Palmer et al.,
1992). Therefore, inadequate remodelling is associated with reduced blood flow to the
placental site (Redman et al., 2014). Uterine artery Doppler sonography measures blood flow
direction, velocity, resistance, and VVolume (Nelson & Pretorius, 1988). The pulsatility index
(PI) measures the difference between the peak systolic and minimum diastolic velocities
divided by the mean velocity during the cardiac cycle (Nelson & Pretorius, 1988), while the
resistive index (RI) is a measure of the resistance to blood flow caused by the microvascular
bed distal to the site of measurement (Nelson & Pretorius, 1988). End diastolic notch
indicates reduction or cessation in blood flow through the artery at the point of measurement
during the diastole of the cardiac cycle (Nelson & Pretorius, 1988). That explains the
placental site perfusion (Nelson & Pretorius, 1988; Redman et al., 2014). However, different
groups and ethnicities of women have other cut-off Doppler Pl and RI indices
(Papageorghiou et al., 2001; Prajapati & Maitra, 2013; Yasmin Casmod, 2016), making it

hard to adopt a guideline from one part of the world to fit another.

2.5 Prediction of preeclampsia and adverse pregnancy outcomes

2.5.1 Prediction of pre-eclampsia and adverse outcomes using uterine artery Doppler
sonography

Sonography uses sound waves with frequencies over 20 kilohertz (kHz) (Abu-Zidan et al.,
2011) above the audible range. Ultrasound machines produce the ultrasound, receive the
reflected waves (echoes) (Abu-Zidan et al., 2011), process the echoes, and display them on
the screen to form an image. Doppler sonography uses the principle of the Doppler effect
(Maulik, 2005). It measures ultrasound waves' changes in frequency between the source and
the echoes whenever there is relative motion (Abu-Zidan et al., 2011; Maulik, 2005; Nelson

& Pretorius, 1988). The wave frequency increases when the motion is towards the sound
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source and reduces when the movement is away from the sound source (Maulik, 2005;
Nelson & Pretorius, 1988). The difference in frequency of the transmitted sound wave and
echo usually is within the audible range (Abu-Zidan et al., 2011; Evans, 2006; Maulik, 2005;
Nelson & Pretorius, 1988). It measures blood flow direction, velocity, resistance, and volume
(Maulik, 2005; Nelson & Pretorius, 1988). It also shows areas of turbulence in the blood
vessel. The pulsatility index measures the difference between the peak systolic and minimum
diastolic velocities divided by the mean velocity during the cardiac cycle (Maulik, 2005). The
resistive index measures the resistance to blood flow caused by the microvascular bed distal
to the site of measurement (Maulik, 2005). End diastolic notch indicates cessation or
reduction in blood flow through an artery at the point of measurement during the diastole of
the cardiac cycle (Maulik, 2005). When applied to the uterine arteries, it gives an idea about

the placental site perfusion or insufficiency (Maulik, 2005).

The changes in blood flow in uteroplacental vessels may predict which patients are more
likely to develop pre-eclampsia. In the 1980s, Trudinger and colleagues (Trudinger et al.,
1985) described uteroplacental blood flow waveforms in 12 normal and 91 complicated
pregnancies starting at 20 weeks until delivery in Sydney, Australia. They found reduced
diastolic blood flow in the uterine arteries associated with intrauterine growth restriction and
hypertensive disorders in pregnancy (Trudinger et al., 1985). This study provided the baseline
for more research using Doppler sonography to predict pre-eclampsia and adverse pregnancy
outcomes. Similarly, Fleischer and colleagues (Fleischer et al., 1986) assessed uterine artery
Doppler velocimetry in pregnant women with hypertension in their second and third
trimesters in the USA. They found that normal pregnancy occurred when the systolic-
diastolic ratio was less or equal to 2.6. A notch in the waveform would arise when the

systolic-diastolic ratio was more than 2.6. Such pregnancies would be complicated by
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stillbirth, premature birth, intrauterine growth restriction, and pre-eclampsia, with positive

and negative predictive values of 93% and 91%, respectively.

In the 2000s, Papageorghiou et al. did a multicentre screening for pre-eclampsia and fetal
growth restriction using transvaginal uterine artery Doppler flow sonography at 23 weeks of
gestation (Papageorghiou et al., 2001). They found that the 95" percentile for the pulsatility
index for uterine arteries of the women studied was 1.63. A pulsatility index above 1.63 had a
sensitivity and specificity of 69% and 95.2%, respectively, to predict pre-eclampsia
(Papageorghiou et al., 2001). In addition, Papageorghiou and colleagues (Papageorghiou et
al., 2005) repeated a multicenter prospective cohort study to assess the risk for the
development of PE by maternal characteristics and second-trimester uttering artery Doppler
sonography. PE occurred in 2.2% of their study population, with blacks and obese women
more at risk. They found that for a false positive rate of 25%, the detection rate for pre-
eclampsia using maternal history alone was 45.3%, with uterine artery Doppler flow
pulsatility index was 63.1%, and by combining the tests, it raised to 67.5% (Papageorghiou et

al., 2005).

Yousuf et al. determined whether placental laterality associated with abnormal second-
trimester uterine artery Doppler flow sonography predicted pre-eclampsia. They found that a
laterally situated placenta predicted 52% of pre-eclampsia. Furthermore, a combination of a
laterally situated placenta and an abnormal uterine artery Doppler flow sonography predicted

92% of pre-eclampsia (Yousuf et al., 2016).

The prediction of pre-eclampsia is improved if we target high-risk patients for screening.
Anafi and Hajian (Asnafi & Hajian, 2011) assessed uterine artery Doppler sonography
efficiency in the prediction of adverse pregnancy outcomes in high-risk pregnancies (those

with a history of chronic hypertension, pre-eclampsia, diabetes mellitus, gestational diabetes,
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intrauterine fetal death, infertility, polycystic ovarian syndrome, and recurrent abortion) at 18
to 24 weeks in it Iran. They found pre-eclampsia in 48% of those with end-diastolic notching

as opposed to only 9% without end-diastolic notching (Asnafi & Hajian, 2011).

Similarly, Bhattacharya and colleagues (Bhattacharyya Sanjoy Kumar, 2012) did uterine
artery Doppler flow sonography in pregnant women at 24 to 26 weeks in India. They found
that a unilateral or bilateral end-diastolic notch or a resistive index greater than 0.6 had a
sensitivity and specificity of 73.3% and 86.5% of high-risk pregnancies, and low-risk
pregnancies were 57.1% and 95.8%, respectively (Bhattacharyya Sanjoy Kumar, 2012).
However, they did not give the cut-off of their pulsatility index. Yasmin Casmod and
colleagues (Yasmin Casmod, 2016) did uterine artery Doppler flow sonography in the first,
second, and third trimesters of pregnancy in South Africa from 2008 to 2010. They found that
the incidence of pre-eclampsia was 5.8%, and the second-trimester early diastolic notch
predicted only 50% of cases. Most (73%) of the patients were blacks in their twenties

(‘Yasmin Casmod, 2016).

Likewise, Dutta and colleagues (Amit Dutta & S. K. Rafikul Rahaman, 2017) in India
observed accelerated maturation of the placenta in pregnancies complicated with
hypertension as detected by the ultrasound scan. Placental lesions found during the
ultrasound examination included cystic areas with echogenic borders, the heterogeneous
appearance of placental mass, and thick or thin placentae. At histology, they found infarction,
calcification, increased syncytial knots, fibrinoid necrosis, perivascular and sub-chorionic
haemorrhage in the placentae of pregnancies complicated by hypertension (Amit Dutta & S.
K. Rafikul Rahaman, 2017). Similarly, Weiner and colleagues (Weiner et al., 2016) studied

the role of placental histological lesions in predicting pre-eclampsia recurrence. They found
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that the placentae from the recurrent pre-eclampsia group had a higher rate of maternal and

fetal vascular supply lesions than the non-recurrent pre-eclampsia group.

Lopez-Mendez et al. evaluated the uterine artery Doppler ultrasound resistance index,
pulsatility index, early diastolic notch, systolic peak, and their combinations in pregnant
women with pre-eclampsia (Lopez-Mendez et al., 2013). They found an abnormal general
Doppler Ultrasound profile positively associated with adverse outcomes in pre-eclampsia.
However, the study did not give the cut-off reading for adverse effects in Preeclampsia and
never commented on whether Doppler flow sonography was helpful in the prediction of

adverse pregnancy outcomes in pre-eclampsia.

Uteroplacental blood flow abnormalities may also be diagnostic of some adverse outcomes,
such as small-for-gestation age. In the 1990s, North et al. (North et al., 1994) found the best
screening for PE and small for gestational age (SGA) babies to be a Rl or abdominal
circumference (AC) above the 901 percentile. Konchak and colleagues (Konchak et al., 1995)
found an elevated uterine RI associated with an increased risk for PE and SGA. In addition, a
uterine artery notch had an increased risk of PE, preterm birth, and SGA (Konchak et al.,
1995). Bower and colleagues (Bower et al., 1998) found that a PI of 1.5 had a sensitivity of
100% and a positive predictive value of 55% while predicting adverse pregnancy outcomes,
which included PE and SGA. In Ethiopia, demographic characteristics were used to predict
low birth weight and at a 26% false positive rate, they predicted low birth weight with 83%
AUC with 82% specificity and 71% sensitivity (Hassen et al., 2020). While in India, Singh et
al. (Singh et al., 2014) found a prediction model AUC of 79% with 72% sensitivity and 56%
specificity. In the USA, maternal history predicted low birth weight with 75.3% accuracy

(Gaziano et al., 1981). In Denmark, the uterine artery pulsatility index predicted low birth
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weight with 74% AUC (Sinding et al., 2017), while in Saudi Arabia, the placental thickness

of <2cm and diameter of <18cm predicted low birth weight with 88.6% AUC (Habib, 2002).

In a review article, Llurba et al. (Llurba et al., 2009) examined the value of one-step uterine
artery Doppler indices at 19-22 weeks of gestation for predicting pre-eclampsia and
intrauterine growth restriction. They drew receiver operating characteristic curves to compare
uterine artery Doppler sonography and maternal characteristics to predict pre-eclampsia and
IUGR. For a false positive rate of 10%, uterine artery Doppler mean Pl identified 70.6% of
pregnancies that subsequently developed PE and 73.3% of those who developed IUGR.

Maternal history alone had a meagre detection rate for PE and IUGR.

In Spain and Sweden, a short cervical length on ultrasound of endo-cervical length of <25
mm predicted preterm birth at <33 weeks of gestation with 38.5% sensitivity and 95.8%
specificity with an area under the curve (AUC) of about 64% (Burgos-Artizzu et al., 2021;

Kuusela et al., 2021).

Meanwhile, a bilateral end-diastolic notch signifies reduced perfusion of the placental site,
which may translate into insufficiency (Espinoza et al., 2010). In Australia, they found that a
bilateral end-diastolic notch would predict preterm birth by 31.4% sensitivity and 58% AUC
(van Zijl et al., 2020). In a systematic review by Meertens et al. (Meertens et al., 2018), most
models for predicting preterm birth have an AUC of 54% - 70% for both development and

validation.

2.5.2 Prediction of pre-eclampsia and adverse pregnancy outcomes using maternal

characteristics in multivariable prediction models

Maternal characteristics, including socio-demographic factors, predict pre-eclampsia or

adverse outcomes associated with the disease. In the United Kingdom, David Wright and
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colleagues (Wright et al., 2015) developed a model for predicting pre-eclampsia based on
maternal demographic characteristics and medical history. They assumed that if the
pregnancy continued indefinitely, all women would develop pre-eclampsia. Instead, they
found an increased risk for pre-eclampsia, advancing maternal age, increasing weight, Afro-
Caribbean and South Asian racial origin, medical history of chronic hypertension, diabetes
mellitus, systemic lupus erythematosus or antiphospholipid syndrome, conception by in vitro
fertilization, family history and personal history of pre-eclampsia. At a screen-positive rate of
11%, the new model predicted 40%, 48%, and 54% of cases of total pre-eclampsia and pre-

eclampsia requiring delivery at <37 and <34 weeks, respectively.

The Fetal Medicine Foundation (Chaemsaithong et al., 2020) developed a triple test for
screening for PE before 16 weeks using maternal factors and mean arterial pressure, uterine
artery Doppler, and serum placental growth factor. It can detect correctly 90% and 75% of
preterm and term PE, respectively, at 10% false positives in the Caucasian population. The

detection rates were lower in other races.

North and colleagues (North et al., 2011) found that the area under the receiver operating
characteristics curve (AUC) under internal validation was 0.71 for maternal characteristics.
The addition of uterine artery Doppler indices at 20 weeks did not improve performance
(internal validation AUC 0.71) (North et al., 2011). They developed a framework for
specialist referral based on a probability of pre-eclampsia generated by the model of at least
15% or an abnormal uterine artery Doppler waveform in a subset of women with single risk

factors (North et al., 2011).

Direkvand-Moghadam and colleagues (Direkvand-Moghadam et al., 2012) found the history
of pre-eclampsia, hypertension, and infertility as suitable independent predictor variables for

PE using multivariate logistic regression analysis. The area under the Receiver Operation
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Characteristics (AUROC) was estimated to be 0.67 (95% CI 0.59-0.67, p<0.01), indicating
the efficacy of the model for the prediction. Next, Derekand-Moghadam and colleagues
(Direkvand-Moghadam et al., 2013) developed a predictive model using a history of pre-
eclampsia, hypertension, and infertility history. The area under the Receiver Operating curve
Characteristics (AUROC) was 0.67 (95% CI 0.59-0.67, p < 0.01), which showed that using

the model is much better than having a guess.

Wright and colleagues (Wright et al., 2015) developed a model showing increased risk for PE
provided by advancing maternal age, increasing weight, Afro-Caribbean and South Asian
racial origin, medical history of chronic hypertension, diabetes mellitus and systemic lupus
erythematosus or antiphospholipid syndrome, family history, and personal history of PE and
conception by in vitro fertilization. The risk for PE decreases with increasing maternal height
and in parous women with no previous PE; in the latter, the protective effect, which is
inversely related to the inter-pregnancy interval, persists beyond 15 years. A positive screen
rate of 11%, as defined by NICE, the new model predicted 40%, 48%, and 54% of cases of
total PE and PE requiring delivery at <37 and <34 weeks gestation, respectively, which were
significantly higher than the respective values of 35%, 40% and 44% achieved by application

of NICE guidelines.

Gallo et al. (Gallo et al., 2014) screened by maternal history and mean arterial pressure
(MAP) at a false-positive rate of 10%, and their detection rate of total pre-eclampsia was
49.3%. Finally, al-Rubaie and colleagues (Al-Rubaie et al., 2016) assessed the performance
of risk models. They found four simple models using parity, pre-eclampsia history, race,
chronic hypertension, and conception method to predict early-onset pre-eclampsia, achieving

the highest AUC (0.76, 95% CI 0.74-0.77).
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Al-Rubaie and colleagues (Al-Rubaie et al., 2020) again developed a model for 12,395 births
to nulliparous women in 2011-2014. There were 293 (2.4%) pre-eclampsia events. The WS
model included maternal age, body mass index, ethnicity, multiple pregnancies, family
history of pre-eclampsia, autoimmune disease, chronic hypertension, and chronic renal
disease. In the validation sample (6201 births), the model c-statistic was 0.70 (95%
confidence interval 0.65-0.75). The observed expected ratio for pre-eclampsia was 0.91, with
a Hosmer-Lemeshow goodness-of-fit test p-value of 0.20. In the entire study sample of
12,395 births, 374 (3.0%) women had a WS model-estimated pre-eclampsia risk >8%, the
pre-specified risk threshold for considering aspirin prophylaxis. Of these, 54 (14.4%)
developed pre-eclampsia (sensitivity 18% (14-23), specificity 97% (97-98)). With the NICE
screening approach, 107 (9.1%) of the 1173 (9.5%) women classified as high-risk developed
pre-eclampsia (sensitivity 37% (31-42), specificity 91% (91-92)). The final model showed
similar accuracy to the NICE approach when using a lower risk threshold of >4% to classify

women as high-risk for pre-eclampsia.

South Korea used maternal history, uterine artery Doppler indices and laboratory tests (Lee et
al., 2011) and found maternal age, maternal body mass index (BMI), prior preterm birth,
education, occupation, income, and active and passive smoking predicted preterm birth by
>90% (Lee et al., 2011). Predictors of preterm birth in Ethiopia were lack of antenatal care
visits, having 1-2 antenatal care visits, history of the previous preterm, short inter-pregnancy
interval, having reproductive tract infections, history of abortion, urinary tract infection and
hypertensive disorders in pregnancy (Regasa et al., 2021; Wakeyo et al., 2020). Attending at

least a secondary education and antenatal care was protective (Wakeyo et al., 2020).

2.5.3 Prediction of pre-eclampsia using maternal laboratory blood tests in multivariable

prediction models
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Jhee et al. developed a model using systolic blood pressure, serum blood urea nitrogen and
creatinine levels, platelet counts, serum potassium level, white blood cell count, serum
calcium level, and urinary protein (Jhee et al., 2019). C-statistics for the decision tree model,
naive Bayes classification, support vector machine, random forest algorithm, stochastic
gradient boosting method, and logistic regression models were 0.857, 0.776, 0.573, 0.894,
0.924, and 0.806, respectively. The stochastic gradient boosting model had the best prediction
performance with accuracy and a false positive rate of 0.973 and 0.009, respectively. The
combined use of maternal factors and common antenatal laboratory data of the early second
trimester through the early third trimester could effectively predict late-onset pre-eclampsia
using machine learning algorithms. However, future prospective studies are needed to verify
the clinical applicability of algorithms. Jhee et al. also used a combination of serum urea,
aspartate aminotransferase (AST), ALT, creatinine and haemoglobin levels to predict pre-
eclampsia. They got an (AUC) above 57% (Jhee et al., 2019). When uric acid, urea
thrombocytes, hematocrit, AST and leukocytes were in the regression model, Delic and

Stefanovic (Deli¢ & Stefanovi¢, 2010) classified pre-eclampsia with 83.8% accuracy.

Elevated levels of AST alone were also predictive of pre-eclampsia (Mei-Dan et al., 2013).

An albumin level < 3.3 g/dl had an adjusted risk ratio of 1.87 for the development of pre-
eclampsia (Martell-Claros et al., 2019). Yucel and Ustun (Yucel & Ustun, 2017) predicted
pre-eclampsia using mean platelet volume (MPV) and platelet crit (PCT) with AUC of 64.1%

and 71.2%, respectively.

In a review article by Duckitt and Harrington, the pre-eclampsia risk increases with a
personal or family history of pre-eclampsia, antiphospholipid antibodies, pre-existing
diabetes, multiple pregnancies, nulliparity, raised booking blood pressure, and increased
blood pressure booking body mass index and maternal age > 40 (Duckitt & Harrington,

2005). In addition, individual studies show that risk increases with an interval of 10 years or
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more since a previous pregnancy, autoimmune disease, renal disease, and chronic

hypertension.

De Kat and colleagues (De Kat et al., 2019) summarized risk factors and models for
predicting pre-eclampsia. Black race stood out as a significant risk factor in all the studies
where the communities had a mixed race. Studies by Al-Rubaie and colleagues (Al-Rubaie et
al., 2016) achieved the highest area under the curve (AUC) for predicting pre-eclampsia at

76% using maternal history.

Darkwa et al. found serum sodium and potassium significantly reduced in women with pre-
eclampsia compared to normotensive pregnant women. They concluded that changes in these
electrolytes might predict pre-eclampsia (Owusu Darkwa et al., 2017). Kashyap (Kashyap et
al., 2006) studied the Role of the anion gap and different electrolytes in hypertension during
pregnancy. They found that mean serum sodium, chloride, and bicarbonate levels were
significantly higher in proteinuric hypertensive women than in controls. However, they could
not confirm whether these findings could be used for prediction purposes and at what

gestation age these electrolytes start getting deranged.

Similarly, Girling and Dow (Girling et al., 1997) did a cross-sectional study in London in
1997. They found that the liver enzymes in average pregnant women were lower than the
reference values used for Non-pregnant women, whereas those with pre-eclampsia were
much higher. However, they did not use these values as predictive tools. Ekun and colleagues
(Ekun et al., 2018) found that the plasma sodium, total protein, and albumin in the
preeclamptics group significantly decreased compared with control the control group. In the
preeclamptic group, there was a significant increase in microalbuminuria, plasma potassium,
urea, creatinine, uric acid levels, serum AST, and ALT activities. These parameters may be

used for the prediction of PE.
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Rodriguez et al. screened 88 normotensive gravid women between 24 and 34 weeks gestation
for microalbuminuria and urinary calcium excretion (calcium/creatinine ratio) (Rodriguez et
al., 1988). PE subsequently developed in 83% of participants with a high level of micro-
albuminuria and a low calcium/creatinine ratio. They concluded that changes in renal
function are present in gravid women who are otherwise free of symptoms in whom pre-
eclampsia will eventually develop and recommended testing for micro-albuminuria and a

calcium/creatinine ratio for predicting the development of pre-eclampsia.

Vahdat et al. found that the mean urine calcium of pre-eclamptic women was significantly
lower than normotensive women, and the mean calcium to creatinine ratio was significantly
lower in pre-eclamptic women (Vahdat et al., 2012). Ozcan et al. confirmed the findings.
Therefore, they concluded that urine calcium and calcium to creatinine ratio might be a

screening test to predict pre-eclampsia (Ozcan et al., 1995).

Sultana et al. found that serum calcium levels in the first and second trimesters of gestation
were significantly higher than in the Controls. However, the value was substantially lower in
the third trimester than in the Controls and the first and second trimesters. In addition, serum
phosphate levels in the three trimesters did not show a statistically significant difference

compared to the Controls and among the pregnancy groups (Sultana et al., 2012).

Ortner et al. found that mean base excess was similar in pre-eclamptic and healthy pregnant
women (Ortner et al., 2015). Quantitative analysis of the base excesses in healthy pregnancies
revealed respiratory alkalosis and hypo-albuminaemia, metabolically offset by acidosis

(Ortner et al., 2015).

In the 1980s, a fall in the platelet count and a rise in uric acid levels were signs of PE (Fay et

al., 1985). However, these were not predictive tools for PE. Yucel and Ustun (Yucel &
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Ustun, 2017) evaluated the changes in the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), mean platelet volume (MPV), red cell distribution width (RDW),
and plateletcrit (PCT) in pre-eclampsia and their use in predicting the severity of pre-
eclampsia in Istanbul Turkey. RDW and MPV were statistically higher in the pre-eclampsia
group; PLR and PCT were lower in those with severe pre-eclampsia. They concluded that
MPV or PCT might be a useful clinical marker to predict severe Preeclampsia. In a
systematic review by Thangaratinam et al., they found that uric acid levels in women with
pre-eclampsia are a poor predictor of maternal and fetal outcomes (Thangaratinam et al.,

2011).

Maternal obesity, smoking, chronic hypertension, antiphospholipid syndrome, type 2
diabetes, and insulin requirement used in a prediction model risk calculator for stillbirth
(The_fetal_medicine_foundation, 2022), predicted stillbirths with 60 - 72% AUC, 75%
sensitivity and close to 100% specificity (Akolekar et al., 2016; Muin et al., 2022; Yerlikaya
et al., 2016). However, in maternal history and fetal growth rates, the discriminative

performance of the model had a C-statistic of 0.80 (Kayode et al., 2016).

In the United Kingdom, stillbirth detection rates ranged from 28 to 48%, with an AUC of
55.0% to 65.8% even after allowing a 10% false positive rate (Akolekar et al., 2016;

Yerlikaya et al., 2016). In Australia, the detection rate for stillbirth was 45%, with an AUC

ranging from 59% to 84% (Malacova et al., 2020). Similarly, the detection rate for stillbirth

in the United States of America has been 64% - 66% AUC (Trudell et al., 2017). Mastrodima
et al. used maternal factors, PAPP-A, uterine artery Doppler pulsatility index and ductus
venosus pulsatility index. They predicted 40% of all stillbirths and 55% of those due to

impaired placentation at a false-positive rate of 10% (Mastrodima et al., 2016).
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When using the cervicovaginal thrombospondin 1 level, Stubert et al. got 86% AUC with
94% sensitivity and 77% specificity for predicting preterm birth (Stubert et al., 2021). In
Cuba, placental alpha microglobulin-1 (PAMG-1) had 100% sensitivity and 11% specificity
(Cnota et al., 2022), with no area under the curve (AUC) recorded. Meertens et al. (Meertens
et al., 2018) found, in a systemic review, that most models had an AUC of 54% - 70% for

both the development and validation of prediction models for preterm birth.
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CHAPTER THREE: METHODS

3.1 Study setting

We researched at St. Mary’s Hospital Lacor (LacorHospital, 2020). It is a private, not-for-
profit hospital founded by the Catholic Church. It is located six kilometres west of Gulu town
along Juba Road in the Gulu district (Longitude 30 — 32 degrees East and Latitude 02 — 04
degrees North). St. Mary’s Hospital Lacor is one of the teaching hospitals of Gulu University
with a bed capacity of 482. The hospital has specialists, medical officers, midwives, nurses,

laboratory and radiology staff, and support and administrative staff.

The hospital receives over nine thousand antenatal mothers yearly and conducts about seven
thousand deliveries yearly (LacorHospital, 2020). The standard of care is the Ministry of
Health guidelines used by all the different healthcare cadres in the hospital. Where no
Uganda ministry of health guideline exists, they use the World Health Organisation (WHO)
guidelines (LacorHospital, 2020). This study was done in the general antenatal clinic run by
midwives from Monday to Friday, 8 am to 5 pm. The mothers who are found to have any
pregnancy complications are referred to the doctor on duty or the labour and delivery ward,
where there is always a doctor. The hospital manages two to five mothers with preeclampsia
weekly, translating to at least 150 mothers annually. The hospital has an accredited laboratory
for general and some specialised tests, especially haematology, serum and urine chemistry,

hormonal profile and histopathology.

The hospital has user fees for Antenatal care at five thousand (Ugx 5,000/=) (approximately
$1.5), Normal delivery at fifteen thousand (Ugx 15,000/=) (about $4.50) and Caesarean
section going for twenty-five thousand (Ugx25,000/=) (about $7.5) Uganda shillings

(LacorHospital, 2020).
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3.2 Study Design

This research was a Prospective cohort study.

3.3 Target population

We targeted all pregnant women attending antenatal care at St. Mary’s Hospital Lacor.

3.4 Selection Criteria
3.4.1 Inclusion criteria

While all expectant mothers attending antenatal care at St. Mary’s Hospital Lacor were
eligible, we gave those mothers whose pregnancies were less than 16 weeks a return date for
the recruitment. We included women of gestational age of 16 to 24 weeks and those who

gave informed written consent to participate in the study.

3.4.2 Exclusion criteria
We excluded women carrying fetuses with lethal congenital anomalies and those with

preeclampsia at the time of recruitment.

3.5 Sample size estimation
Using Yamane’s 1967 formula (V. Kasiulevicius et al., 2006)

Sample size  n=N/1+Ne?

Where N is the finite population size of 7,000 mothers who come for ANC annually
The margin of error (e) 5%
Therefore n = 7,000 / 1+7,000(0.05)?

n =379

The required sample size was 379 mothers per sub-study and 1,137 from three sub-studies.

Using the online tool for calculating sample size for cohort studies (Riley et al., 2020), the ten

known predictors of adverse pregnancy outcomes from literature (obesity, nulliparity,



personal history of preeclampsia, family history of preeclampsia, prenatal hypertension, early
menarche and cigarette smoking, high pulsatility index, high resistive index, end-diastolic
notch) and global prevalence of preeclampsia estimated at 4.6% (Abalos et al., 2013), we
estimated the power at 80%, the confidence level of 95% and margin of error at 5%.
Therefore, the sample size was five hundred eighty (580) mothers. Since 580 was way above
the 379 mothers, all the mothers were to be recruited for all three sub-studies. However, since
it is documented that the hospital delivery rate is 55% in northern Uganda (Ediau et al.,
2013), we doubled the sample size to cater for loss to follow-up or withdrawal from the
study. That left us with a sample size of 1,160 pregnant mothers. When using the Riley
method (Riley et al., 2020) to calculate sample size for a prediction model development, the
more predictors, the bigger the sample size. Other objectives had less than ten predictors, so
they would have had a smaller sample size. So, we chose one higher sample size for all the
objectives and recruited the same participants to enable us to merge the different objectives

during model development.

Research Paradigm

This was a quantitative research and a positivist paradigm, with the belief that there is an
objective reality that can be studied using systematic, observable and measurable means to
uncover the universal laws and principles governing the physical world (Bourdeau, 2008;

Neuman, 2013).

3.6 Data collection procedure

We used consecutive sampling. We informed the mothers about the study during their
morning health education meeting on arrival at the hospital. All the women who satisfied the
inclusion criteria were approached and requested to give informed consent. All the mothers

had their history, physical examination, and uterine artery Doppler ultrasound done. The
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mothers recruited after the 1,000t mother did not undergo laboratory tests for logistical

reasons. Details are in Figure 3.

Mother satisfy the inclusion
criteria (Start April 3 2019)

!

Approached, requested and given
written informed consent

I
v v v
Researcher administered Laboratory tests for full Uterine artery Doppler indices
questionnaire for maternal haemogram, serum to obtain the pulsatility index,
characteristics and electrolytes, liver and renal Resistive index and the end
physical examination function tests diastolicnotch

!

Mothers advised to
continue prenatal care
as scheduled

l

Labour and delivery, mother and fetal
wellbeing assessed. At delivery,
pregnancy outcome recorded (End 30t
September 2020)

Figure 3: Data collection procedure

3.6.1 Maternal history and Physical Examination
The mothers got questionnaires about their personal history administered by a research
assistant (midwife) who helped them understand the questions, fill in their answers, and take

their weight and height (to calculate body mass index BMI) and blood pressure.

3.6.2 Laboratory tests

The urine sample: The mother was given a urine bottle and instructed to open the bottle,
collect midstream urine, and tighten the bottle cap. She brought the urine sample to the
research assistant. The Research assistant dipped the Uri stick into the urine sample and read

the results after one minute for the presence of protein, glucose, pH, bilirubin, blood, nitrites,
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ketones, specific gravity, and leucocytes, and recorded the results. The urine sample was

immediately taken to the laboratory for centrifugation and Microscopy for casts and detection

of other cells.

Blood sample: A total of six millilitres of blood was collected. Three millilitres of the blood

were put in an EDTA (purple top bottle) and used for full haemogram. The remaining blood

sample was placed in a clean vacutainer (red-top bottle), allowed to clot, and used to test for

serum electrolytes and liver and renal function tests. We stored the remaining blood and sera

in the laboratory refrigerator for any other tests requested for the same patient by the hospital

clinical team managing her.

The complete blood count: We put the blood sample in the EDTA bottle in an automated
coulter counter, which analyzed it and printed out the results. We shared the result with the

patient, and the principal investigator stored a copy.

Renal function test: we used the serum from the red-top bottle to quantify serum urea,
creatinine, and electrolytes — sodium, chloride, potassium, calcium, phosphorus, and

bicarbonates.

Liver function test: We used another portion of the serum from the red top bottle for
guantifying total bilirubin, alanine transaminase (ALT), aspartate transaminase (AST),

alkaline phosphatase (ALP), gamma-glutamyl transpeptidase (GGT), and albumin.

3.6.3 Ultrasound examination

The mothers were requested to empty their urinary bladder and lie supine on the examination
couch. One Obstetrician & Gynaecologist (trained in advanced obstetric ultrasound
equivalent to a diploma at McMaster University, Ontario, Canada) performed the uterine

artery Doppler sonography trans-abdominally at 16 to 24 weeks, according to the
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international society of ultrasound in obstetrics and gynaecology (ISUOG) guidelines
(ISUOG, 2010, 2013), from April 2019 to March 2020 using Logiq V2 ultrasound with a
curvilinear transducer 3-5 MHz. If the mother felt uncomfortable during the ultrasound

examination, we requested her to lie left lateral or on any side until she felt comfortable.

We measured cervical length trans-abdominally and noted any adnexal masses. In addition,
we had a foetal anatomical survey, biometry, fetal heart rate, and calculated amniotic fluid
index. The ultrasound probe was placed longitudinally in the lower lateral quadrant of the
abdomen and angled medially. We used colour flow mapping to identify the uterine artery as
it crosses the external iliac artery. The Doppler sample volume was adjusted to 2 mm and
placed about 1 cm downstream on the uterine artery from this crossover point. We corrected
the angle of insonation to less than 30 degrees before getting the waveforms. In addition, we
obtained automated measurements of the waveforms for pulsatility (P1) and resistive indexes
(R1) from the ultrasound machine and observed them for end-diastolic notching (ISUOG,
2013). Finally, we repeated the exact process for the contralateral uterine artery. Figure 1
shows the appearance of the Doppler flow tracing we obtained from some of the participants
we examined. We did Five to ten ultrasound scans daily from Monday to Friday and not more
than fifty scans weekly. Pictures of the relevant structures were saved on the hard drive of the

ultrasound machine and then later transferred to an external drive.

3.6.4 Validity, reliability and quality assurance

For quality assurance, Dr Rosemary Byanyima from the Department of Radiology at Mulago
National Referral Hospital examined the soft copies of 10% of the Doppler sonography
waveforms selected randomly and advised accordingly. Validity and reliability of the
research result were ensured by strictly adhering to the standard operating procedure set for

the research and following the international guidelines for uterine artery Doppler sonography.
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3.6.5 Follow up

We advised the mothers to continue their routine antenatal care every four weeks as
scheduled by the hospital or return to the hospital each time they were not feeling well. They
were encouraged to deliver in the Hospital. These were not research-related visits. Each time
they returned to the hospital, their weight, blood pressure, fundal height, and fetal heart rate
were checked; any discomfort or illness experienced since the last visit was explored. The

research team only waited for the time for admission for labour and delivery.

3.6.6 Labour and delivery

We assessed their urine protein, blood pressure, weight, and fundal height in labour. We
recorded at delivery the baby’s sex, birth weight, Apgar score, and other associated
complications (need for resuscitation, antibiotics, IV fluids, blood transfusion, oxygen
therapy). We also assessed the mother for difficulties (need for resuscitation, antibiotics,
intravenous fluids, blood transfusion, and oxygen therapy). We examined the placenta under
flowing water. We noted the following: Weight of the placenta, Color of the placenta (on the
fetal side), Number of cotyledons seen, Extra lobes of the placenta, Cord insertion — central
or eccentric, and Cord appearance, coils, and true knots. The total duration of hospital stay
and treatment received was also recorded. We followed the participants while they were
admitted to the hospital. The mother and baby were discharged from the study on discharge

from the hospital or death.

3.7 Duration of the study:
The research started on 3™ April 2019 and ended on 30" September 2020. The first twelve
months were for recruitment, and the rest was for follow-up. Therefore, the total duration of

the study was eighteen months.
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3.8 Data management procedure

3.8.1 Variables collected
Predictors: A guestionnaire was completed for social demographic characteristics, physical
examination and laboratory tests (complete blood count, urinalysis, and liver and renal
function tests), fetal ultrasound anatomy survey, and uterine artery Doppler indices (for
Pulsatility index, resistive index, and end-diastolic notch).
Outcomes:
(M Preeclampsia by the time of delivery (or pregnancy termination).
(i) Other adverse pregnancy outcomes were stillbirth, low birth weight < 2.5 kg, and
preterm birth.
3.8.2 Data analysis plan
The study population was analyzed using descriptive statistics as follows:

1. The participants were characterized based on their social demographic characteristics,
physical examination findings, laboratory findings, and ultrasound findings using
proportions.

2. Determined the incidence of preeclampsia and adverse pregnancy outcomes using
percentage

3. Compared the baseline sonographic, laboratory and maternal characteristics of the
participants: Those with and those without preeclampsia and adverse pregnancy
outcomes using t-tests, Mann-Whitney test and Pearson’s chi-square test

4. Did univariable analysis to determine the characteristics associated with the adverse
pregnancy outcomes. The characteristics with p-value <0.20 were taken for
multivariable analysis.

5. Did multivariable analysis to find out whether the characteristics are independent

predictors of preeclampsia and adverse pregnancy outcomes.

33



6. Developed models for the prediction of adverse preghancy outcomes using maternal
demographic and clinical findings, laboratory findings, uterine artery Doppler indices
and a combination of the characteristics

7. 1 validated the models using K (10)-fold cross-validation for accuracy, sensitivity, and
specificity of the area under receiver operating characteristic (AUC-ROC) curves.

8. Characteristics with p-value <0.05 were independent predictors of preeclampsia and

adverse pregnancy outcomes.

3.8.3 Statistical analysis

The datasets were preprocessed in Stata 15, and models were built in RStudio. We combined
all four datasets for maternal characteristics, uterine artery Doppler indices, laboratory tests,
and pregnancy outcomes. We applied the t-test and Mann-Whitney tests to compare means
and medians, respectively, and Pearson’s chi-square to compare proportions for categorical
variables of those retained in the study and those lost. We also calculated the ratios of women
who got preeclampsia and stillbirth at different gestation ages (in weeks). Finally, we

analysed univariable and got unadjusted p-values for every variable collected.

We added all variables with p-values <0.20 or known risk factors for adverse pregnancy
outcomes to a logistic regression model in RStudio. Stepwise, we removed the non-
statistically significant predictors in the logistic regression model. We retained the
independent risk factors for preeclampsia and adverse pregnancy outcomes for different
variables (maternal history and physical examination, uterine artery Doppler indices and

laboratory tests). We used these variables to build the models of choice.

The preeclampsia, stillbirth, low birth weight and preterm birth (cases) distribution revealed
imbalances in the number of cases and controls. Few mothers with preeclampsia, stillbirth,

low birth weight and preterm birth (cases) compared to those without (controls). Such
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occurrence often biases prediction models and classification of cases. The remedy was to
include the treatment of imbalances in the data sets by using random oversampling examples

(ROSE) (Nicola Lunardon, 2014) to overcome the drawbacks of over-and under-samplings.

We applied the ROSE technique to the combined datasets and obtained a distribution of:
¢ Normotensive and preeclampsia cases as 399 (51.0%) and 383 (49.0%), respectively
e Live births and stillbirth cases as 400 (51.1%) and 383 (48.9%), respectively
¢ Normal and low birth weights at term as 349 (51.2%) and 332 (48.8%), respectively

e Term and preterm births as 394 (50.9%) and 380 (49.1%), respectively

We built models from each data sub-group and a combination of sub-groups from the original
datasets. In addition, we built similar validation models using the synthetic dataset derived
from the ROSE package. Finally, we evaluated the models using K (10)-fold cross-validation
into a confusion matrix to obtain the AUC's accuracy, sensitivity, and specificity. We also got
the models’ coefficients, risk ratio, and McFadden’s pseudo R? for the model's goodness of
fit. For example, the variables were considered independent risk factors for preeclampsia if
their p-value <0.05 in the model. The models also had a good fit if McFadden’s pseudo-R2

value was between 0.2 and 0.4.

The choice of the statistical method used

The type of statistical analysis used depended on the incidences of adverse pregnancy
outcomes and not the dataset collected for the different sub-studies to predict preeclampsia
and adverse pregnancy outcomes using maternal history, uterine artery Doppler sonography
and laboratory blood tests. The imbalance in the dataset makes the prediction model

development difficult because of the risk of overfitting (Demsar & Zupan, 2021).
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3.9 Limitations of the study

St. Mary’s Hospital Lacor had no electronic medical records, so we could not verify some
past medical history. In addition, patients were not motivated by transport refunds or
covering hospital bills. The study also coincided with the COVID-19 pandemic lockdowns.
These lockdowns increased the number of those lost to follow-up. We used the information
we got during recruitment without verifying anything and left out those lost to follow up on

the final analysis.

3.10 Dissemination of results

The results of this study are published in peer-reviewed journals. The original document used

in the data collection is being kept safe by the PhD student.

3.11 Ethical consideration

Makerere University School of Medicine Research and Ethics Committee (Reference number
2018-105) and Uganda National Council for Science and Technology (Reference number
HS258ES) approved the study. We obtained administrative clearance to research at St.
Mary’s Hospital Lacor (Reference number LHIREC Adm 009/11/18). The midwives
informed the participants about the study during the morning health education when they
arrived at the hospital. Those who satisfied the inclusion criteria were approached and
requested informed consent. We sought written informed consent from every participant in
either English or Acholi language. Those with lethal congenital anomalies were referred to

the hospital obstetrician on duty for further management.
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CHAPTER FOUR: RESULTS
4.0 Introduction
We recruited 1,285 participants, and 1,004 deliveries were obtained at St. Mary’s Hospital
Lacor. By the end of the study period, two hundred eighty-one (281) participants were lost to

follow-up, details in Figure 4.

Mothers recruited N=1285
(n=1000 had lab tests)

Excluded 281 (Lost |

to follow-up) |
Complete delivery
Excluded 222 record N=1004 Excluded 317
(No Lab) P | (PB & No Lab)
<-| aptler I—>
4 v
Doppler, Lab, Demo Term delivery
N=782 N=687
¥ ¥ ¥ +
Prediction - PE || Prediction - PB || Prediction - SB Prediction - LBW
Paperll — PaperV — Paper lll Paper |V
PE No PE PBN=90 || NoPB SB No SB LBW No-LBW
N=35 N=747 AbN=5 N=687 N=19 N=763 N=39 N=648

Figure 4: Flow chart of participants through the study

4.1 Maternal characteristics in the second trimester

Of the mothers recruited, the mean maternal age was 26 years, ranging from 15 to 47 years;
1,173 (91.3%) were from 18 to 35 years. The average parity was 1.5, with a range of 0 — 9.
Only 0.2% (2 out of 1,285) had smoked cigarettes in their lifetime and were no longer
actively smoking at the time of recruitment. The prevalence of prenatal hypertension was
0.5% (7 out of 1,285) without proteinuria, and 25.9% of participants had an end-diastolic
notch (11.0% bilateral and 14.9% unilateral notches). The 95™ percentile pulsatility index
(PI) and resistive index (RI) were 1.34 and 0.69, respectively. The prevalence of leucocytosis

(white blood cell count above 11000 per microliter) was 2.3%. Details are in Table 1.
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Table 1: Maternal characteristics at recruitment

Characteristics (n=1,285)

Maternal age >35years 111
Maternal age <35 years 1,174 914
. Single 22 1.7
Married / cohabiting 1,263 98.3
Nulliparity 412 321
Marital StatusHistory of miscarriage 253 19.7
Multigravida 873 67.9
Unemployed 429 334
Informal Employment 777 60.5
Formal (salaried job) 79 6.2
113 8.8
No previous history of preterm birth 760 59.1%
Personal history of preeclampsia mean (sd)15 1.2
No Personal history of preeclampsia 858 66.7
No Family history of preeclampsia 1,239 96.4
Family history of preeclampsia 46 3.6
Presence of a chronic illness 113 8.8
Body mass index >26.56Kgm 322 25.1
Body mass index <26.56Kgm-2 963 74.9
Diastolic Hypertension >90mmHg 34 3.3
Multiple pregnancies 28 2.2
Singleton pregnancy 1,257 97.8
No End diastolic notch 953 74.2
Unilateral end diastolic notch 191 14.9
Bilateral end diastolic notch 141 11.0
Average pulsatility index >1.34 66 5.1
Average pulsatility index <1.34 1,219 94.9
Average Resistive index >0.69 56 4.4
Average Resistive index <0.69 1,229 95.6
Maternal Laboratory tests (n=1000)
Serum ALP >98 IU/L 962 96.2
Serum ALP <98 IU/L 38 3.8
Serum albumin <3.5mg/dL 224 224
Serum albumin 3.5 - 4.1mg/dL 714 714
Serum albumin >4.1mg/dL 62 6.2
Lymphocyte Count <900 cells/pl 51 51
Lymphocyte Count 900-3900 cells/pl 931 93.1
Lymphocyte Count >3900 cells/pl 18 18
Total White blood cell count >11000cell/pul 16 1.6
Haemoglobin level <11.0g/dL 515 515
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4.2 Maternal retention to prenatal care

The mothers who were lost to follow-up were more likely to be younger and unemployed,

with a lower body-mass index. The details are in Table 2.

Table 2: Comparison of characteristics of individuals retained in the study versus those

lost to follow—up

Characteristics Retained = 1004 (n, %) Lost =281 (n, %) p-value
maternal age >35 years 86 (86.5%) 15 (13.5%) 0.026
maternal age <35 years 908 (77.3%) 266 (22.7%)
Unemployed 311 (72.5%) 118 (27.5%) 0.000
Informal Employment 620 (79.8%) 157 (20.2%)
Formal Employment 73 (92.4%) 6 (7.6%)
Body mass index mean (sd) 24.7 (3.9) 23.7 (3.1) 0.000
Multiple pregnancies 26 (92.9%) 2 (7.1%) 0.057
Singleton 978 (77.8%) 279 (22.2%)
Average pulsatility index >1.34 0.097
Average pulsatility index <1.34 947 (77.7%) 272 (22.3%)
Maternal Laboratory tests Retained = 782 Lost =218 p-value
Serum ALT mean (sd) 30.6 (27.7) 27.9 (23.9) 0.174
Lymphocyte Count mean (sd) 1.8 (0.9) 1.9 (1.5) 0.095

4.3 Pregnancy outcomes of the participants retained to care
PE, preterm birth, low birth weight, and stillbirth incidence were 4.3%, 11.8%, 11.5%, and
2.5%, respectively. The overall perinatal death rate was 3.9%. The details are in Table 3. The

estimated blood loss at delivery was subjective; any mother with a diagnosis of postpartum

haemorrhage was assumed to have lost at least 500 millilitres of blood.
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Table 3: Pregnancy outcome of participants

Variable Frequency n=1004 Percentage
Hypertension Bp >=140/90mmHg

No Hypertension Bp <140/90mmHg 939 95.5
Preeclampsia Present 43 95.7
Preeclampsia absent 961 4.3
Caesarean delivery 198 19.7
Normal delivery 806 80.3
Estimated blood loss <500 ml

Estimated blood loss >=500 ml 71 7.1
preterm <37weeks 128 12.8
Term =37 876 87.2
Birthweight (Kg) <2.5

Birthweight (Kg) >2.5 889 88.5
Apgar score of 0/10 at one minute - Dead (Stillbirth)

Apgar score of 1-7/10 at one minute Asphyxia 107 10.7
Apgar score of 8-10/10 at one minute

Babies who had resuscitation at birth

Babies who had no resuscitation at birth 747 744
Condition of the baby on discharge from the hospital -Dead 39 3.9
Condition of the baby on discharge from the hospital -Sick 44 44
NormalCondition of the baby on discharge from the hospital -

Normal 921 91.7

4.4 Pre-eclampsia

Pre-eclampsia developed in 43 out of 1004 (4.3%) who returned to deliver in the hospital.
However, the overall incidence was higher among those who delivered preterm and lower in

term deliveries.

4.4.1 Incidence of preeclampsia
In Table 4, the classification of preeclampsia was made according to FIGO (Poon et al.,
2019). The calculations were made in ten thousand (10,000) women weeks to produce whole

numbers, which are easier to compare. The incidence of pre-eclampsia was 68 per 10* women
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weeks at <34 weeks and 9 per 10* women weeks at >34 weeks. That was even lower at term

with 9 per 10* women weeks.

Table 4: Incidence of preeclampsia

Incidence of
preeclampsia per

Variables N Diseased | % (95% CI) 10* women weeks
Overall preeclampsia

No preeclampsia 961 0 95.7% (94.3% - 96.9%) 0
Number with preeclampsia 43 43 4.3% (3.1% - 5.7%) 11 (8 - 15)
Early and late-onset preeclampsia

Early onset preeclampsia <34

weeks 35 7 20% (8.4% - 36.9%) 68 (29 - 126)
Late-onset preeclampsia (Delivery

at >34 weeks) 969 36 3.7% (2.6% - 5.1%) 9(7-13)
Preterm and term preeclampsia

Preterm preeclampsia (Delivery at

<37 weeks) 128 21 16.4% (10.5% - 24.0%) 48 (31 -71)
Term preeclampsia (Delivery at >

37 weeks) 876 22 2.5% (1.6% - 3.8%) 6 (4 - 10)

4.4.2 Comparison of second-trimester characteristics of participants who developed

preeclampsia and those who did not

The mean Pl was 1.092 (95% CI 0.935-1.248) for those who developed PE and 0.796 (95%

C10.77 - 0.813) for those who did not, with a p<.001. The significant differences in maternal

characteristics among those who developed preeclampsia and those who did not are listed

below. Those who developed preeclampsia were more likely to have a history of

preeclampsia, higher body mass index, blood pressure, white blood cell count, neutrophil and

lymphocyte count, and a low GGT level. Details are in Table 5.
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Table 5: Recruitment characteristics of those with preeclampsia and controls

Characteristics Normal N=961 Preeclampsia N=43 p-value

No history of preeclampsia

Maternal history of preeclampsia 7 (50.0%) 7 (50.0%) 0.000
Body mass index mean (sd) 24.6 (3.8) 26.6 (5.3) 0.001
Diastolic blood pressure mean (sd) 63.7 (10.2) 71.7 (12.1) 0.000
Multiple pregnancies 21 (80.8%) 5 (19.2%)

Singleton 940 (96.1%) 38 (3.9%) 0.000
No end diastolic notch 717 (97.7%) 17 (2.3%)

Unilateral end diastolic notch 147 (94.2%) 9 (5.8%) 0.000
Bilateral end diastolic notch 97 (85.1%) 17 (14.9%)

Average pulsatility index mean (sd) 0.80 (0.28) 1.09 (0.51) 0.000
Average Resistive index 0.74 (0.11) 041-21) 0.000
Lymphocyte Count mean (sd) 1.18 (0.82) 2.33 (2.13) 0.001
Total White blood cell count mean (sd) 6.23 (2.06) 7.93 (10.12) 0.001

4.4.5 Adverse Pregnancy outcomes associated with preeclampsia

Univariable analysis was done. Preeclampsia was associated with preterm birth, low birth

weight, stillbirth, caesarean section delivery and postpartum haemorrhage. At multivariable

analysis, the mothers who developed preeclampsia were more likely to deliver preterm, get a

stillbirth or have profuse blood loss at delivery. Having preeclampsia did not affect the mode

of delivery and birth weight. Details are in Table 6.

Table 6: Unadjusted and adjusted pregnancy outcomes associated with preeclampsia

Unadjusted pregnancy outcomes associated with preeclampsia

Variable Unadjusted OR (95% CI) p-value
Stillbirth (Apgar score 0 at 1 minute) 10.19 (3.76 - 25.05) 0.000
Blood loss estimate > 500 ml (PPH) 3.84 (1,67 - 8.05) 0.001
Preterm <37 weeks 7.62 (4.04 - 14.36) 0.000
Low birth weight <2.5Kg 5.17 (2.56 - 10.03) 0.000
Caesarean mode of delivery 1.85(0.92 - 3.55) 0.071
Adjusted pregnancy outcomes associated with preeclampsia

Preterm <37 weeks 5.70 (2.91 - 11.15) 0.000
Stillbirth (Apgar score 0 at 1 minute) 5.25 (1.89 - 14.63) 0.002
Blood loss estimate > 500 ml (PPH) 3.75 (1.65 - 8.55) 0.002
Intercept 0.02 (0.01 - 0.03) 0.000
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4.4.6 Prediction of preeclampsia at St. Mary’s Hospital Lacor

4.4.6.1 Unadjusted p-values for prediction of preeclampsia

Maternal history and physical examination showed a significant relationship between

preeclampsia and a personal history of preeclampsia, diastolic and systolic hypertension, and

multiple pregnancies. All the uterine artery Doppler indices were significantly related to

preeclampsia. Serum alkaline phosphatase <98 IU/L, albumin <3.5mg/dL, white blood cell

count of >11000 cells/pl, and lymphocyte count of 800 — 4000 cells/pl also had a significant

relationship with preeclampsia. Details are in Table 7.

Table 7: Unadjusted p-values for prediction of preeclampsia

Unadjusted Odds Ratio (95% p-
Variable o)) value
Maternal history and physical examination
Maternal age >35 years 1.57 (0.64 - 3.82) 0.321
Paral-2 1.53(0.60-3.90)| 0.376
Nulliparity 2.39 (0.94-6.08) | 0.068
Personal history of preeclampsia 26.50 (8.83 - 79.55) 0.000
BMI of 21.92 - 26.56 Kg/m? 0.63 (0.26 - 1.51) | 0.299
BMI of > 26.56Kg/m? 2.20(0.99 -4.88) | 0.052
Diastolic blood pressure > 90 mmHg 6.75 (2.35 - 19.40) 0.000
Systolic hypertension >140mmHg 17.89 (3.87 - 82.60) 0.000
Multiple pregnancies 5.89 (2.11 - 16.46) 0.001
Uterine artery Doppler indices and sonography
Average pulsatility index > 1.34 7.88 (3.80 - 16.36) 0.000
Average resistive index > 0.69 4.77 (2.46 - 9.24) 0.000
Unilateral end-diastolic notch 2.58 (1.13-5.91) 0.025
Bilateral end-diastolic notch 7.39 (3.65 - 14.96) 0.000
Maternal Laboratory tests
Serum ALP <98 iu/L 5.02 (1.79 - 14.07) |  0.002
Serum albumin 3.5-4.1mg/dI 1.61 (0.58 - 4.42) 0.359
Serum albumin <3.5mg/dI 2.96 (1.03 - 8.49) 0.043
White cell count of (4.0 - 11.0)*10° 0.70 (0.26 - 1.87) |  0.480
White cell count of (> 11.0)*103 5.87 (1.38-24.92) | 0.017
Lymphocyte count of (0.8 - 4.0)*10° 0.35(0.13 - 0.94) 0.038
Lymphocyte count of > 4.0%10° 2.63 (0.62-11.14)| 0.190
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4.4.6.2 Models for prediction of preeclampsia
Six models were built from maternal history and physical examination, uterine artery Doppler
sonography indices, maternal laboratory blood tests and the combinations of the different

datasets.

In Table 8, maternal age > 35 years, nulliparity, personal history of preeclampsia, body mass
index over 26.5Kg/m2, diastolic hypertension, and multiple pregnancies were independent
risk factors for preeclampsia in model 1. The average pulsatility index >1.34 and bilateral
end-diastolic notch were independent risk factors for preeclampsia in model 2. Maternal age
> 35 years, nulliparity, personal history of preeclampsia, BMI > 26.5, diastolic hypertension,
and end-diastolic notch remained the independent risk factors for preeclampsia used to build
this model 3. The independent risk factors for preeclampsia were a total white blood cell
count of over 11,000 cells per microliter and serum ALP <98 IU. In addition, lymphocyte

count within the normal range was protective against preeclampsia in model 4.
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Table 8: Models for prediction of preeclampsia

Variable \

Odds Ratio
Model 1, Maternal history and physical examination (95% CI)
Maternal age > 35 years 4.69 (1.28 - 16.36) 0.020
Paral-2 2.36 (0.72 - 8.71) 0.175
Nulliparity 6.13 (1.68 - 26.05) 0.009
Personal history of preeclampsia 53.01 (12.8 - 163.7) 0.000
BMI of 21.92 - 26.56 Kg/m? 1.01 (0.33 - 3.51) 0.993
BMI of > 26.56Kg/m? 3.70 (1.31 - 12.54) 0.021
Diastolic blood pressure > 90 mmHg 5.66 (1.47 - 18.26) 0.006
Multiple pregnancies 5.16 (1.07 - 18.45) 0.020
Intercept 0.00 (0.00 - 0.02) 0.000
Model 2, Uterine artery Doppler indices for prediction of preeclampsia
Unilateral end-diastolic notch 2.39 (0.92 - 5.78) 0.060
Bilateral end-diastolic notch 3.71 (1.30 - 9.81) 0.010
Average pulsatility index > 1.34 3.41 (1.22 - 9.48) 0.018
Intercept 0.03 (0.01 - 0.04) 0.000
Model 3, Combined maternal history and uterine artery Doppler indices
Maternal age > 35 years 4.93 (1.29 - 18.27) 0.017
Paral-2 2.13 (0.63 - 8.17) 0.244
Nulliparity 4.39 (1.19 - 19.54) 0.036
Personal history of preeclampsia 36.88 (8.40 - 178.40) 0.000
BMI of 21.92 - 26.56 Kg/m? 1.03(0.33 - 3.71) 0.957
BMI of > 26.56Kg/m? (4th quadrant) 3.42 (1.17 - 11.97) 0.034
Diastolic blood pressure > 90 mmHg 4.39 (1.06 - 15.21) 0.027
Multiple pregnancies 6.22 (1.29 - 18.27) 0.015
Unilateral end-diastolic notch 2.39 (0.85 - 6.30) 0.083
Bilateral end-diastolic notch 4.40 (1.68 - 11.29) 0.002
Intercept 0.00 (0.00 - 0.02) 0.000
Model 4, Maternal laboratory characteristics for prediction of preeclampsia
White cell count of (4.0 - 11.0)*103 1.18 (0.40 - 4.25) 0.780
White cell count of (> 11.0)*103 7.38 (1.11 - 46.17) 0.033
Serum ALP <98 iu/L 5.84 (1.78 - 16.39) 0.001
Serum albumin 3.5-4.1mg/dl 2.01 (0.74 - 6.60) 0.247
Serum albumin <3.5mg/dI 2.84 (0.97 - 9.67) 0.080
Serum urea 11.0 - 44.0 iu/L 4.30 (0.83 - 80.02) 0.158
Serum urea <11.0 iu/L 8.00 (1.02 - 169.30) 0.074
Lymphocyte count of (0.8 - 4.0)*103 0.29 (0.10 - 1.06) 0.041
Lymphocyte count of > 4.0%10° 1.30 (0.19 - 7.91) 0.705
Intercept 0.01 (0.00 - 0.06) 0.000
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Maternal age > 35 years, nulliparity, personal history of preeclampsia, BMI > 26.5K g/m2,

diastolic hypertension, white blood cell count over 11,000, and serum ALP <98 IU were

independent risk factors for preeclampsia used to build this model. Maternal age > 35 years,

personal history of preeclampsia, BMI > 26.5 kg/m2, diastolic hypertension, bilateral end-

diastolic notch, and serum ALP <98 IU were independent risk factors for preeclampsia.

Details are in Table 9

Table 9: Combination of characteristics for prediction of preeclampsia.

Variable Odds Ratio (95% CI) | p-value
Maternal history and laboratory tests

Maternal age Over 34 years 3.88 (1.01 - 14.32) 0.043
Paral-2 2.62 (0.77 - 10.15) 0.140
Nulliparity 6.32 (1.69 - 28.11) 0.010
Personal history of preeclampsia 48.09 (11.11 - 227.25) 0.000
BMI of 21.92 - 26.56 Kg/m? 1.06 (0.34 - 3.74) 0.923
BMI of > 26.56Kg/m? 4.41 (1.49 - 15.45) 0.012
Diastolic blood pressure > 90 mmHg 7.24 (1.85 - 24.32) 0.002
White cell count of (4.0 - 11.0)*103 0.52 (0.18 - 1.74) 0.241
White cell count of >11.0*10° 6.40 (1.13 - 33.82) 0.028
Serum ALP <98.0 iu/L 7.77 (2.04 - 25.38) 0.001
Intercept 0.01 (0.001 - 0.03) 0.000
Model 6, Maternal history, Doppler indices and laboratory tests

Maternal age > 35 years 3.88 (0.94 - 15.44) 0.056
Paral-2 2.56 (0.73 - 10.62) 0.144
Nulliparity 4.25 (1.08 - 20.18) 0.051
Personal history of preeclampsia 32.75 (6.59 - 182.05) 0.000
BMI of 21.92 - 26.56 Kg/m? 1.09 (0.34 - 3.98) 0.888
BMI of > 26.56Kg/m’ 3.86 (1.25 - 14.15) 0.027
Diastolic blood pressure > 90 mmHg 4.90 (1.15 - 18.01) 0.022
Unilateral end-diastolic notch 2.36 (0.81 - 6.39) 0.100
Bilateral end-diastolic notch 4.54 (1.65 - 12.20) 0.003
White cell count of (4.0 - 11.0) *108 cells /ul 0.85 (0.24 - 3.49) 0.807
White cell count of >11.0 *10° 8.43 (0.92 - 70.62) 0.050
Serum ALP <98 iu/L 7.14 (1.76 - 24.45) 0.003
Lymphocyte count of (0.8 - 4.0) *10° 0.29 (0.08 - 1.22) 0.074
Lymphocyte count of >4.0%103 0.84 (0.09 - 6.96) 0.876
Intercept 0.01 (0.00 - 0.06) 0.000
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4.4.9 Evaluation of the Models for prediction of preeclampsia

We evaluated the models using K-fold cross-validation to obtain the classification measures:
accuracy, specificity, sensitivity, and AUC, and we presented the performance of each model
in Table 10. In general, the overall classification accuracy of the models is at least 66%, and
the sensitivity is over 73%. Models 1, 3, 5, and 6 had McFadden’s pseudo-R-squared value
between 0.2 — 0.4, so they had a good fit. They can be used independently for screening for
preeclampsia. Therefore, while screening for preeclampsia in antenatal clinics, one can use
maternal history and physical findings only or in combination with uterine artery Doppler
sonography, blood tests, or both. The uterine artery Doppler indices or blood tests are
unsuitable for use alone since their models are not a good fit with McFadden’s pseudo-R?
<0.2.

Table 10: Model performance evaluation using K-fold cross-validation

Model Acc (%) | Sens (%) | Spe (%) | AUC (%) | McF
Model 1 (History and physical exam) 66.6 82.7 49.9 78.4 0.21
Model 2 (Uterine artery Doppler indices) 68.8 73.7 63.7 714 0.09
Model 3 (Combination of models 1 and 2) | 76.0 78.2 73.6 80.4 0.25
Model 4 (Maternal blood tests) 67.1 76.9 56.9 75.6 0.11
Model 5 (combination of models 1 and 4) | 72.7 84.0 61.1 82.2 0.26
Model 6 (Combination of models 3 and 4) | 77.0 80.2 73.6 84.9 0.30

Acc=accuracy, Sens=sensitivity, Spe=specificity, AUC=area under curve,

McF=McFadden’s pseudo R?
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4.5 Low birth weight at term

We recruited one thousand pregnant mothers. Six hundred eighty-seven (687) mothers
delivered at term. Three hundred thirteen (313) mothers were lost to follow-up or delivered
preterm, dropped and not used in the data analysis. The prevalence of birth weight < 2.5 kg at

term was 5.7% (39 out of 687). The details are in Figure 4.

4.5.2 Unadjusted estimates of the variables against low birth weight.
In Table 11, being nullipara or prime gravida was significantly related to low birth weight at
term. Lateral placental location, an end-diastolic notch and lymphocyte count (900 - 3900

cells/pl) were significantly related to low birth weight at term.

Table 11: Unadjusted relationships with low birth weight at term

Variable IRR (95% CI) p-value
Primi gravida 4.82 (1.13 - 20.49) 0.033
Gravida 2-4 2.91 (0.69 - 12.19) 0.144
Nullipara 2.71 (1.04 - 7.12) 0.042
Paral-?2 1.67 (0.63 - 4.45) 0.303
Secondary level of education 1.01 (0.54 - 1.90) 0.975
Tertiary level of education 0.48 (0.17 - 1.42) 0.186
Body mass index >25 Kgm 0.57 (0.29 - 1.11) 0.098
Diastolic hypertension >90mmHg 2.15 (0.57 - 8.15) 0.260
Lateral placental location 3.66 (1.85 - 7.23) 0.000
Unilateral end-diastolic notch 247 (1.25 - 4.87) 0.009
Bilateral end diastolic notch 2.73 (1.26 - 5.92) 0.011
Lymphocyte count of 900 - 3900 cells/pl 0.38 (0.16 - 0.93) 0.033
Lymphocyte Count >3900 cells / pl 2.17 (0.68 - 6.96) 0.192

4.5.3 Risk prediction models for low birth weight at term

In Table 12, model 1, being a Primi gravida, was the only independent risk factor. However,
in model 2, lateral placental location is an independent risk factor for low birth weight at
term. In model 5, the predictors of low birth weight were gravidity, level of education, serum

ALT, GGT, lymphocyte count, placental location and end-diastolic.
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Table 12: Models for the prediction of low birth weight at term

Variable OR (95% CI) p-value
Model 1: Maternal history and physical examination

Secondary education 0.92 (0.46 - 1.88) 0.819
Tertiary level education 0.31 (0.07 - 0.97) 0.070
Gravida 2 - 4 3.30 (0.93 - 21.02) 0.113
Prime gravida 5.58 (1.51 - 36.10) 0.025
Intercept 0.02 (0.003 - 0.07) 0.000
Model 2: Obstetric ultrasound and uterine artery Doppler indices

Lateral placental location 2.86 (1.10 - 6.95) 0.025
Unilateral end-diastolic notch 1.79 (0.75 - 4.00) 0.171
Bilateral end-diastolic 2.20 (0.82 - 5.26) 0.093
Intercept 0.04 (0.03 - 0.06) 0.000
Model 3: Combination of maternal history, ultrasound and uterine artery Doppler
Secondary education 0.97 (0.48 - 2.00) 0.931
Tertiary level education 0.23 (0.05 - 0.75) 0.028
Gravida 2 - 4 3.56 (0.99 - 22.87) 0.095
Prime gravida 4.97 (1.32 - 32.53) 0.039
Lateral placental location 3.29 (1.20 - 8.35) 0.015
Unilateral end-diastolic notch 1.98 (0.83 - 4.46) 0.101
Bilateral end-diastolic 2.01 (0.73 - 4.88) 0.141
Intercept 0.01 (0.002 - 0.05) 0.000
Model 4: Maternal laboratory tests

Serum GGT of 0.0 - 30.0 IU 2.91 (1.01 - 12.27) 0.082
Lymphocyte count of 900 - 3900 cells/ul (normal) 0.30 (0.12 - 0.95) 0.024
Lymphocyte count > 3900 cells/ul (high) 2.28 (0.46 - 10.88) 0.295
Serum ALT of 12 - 49 1U 0.33(0.15-0.84) 0.013
Serum ALT <12 IU 0.60 (0.17 - 1.98) 0.408
Intercept 0.16 (0.03 - 0.71) 0.026

Footnote: ALT- Alanine Transaminase; AST — Aspartate Aminotransferase; ALP — Alkaline

Phosphatase; GGT — Gamma Glutamyl Transferase

In model 5 for prediction of low birth weight at term, maternal history, clinical characteristics

and laboratory tests were combined, being a primi gravida was a risk factor while a normal
serum ALT and tertiary level of education was protective. In model 6, all the characteristics
were combined and found being a primi gravida, lateral placental location, unilateral end

diastolic notch were risk factors, while tertiary level of education, normal serum ALT and

lymphocyte counts were protective. Details in Table 13.
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Table 13: Combination models for the prediction of low birth weight at term

Variable | OR (95% CI) p-value
Model 5: maternal history and laboratory tests

Secondary education 0.91 (0.44-1.92) 0.798
Tertiary level education 0.26 (0.06 - 0.86) 0.045
Gravida2 -4 3.34(0.90 - 21.87) 0.119
Prime gravida 6.35 (1.63 - 42.51) 0.020
Serum GGT of 0.0 - 30.0 IU 3.22(1.11-13.74) 0.059
Lymphocyte count of 900 - 3900 cells/pl (normal) 0.37 (0.14 - 1.21) 0.070
Lymphocyte count > 3900 cells/ul (high) 3.59 (0.67 - 19.04) 0.128
Serum ALT of 12-49 U 0.31 (0.13-0.80) 0.010
Serum ALT <12 1U 0.60 (0.16 - 2.06) 0.427
Intercept 0.04 (0.004 - 0.32) 0.005
Model 6: Combination of maternal history, laboratory tests, ultrasound and Doppler indices
Gravida2 -4 3.91(0.99 - 27.09) 0.091
Prime gravida 5.89 (1.42 -41.94) 0.032
Secondary education 1.06 (0.51 - 2.29) 0.876
Tertiary level education 0.16 (0.03 - 0.60) 0.013
Serum GGT of 0.0-30.0 IU 3.25(1.11-13.96) 0.059
Lymphocyte count of 900 - 3900 cells/pl (normal) 0.30 (0.11 - 1.00) 0.033
Lymphocyte count > 3900 cells/ul (high) 2.40(0.43-13.22) 0.310
Serum ALT of 12-49 1U 0.22 (0.09- 0.58) 0.001
Serum ALT <12 1U 0.45(0.12- 1.59) 0.224
Lateral placental location 3.42(1.18 -9.19) 0.018
Unilateral end-diastolic notch 2.59 (1.03-6.18) 0.035
Bilateral end-diastolic 2.58 (0.91 - 6.60) 0.057
Intercept 0.04 (0.003 - 0.31) 0.005

50




4.5.4 Evaluation of the performance of models 1-6 for the prediction of low birth weight

All the models for predicting low birth weight had their McFadden’s pseudo-R? value of less

than 0.2; therefore, they may not be the best fit. Details in Table 14.

Table 14: Low birth weight model performance evaluation using K-fold cross-validation

Acc Sens Spec | AUC
Model (%) (%) (%) (%) McFadden's
Model 1 (History and physical exam) 62.3 37.3 88.3 65.3 0.04
Model 2 (Uterine artery Doppler indices) 59.3 75.4 425 62.6 0.04
Model 3 (Combination of models 1 and 2) 62.3 61.8 64.8 71.6 0.08
Model 4 (Maternal blood tests) 59.3 81.7 35.8 66.9 0.07
Model 5 (combination of models 1 and 4) 66.7 73.4 59.6 66.9 0.12
Model 6 (Combination of models 3 and 4) 76.1 79.1 729 81.9 0.17

Acc=accuracy, Sens=sensitivity, Spec=specificity, AUC=area under curve,

McFadden’s=McFadden’s pseudo R?.
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4.6 Stillbirth

The prevalence of stillbirth was 2.5% (25 out of 1004). There were 979 (97.5%) live births.

Seven (28%) out of the 25 deaths occurred intrapartum. Two (8%) of the 25 mothers who lost

their babies had a history of previous stillbirth.

4.6.1 Incidence of Stillbirth

The incidence rates for stillbirth were higher at lower gestation ages, as outlined in Table 15.

For example, there were 273 stillbirths per 10* women weeks at <28 weeks, while only three

stillbirths per 10* women weeks at >37 weeks.

Table 15: Incidence of Stillbirth

Incidence of
stillbirth per
Total 10* women

Variables Population | stillbirths | % (95% CI) weeks
No stillbirth 979 0 0% 0
Stillbirth occurred 25 25 2.5% (1.6% - 3.7%) 6(4-9)
Stillbirth occurred <28 weeks 9 6 66.7% (22.9% - 92.5%) | 273 (94 - 379)
Stillbirth > 28 - <37 weeks 119 9 7.6% (3.5% - 13.8%) 22 (10 - 40)
Stillbirth > 37 weeks 876 10 1.1% (0.5% - 2.1%) 3(1-6)

4.6.2 Unadjusted characteristics for stillbirth

Personal history of preeclampsia and any history of abortion were significantly related to

stillbirth while being married or cohabiting was protective. Details are in Table 16. Systolic

hypertension, end-diastolic notch, pulsatility and resistive indices were significantly related to

stillbirth. Most laboratory characteristics had no significant relationship to stillbirth.
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Table 16: Unadjusted characteristics for prediction of stillbirth

Variable OR (95% CI) p-value
Maternal age (years) >35 1.80 (0.63 - 5.14) 0.271
Married/Cohabiting 0.20 (0.50 - 0.77) 0.020
Nulliparity 1.82 (0.58 - 5.73) 0.307
Para 1-2 1.38 (0.44 - 4.29) 0.577
Any history of abortion 2.78 (1.30 - 6.10) 0.011
Informal (casual labourer) 0.67 (0.28 - 1.57) 0.356
Formal (regular salaried job) 1.89 (0.60 - 5.98) 0.277
Previous history of preterm birth 1.09 (0.25 - 4.76) 0.907
Personal history of preeclampsia 6.15 (1.60 - 23.62) 0.008
Family history of preeclampsia 1.06 (0.15 - 7.63) 0.954
Presence of a chronic illness 0.42 (0.06 - 3.09) 0.397
Body mass index >25Kg/m? 0.76 (0.33 - 1.74) 0.511
Systolic blood pressure >140mmHg 5.94 (0.93 - 38.05) 0.060
Diastolic blood pressure >90mmHg 1.70 (0.24 - 12.08) 0.595
Multiple pregnancies Too few

Lateral placental location 1.22 (0.29 - 5.05) 0.788
Unilateral end diastolic notch 1.01 (0.29 - 3.47) 0.990
Bilateral end diastolic notch 3.68 (1.58 - 8.58) 0.003
Average Resistive index >0.65 (90th percentile) 3.75 (1.65 - 8.49) 0.002
Average pulsatility index >1.19 (90th percentile) 3.82 (1.69 - 8.66) 0.001
Serum ALP <98 IU (low lab range) 1.44 (0.20 - 10.45) 0.717
Serum albumin 3.5 - 4.1g/dL 0.46 (0.15-1.42) 0.180
Serum Albumin <3.5g/dL 1.27 (0.43 - 3.70) 0.667
Lymphocyte Count 0.9 - 3.9 cells/microlitre 0.33(0.10 - 1.12) 0.075
Lymphocyte Count >3.9 cells/microlitre 1.89 (0.34 - 10.42) 0.465
Total White blood cell count 4000-11000 cells/microlitre 1.10 (0.26 - 4.70) 0.900
Total White blood cell count >11000 cells/microlitre 2.91 (0.28 - 30.25) 0.372
Haemoglobin level <9.5g/dL (<25th percentile) 2.78 (0.76 - 10.12) 0.120
Haemoglobin level 9.5 - 12.1g/dL (25th - 75th

percentile) 1.02 (0.27 - 3.89) 0.981

4.6.3 Models for Prediction of Stillbirth

Model 1, the predictors of stillbirth were parity, age > 35 years, history of abortion and

personal history of preeclampsia. Model 2 examined the uterine artery Doppler indices. The

predictor of stillbirth was the end-diastolic notch on the uterine artery Doppler flow tracing.

Model 3, the predictors of stillbirth were history of abortion and end-diastolic notch on the

uterine artery Doppler flow tracing. In model 4, the predictors of stillbirth were platelet

neutrophil ratio, neutrophil count and haemoglobin level. Details in Table 17.
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Table 17: Models for prediction of stillbirth

Variable | OR (95% ClI) p-value
Model 1 using maternal history for prediction of stillbirth

Personal history of preeclampsia 11.08 (1.44 - 57.34) 0.0075
History of abortion 2.92 (1.07 - 7.57) 0.0293
Age > 35 years 4.29 (0.72 - 20.72) 0.0851
nullipara 5.37 (1.10 - 36.24) 0.0576
paral -2 2.28 (0.48 - 13.67) 0.3284
Intercept 0.005 (0.001 - 0.02) 0.0000
Model 2 using uterine artery Doppler indices

Unilateral 0.40 (0.02 - 2.09) 0.3843
Bilateral 4.28 (1.54 - 11.19) 0.0035
Intercept 0.02 (0.01 - 0.03) 0.0000
Model 3 combination of maternal history and uterine artery Doppler indices
Variable OR (95% CI) p-value
History of abortion 3.29 (1.24 - 8.41) 0.0134
Unilateral 0.38 (0.02 - 2.01) 0.3618
Bilateral 4.49 (1.60 - 11.88) 0.0029
Intercept 0.01 (0.006 - 0.03) 0.0000
Model 4 maternal laboratory tests for prediction of stillbirth

Platelet neutrophil ratio of 47.04 - 83.95 1.80 (0.46 - 9.00) 0.4232
Platelet neutrophil ratio of > 83.95 5.76 (1.12 - 35.90) 0.0437
Neutrophil count of (2.63 - 4.54) *1000 2.14 (0.60 - 8.12) 0.2453
Neutrophil count of (>4.54) *1000 4.16 (0.77 - 22.81) 0.0958
Haemoglobin level of 9.5 - 12.1g/dL 0.32 (0.11 - 0.89) 0.0287
Haemoglobin level of > 12.1g/dL 0.33 (0.07 - 1.14) 0.1027
Intercept 0.01 (0.001 - 0.06) 0.0000
Model 5 combination of maternal history and laboratory tests

History of abortion 3.10 (1.11 - 8.26) 0.0254
Age > 35 years 4.87 (0.79 - 24.57) 0.0677
nullipara 5.09 (1.02 - 35.71) 0.0715
paral -2 2.51 (0.52 - 15.59) 0.2831
Haemoglobin level of 9.5 - 12.1g/dL 0.33 (0.109 - 0.95) 0.0411
Haemoglobin level of >12.1g/dL 0.27 (0.06 - 0.99) 0.0656
Intercept 0.01 (0.001 - 0.005) 0.0000

Model 6: Maternal history, uterine artery Doppler indices and laboratory tests

Personal history of preeclampsia 5.18 (0.60 - 30.66) 0.0916
History of abortion 3.07 (1.11 - 8.05) 0.0243
Unilateral 0.37 (0.02 - 1.98) 0.3507
Bilateral 3.51(1.13-9.92) 0.0209
Haemoglobin level 9.5 - 12.1 g/dL 0.33 (0.11 - 0.93) 0.0375
Haemoglobin level > 12.1 g/dL 0.30 (0.06 - 1.07) 0.0850
Intercept 0.03 (0.01 - 0.07) 0.0000
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4.6.4 Evaluation of the models of stillbirth

The model's AUC ranges from 66.8% to 75.0%, with accuracies of 63.9% to 68.1% (Table

18). Unfortunately, all the models for the prediction of stillbirth had McFadden’s pseudo R?

value less than 0.2; therefore, they may not be of good fit on their own.

Table 18: Evaluation of the models for stillbirth

Acc | Sens | Spec | AUC

Models % % % % McF
Model 1 (Maternal history and exam) 658 | 824 | 484 | 719 0.08
Model 2 (Uterine artery Doppler indices) 639 | 887| 379 | 66.8| 0.05
Model 3 (History and uterine artery Doppler indices) 676 | 759| 59.0| 69.9| 0.08
Model 4 (lab tests) 653 | 71.6| 58.7| 69.7| 0.05
Model 5: (combination of history and laboratory tests) 68.0| 671| 69.0| 744 | 011
Model 6: (combination of maternal history, Doppler indices and

laboratory tests) 68.1| 69.1| 67.1| 75.0| 0.12

Acc=accuracy, Sens=sensitivity, Spec=specificity, AUC=area under curve,

McF=McFadden’s pseudo R?
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4.7 Preterm birth

4.7.2 Unadjusted p-values for prediction of preterm birth

History of previous preterm birth, personal history of preeclampsia, multiple pregnancy, and

diastolic hypertension was predictive of preterm birth. Details are in Table 19.

Table 19: Unadjusted odds for preterm birth

Variable n=774 Preterm / Term | OR (95% CI) p-value
Maternal history, physical findings

Nulliparity 28/217 1.43 (0.86 - 2.40) | 0.173
Para 1-2 43/313 1.52 (0.94 - 2.45) | 0.090
History of previous preterm birth 16/56 2.07 (1.29 - 3.32) | 0.003
History of abortion 23/130 1.37(0.92 - 2.01) |0.116
Personal history of preeclampsia 6/4 4.72 (2.77 - 8.04) | 0.000
Alcohol use in pregnancy 3/45 0.44 (0.15-1.35) [0.151
Multiple pregnancies 10/7 4.96 (3.25 - 7.56) | 0.000
Diastolic pressure > 90mmHg 7/16 2.53 (1.32-4.83) | 0.005
Maternal sonographic findings

Average pulsatility index >1.19 (>90th percentile) | 11/71 1.58 (1.01-2.47) | 0.046
Average resistive index >0.65 (>90th percentile) 11/74 1.45(0.91-2.30) |0.115
Unilateral end diastolic notch 11/116 1.16 (0.72 - 1.86) | 0.536
Bilateral end diastolic notch 17/70 1.96 (1.29 - 2.99) | 0.002
Cervical length <25mm 1/15 0.53 (0.07 - 3.60) | 0.518
Maternal laboratory tests

Serum albumin 3.5 - 4.1mg/DI (25th - 75th

percentile) 44/366 0.71(0.45-1.11) |0.134
Serum albumin >4.1mg/dL (>75th percentile) 22/169 0.80 (0.47 - 1.35) | 0.399
Serum ALP <98 IU 6/22 1.88 (0.90 - 3.93) | 0.093
Lymphocyte count 900 - 3900 cells/pl 77/634 0.48 (0.27 - 0.84) | 0.011
Lymphocyte count >3900 cells/pl 4/13 0.99 (0.36 - 2.72) | 0.984
PLR of 71.38 - 212.3 76/542 2.30 (0.87 - 6.10) | 0.095
PLR of >212.3 9/70 2.31(0.76 - 7.06) | 0.141
White cell count of 4000 - 11000 cells/pl 72/598 0.70 (0.41-1.18) |0.181
White cell count of > 11000 cells/ul 5/11 2.01 (0.84-4.81) |0.117

4.7.3 Prediction models for preterm birth

That left only those combinations with the least number of variables with the higher AUC.

When maternal history and sonographic findings were combined, the sonographic results

became statistically non-significant. Without obstetric ultrasound or laboratory tests (model
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1), the predictors of preterm birth were personal history of preeclampsia, previous history of

preterm birth, diastolic hypertension, and multiple pregnancies. The details are in Table 20.

Table 20: shows the models for preterm birth

Variable | Adjusted OR (95% CI) p-value
Model 1: Maternal history, physical findings

History of previous preterm birth 2.10 (1.05 - 3.95) 0.027
Personal history of preeclampsia 11.94 (3.33 - 48.08) 0.000
Diastolic pressure > 90mmHg 3.26 (1.12 - 8.37) 0.019
Multiple pregnancies 13.73 (5.08 - 39.11) 0.000
Intercept 0.10 (0.07 - 0.12) 0.000
Model 2: Maternal sonographic findings

Unilateral end diastolic notch 0.76 (0.37 - 1.43) 0.418
Bilateral end diastolic notch 1.95 (1.05 - 3.46) 0.027
Intercept 0.13 (0.10 - 0.16) 0.000
Model 3: Maternal laboratory tests

Serum ALP <98 IU 2.33(0.82 - 5.72) 0.082
White cell count of 4000 - 11000 cells/pl 0.91 (0.46 - 1.92) 0.798
White cell count of > 11000 cells/pl 3.90 (0.88 - 16.10) 0.063
PLR of 71.38 - 212.3 6.94 (1.84 - 49.3) 0.016
PLR of >212.3 4.56 (0.92 - 36.86) 0.094
Lymphocyte count 900 - 3900 cells/pl 0.35(0.14 - 0.92) 0.029
Lymphocyte count >3900 cells/pl 2.29 (0.30 - 21.90) 0.432
Serum urea of 11 - 451U (10th - 90th

percentile) 2.65 (1.04 - 8.99) 0.069
Serum urea of <111U (<10th percentile) 2.23 (0.55-9.62) 0.258
Intercept 0.02 (0.002 -0.15) 0.000
Model 4: Maternal history and laboratory tests

History of previous preterm birth 2.25(1.11 - 4.32) 0.019
Personal history of preeclampsia 10.11 (2.68 - 42.07) 0.001
Diastolic pressure > 90mmHg 3.94 (1.34 - 10.39) 0.008
Multiple pregnancies 14.17 (5.09 - 41.72) 0.000
Serum ALP <98 IU 2.35(0.78 - 6.07) 0.098
White cell count of 4000 - 11000 cells/ul 0.63 (0.33 - 1.25) 0.165
White cell count of > 11000 cells/pl 4.02 (0.92 - 16.09) 0.053
PLR of 71.38 - 212.3 3.78 (1.33 - 14.66) 0.027
PLR of >212.3 4.07 (1.13 - 18.06) 0.042
Serum urea of 11 - 451U (10th - 90th

percentile) 2.54 (0.96 - 8.97) 0.095
Serum urea of <111U (<10th percentile) 1.80 (0.39 - 8.52) 0.440
Intercept 0.02 (0.002 - 0.08) 0.000
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4.7.4 Evaluation of the models for the prediction of preterm birth

The models had a 56.6% — 69.5% area under the curve (AUC) with 52.2% - 62.4% accuracy
and sensitivities of 59.6% - 89.3%. However, their specificities of 20.5% - 47.1% were low.
The details are in Table 21. All the models for predicting preterm birth had their McFadden’s

pseudo R? value less than 0.2; therefore, they were not a good fit.

Table 21: Model performance evaluation using K-fold cross-validation

Model Acc % | Sens % | Spec % | AUC % | McFadden’s

Model 1 (maternal history) 61.6 87.3 35.0 62.1 0.09
Model 2 (Doppler indices) 55.6 89.3 205 56.6 0.01
Model 3 (Laboratory tests) 52.2 59.6 445 62.8 0.05
Model 4 (History and Lab tests) 62.4 77.2 47.1 69.5 0.12

4.8 Summary of the prediction models for policy and practice

The models that had a good fit were those for prediction of preeclampsia from maternal
history and physical examination, a combination of maternal history and uterine artery
Doppler sonography, maternal history and laboratory tests, or a combination of all three, with
a McFadden’s pseudo R? between 0.2 - 0.4. Details are in Table 8 and Table 9. However,
the rest of the models had their McFadden’s pseudo R? below 0.2; therefore, they are
unsuitable for prenatal clinics. Therefore, we weighted the variables’ contributions in the
models to determine the threshold for predicting preeclampsia (cran_project, 2022; Park et

al., 2021).

The predictors for preeclampsia from maternal characteristics were previous preterm birth,
history of abortion, maternal age > 35 years, nulliparity, maternal history of preeclampsia,
maternal body mass index > 26.5 kg/m2, diastolic hypertension, multiple pregnancies, end-

diastolic notch, white blood cell count over 11,000 cells /pl and serum alkaline phosphatase
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(ALP) <98 IU. These predictors’ weights are calculated to determine their contribution to

each prediction model, as shown in Table 22.

Table 22: Weighted predictors of preeclampsia

Variable Preeclampsia
Age > 35 years 2.33
Body mass index (Bmi) > 30 Kg / m? 2.09
Bmi 25.0 - 29.9 Kg/m? 2.15
Diastolic pressure > 90mmHg 2.73
Maternal history of preeclampsia 4.77
Multiple pregnancies 2.54
Nulliparity 247
Para 1-2 1.40
White blood cell count of 4000-11000 cells/pl 1.36
white blood cell count of >11000 cells/ul 1.86
Serum alkaline phosphatase (ALP) <98 IU 2.77
Unilateral end-diastolic notch 1.87
Bilateral end-diastolic notch 3.19

When combinations of the variables were fitted into logistic regression models, variables

whose weighted contributions added up to 6.0 for predicting preeclampsia got AUCs over

60% with an accuracy of >50%. Therefore, you can use a combination of any variables

whose weights add up to 6.0 to classify a mother as a high risk for preeclampsia.
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CHAPTER FIVE: DISCUSSION
Despite nearly 100% retention of prenatal care in the global north, we found a health facility
delivery rate of 78% (1,004 out of 1,285). The incidence of preeclampsia was 4.3% (43 out of
1,004). More unemployed, younger, and lighter (low body mass index BMI) women were
lost to follow-up. The incidence of preeclampsia in our study was similar to the 4.6% global
estimate for preeclampsia despite the expected variation between regions (Abalos et al.,
2013). The incidence of preeclampsia was higher at early gestational age compared to term
pregnancies, with 20.0% at <34 weeks compared to 2.5% at >37 weeks. There is 8.7% to
30.0% for preterm preeclampsia and 2.0% at term in low-risk populations (Poon et al., 2019;
Robillard et al., 2020). Most births for early-onset preeclampsia are iatrogenic (induced)
(Robillard et al., 2020), therefore adding to the complications of preterm birth. Environmental
factors may play a role in the incidence of preeclampsia (Nieves-Coldn et al., 2022; Zamudio,
2007). For example, the UK is about 200 meters above sea level, with an incidence of PE at
2% (Khalil et al., 2013). Peru is 2,000 meters above sea level with a 20% incidence of PE,
and Colorado on the Rockies Mountains is 3,000 meters above sea level with an incidence of
PE of 33% (Bailey et al., 2022; Moore, 2021; Palmer et al., 1999) while northern Uganda at
1,000 meters above sea level is at 4.3%. In Ghana, preeclampsia incidence is 4.6% to 6.6%

annually (Adwoa et al., 2022), while in South Africa, it is 5.8% (Yasmin Casmod, 2016).

The prevalence of PE is higher at higher altitudes, probably because of the hypoxia due to
low oxygen tension in those areas (He et al., 2019; Tong & Giussani, 2019). Hypoxia is
thought to suppress the trophoblastic invasion of the spiral arteries (He et al., 2019). This
defective trophoblastic invasion leads to defective placentation (Brosens et al., 2011; He et
al., 2019; Hoffman, 2023) and has been implicated in most adverse pregnancy outcomes,
including preeclampsia, preterm birth, low birth weight and stillbirth, hence the term “great

obstetric syndromes” (Brosens et al., 2011; He et al., 2019; Hoffman, 2023). Placental
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insufficiency is thought to lead to massive placental infarct formation, which is shed into the
maternal circulation (Hoffman, 2023). That may lead to systemic inflammation, endothelial
dysfunction and vasoconstriction with resultant adverse pregnancy outcomes (Hoffman,

2023).

In this community in northern Uganda, hospital delivery rates have been around 55% and
increased to 99% when the mothers recruited into one study were given supplies for delivery
and their bills covered by the research (Ediau et al., 2013). The researchers used a voucher
system where a mother who came for Antenatal care had her bills for delivery covered by the
research, which increased the hospital delivery rate (Ediau et al., 2013). That may reflect the
enormous poverty level of over 38% of community members living below the poverty line
(UBOS, 2020). In contrast, in the developed world, where most mothers have health
insurance to cover delivery costs, hospital delivery rates are over 98% (Macdorman &
Declercq, 2019). Low socioeconomic status is a known risk factor for preeclampsia
(Wandabwa et al., 2010). Khalil et al. (Khalil et al., 2013) found that women of Afro-
Caribbean and South Asian racial origin were most at risk of preeclampsia in the global
north. Therefore, giving delivery incentives and covering the costs of hospital births may
raise the retention rate to prenatal care and community mobilization for poverty alleviation

strategies.

While maternal clinical characteristics predicted detected preeclampsia with 66.6% accuracy,
82.7% sensitivity and 78.4% AUC in this research, Antwi et al. (Antwi et al., 2017) predicted
pre-eclampsia by 70% AUC and 68% in the development and validation cohort, respectively.
Gallo et al. (Gallo et al., 2014) screened by maternal characteristics and mean arterial

pressure (MAP) at a false-positive rate of 10%; their detection rate of total preeclampsia was
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49.3%. In a systematic review by Al-Rubaie and colleagues (Al-Rubaie et al., 2016), their

detection rate was 76%.

Using uterine artery Doppler indices, we could predict over 68% of preeclampsia, although
the model did not have a good fit. That was way below Trudinger et al. (Trudinger et al.,
1985), who predicted up to 90% of preeclampsia in Australia using an end-diastolic notch.
We got an AUC of 80.4% with 76.0% accuracy by combining maternal history, physical
examination, and uterine artery Doppler indices. That is comparable to Pedroso and
colleagues (Pedroso et al., 2018), who found that a combination of uterine artery Doppler

indices and maternal history predicted 75% of PE.

We had blood tests with 67.1% accuracy and 75.6% AUC. Although the model was not a
good fit, Jhee and colleagues (Jhee et al., 2019) used a combination of laboratory tests (serum
urea, aspartate aminotransferase (AST), ALT, creatinine, and haemoglobin levels) to predict
preeclampsia with the area under the curve (AUC) above 57%. Yucel and Ustun (Yucel &
Ustun, 2017) predicted preeclampsia using mean platelet volume (MPV) and plateletcrit
(PCT) with AUC of 64.1% and 71.2%, respectively. Blood tests with maternal history
improved the prediction of preeclampsia to 72.7% accuracy with an AUC of 82.2%. Delic
and Stefanovic (Deli¢ & Stefanovi¢, 2010) added uric acid, urea thrombocytes, hematocrit,
AST, and leukocytes into the logistic regression model and correctly classified 83.8% of
patients with preeclampsia. A combination of maternal history, blood tests, and uterine artery
Doppler indices (model 6) only slightly improved the prediction accuracy to 77.0% and
80.2% sensitivity with an AUC of 84.9%. This had a better detection rate compared to 57%
in the UK (Wright et al., 2012). A low level of serum ALP may signify a reduced viable mass
of placental tissue in pregnancy (Holmgren et al., 1979; Ranganath et al., 2008), which means

the reduced surface area for the transfer of nutrients from mother to baby. This reduced
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surface area of the functional placenta may increase the number of placental infarcts and,
eventually, placental debris released into the maternal circulation. Increased levels of
placental tissue in maternal circulation lead to maternal systemic inflammation (Dechend &
Staff, 2012). That may result in endothelial injury, vasoconstriction, and hypertension

(Dekker et al., 1998).

In a systematic review by Duckit and Harrington (Duckitt & Harrington, 2005)  they found
that women with a previous history of pre-eclampsia, multiple pregnancies, nulliparity,
family history, raised blood pressure (diastolic >80 mm Hg), increased body mass index
before pregnancy at booking, or maternal age > 40 at risk of preeclampsia. Antwi and
colleagues (Antwi et al., 2020) reviewed prediction models for preeclampsia between 2000
and 2019 and found diverse prediction accuracy ranging from 45 — 95% in the different world
regions. The other prediction rates could explain the differences in the populations studied,
the test techniques, and the ultrasound machines used. Our models seem to have acceptable
accuracy, although the study population was at high risk. These models will ease the
identification of high-risk mothers and referral to specialists’ healthcare providers. That may

reduce perinatal and maternal morbidity and mortality in the community.

We also developed and validated risk prediction models for low birth weight at term in
Northern Uganda from this prospective cohort study. From maternal history, the predictors of
low birth weight were education level and gravidity. That predicted low birth weight at term
by 65.3% AUC, 62.3% accuracy, 88.3% specificity, and 37.3% sensitivity. In Ethiopia,
similar demographic characteristics were used to predict low birth weight. At a 26% false
positive rate, they predicted low birth weight with 83% AUC with 82% specificity and 71%

sensitivity (Hassen et al., 2020). In India, Singh (Singh et al., 2014) found the prediction
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model AUC to be 79% with 72% sensitivity and 56% specificity. In the USA, maternal

history predicted low birth weight with 75.3% accuracy (Gaziano et al., 1981).

Considering the uterine artery Doppler indices, the predictors of low birth weight were
placental location and end-diastolic notch in the uterine arteries. That predicted low birth
weight at term by 62.6% AUC, 59.3% accuracy, 42.5% specificity, and 75.4% sensitivity.
For example, Denmark's uterine artery pulsatility index predicted low birth weight with 74%
AUC (Sinding et al., 2017). In contrast, a placental thickness of <2cm and a diameter of
<18cm in Saudi Arabia predicted low birth weight with 88.6% AUC (Habib, 2002). That

probably outlines the population differences and techniques used in the data analysis.

When the maternal history is combined with uterine artery Doppler indices, the predictors of
low birth weight were education level, gravidity, placental location, and end-diastolic notch.

That predicted low birth weight at term by 71.6% AUC, 62.3% accuracy, 64.8% specificity

and 61.8% sensitivity. A combination of uterine artery Doppler indices and maternal history

in India predicted low birth weight with 65.9% AUC, 45.4% sensitivity and 84.6% specificity

(Deepti Verma, 2016).

While we found the predictors of low birth weight to be serum GGT, serum ALT and
lymphocyte count of having predicted low birth weight at term by 66.9% AUC, 59.3%
accuracy, 35.8% specificity and 81.7% sensitivity, there is limited data on the prediction of
low birth weight using full maternal haemogram, liver and renal function tests. There is no
evidence that maternal blood levels of alpha-feto protein (AFP), human chorionic
gonadotropin (hCG), or pregnancy-associated plasma protein A (PAPP-A) used as a single
predictor help predict low-birth-weight newborns (Goto, 2021). When the laboratory blood
tests were combined with maternal history, the predictors of low birth weight were gravidity,

level of education, serum ALT, serum GGT and lymphocyte count. That predicted low birth
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weight at term by 66.9% AUC, 66.7% accuracy, 59.6% specificity and 73.4% sensitivity.
Adding blood glucose levels to maternal history in Mexico predicted low birth weight with

72% AUC (Hernandez-Castro et al., 2021).

After combining all the variables from maternal history, laboratory tests, and uterine artery
Doppler indices, the predictors of low birth weight were gravidity, level of education, serum
ALT, serum GGT, lymphocyte count, placental location, and end-diastolic notch in the
uterine arteries. These predicted low birth weight at term by 81.9% AUC, 76.1% accuracy,
72.9% specificity and 79.1% sensitivity. Therefore, considering the few predictors, this
model can be used for screening low birth weights in prenatal clinics. That makes our model

favourably compared to the other models.

We found that about three in every twenty-five mothers (11.6%) got preterm birth. Without
obstetric ultrasound or laboratory tests, the predictors of preterm birth were personal history
of preeclampsia, previous history of preterm birth, diastolic hypertension, and multiple
pregnancies. That predicted preterm birth with 66% accuracy of those destined to get preterm
birth. The addition of laboratory tests to the model only improved it slightly. A bilateral end-
diastolic notch was the only statistically significant predictor of preterm birth, with 89.3%
sensitivity, 20.5% specificity and 56.6% AUC. However, when combined with a maternal
history of laboratory tests, it became statistically non-significant. We combined maternal
history and physical examination with uterine artery Doppler indices, anatomical ultrasound
survey, and laboratory tests. We found an overall 69.5% AUC, with 62.2% accuracy, 77.2%

sensitivity, and 47.1% specificity for predicting preterm birth.

Knowing that preterm birth contributes to over 2% of perinatal morbidity and mortality in the
global north (Opondo et al., 2020; Ray et al., 2017) and its management requires a

multidisciplinary team and specialized equipment (Mactier et al., 2020), it is necessary for us
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in the limited-resource settings to predict it early to arrange for referral to tertiary level
hospitals in time. Furthermore, the prognosis of preterm birth depends on the gestational age
at birth, duration of contact of the mother with health care providers before delivery,
medications received before delivery, and treatment options available to the baby (Berger et
al., 2019; Jefferies et al., 2012; Lemyre & Moore, 2017). That predicts preterm birth and
referral to specialized centres, one option for reducing perinatal morbidity and mortality.
With a 77.2% sensitivity, over two-thirds of those who get preterm birth will screen positive
and be referred in time. However, at 47.1% specificity, more than half of the participants will
be mistakenly screened positive. That may pressure the already overwhelmed centres unless

the healthcare is restructured to handle such screen-positive clients.

The incidence of preterm birth is 6.1% in China (Jing et al., 2020), 9.3% in Nepal (Gurung et
al., 2020), and 7.4% in the United Kingdom (Bradford, 2020). The incidence of preterm birth
in Gulu city, being 11.6%, perhaps confirms that women of sub-Saharan Africa are more at
risk of preterm birth (Tingleff et al., 2021). Without obstetric ultrasound or laboratory tests,
the predictors of preterm birth were personal history of preeclampsia, previous history of
preterm birth, diastolic hypertension, and multiple pregnancies. Predictors of preterm birth in
Ethiopia were lack of antenatal care visits, having 1-2 antenatal care visits, history of the
previous preterm, short inter-pregnancy interval, having reproductive tract infections, history
of abortion, urinary tract infection and hypertensive disorders in pregnancy (Regasa et al.,
2021; Wakeyo et al., 2020). Attending at least a secondary education and antenatal care was
protective (Wakeyo et al., 2020). However, that research was cross-sectional and may not

reflect the early trimester antenatal characteristics used to predict preterm birth.

Meanwhile, a bilateral end-diastolic notch signifies reduced perfusion of the placental site,

which may translate into insufficiency (Espinoza et al., 2010). That may predict the
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conditions associated with placental insufficiency, which later leads to iatrogenic preterm
birth. A bilateral end-diastolic notch in Australia would predict preterm birth by 31.4%
sensitivity and 58% AUC (van Zijl et al., 2020). In a systematic review by Meertens et al.
(Meertens et al., 2018), most models for predicting preterm birth have an AUC of 54% - 70%
for both development and validation. Since most models had an AUC ranging from 54% to
70% (Meertens et al., 2018), we got an AUC of 69.5%. That makes our models among the

higher-performing models for predicting preterm birth.

From the demographic characteristics of our participants, the predictors of stillbirth were
parity, age > 35 years, history of abortion and personal history of preeclampsia. That
predicted stillbirth with 65.8% accuracy, 82.4% sensitivity, 48.4% specificity and 71.9%
AUC. In Niger State, Nigeria, the predictors of stillbirth were maternal comorbidity, rural

place of residence, multipara, bleeding during pregnancy, and non-cephalic fetal presentation

(Kayode et al., 2016). Maternal employment was protective of stillbirth (Kayode et al., 2016).

They predicted stillbirth with a C-statistic basic model = 0.80 (95 % CI 0.78-0.83), and when
ultrasound parameters were added, the extended C-statistic model improved slightly to 0.82
(95 % CI1 0.80-0.83) (Kayode et al., 2016). In a case-control study in southern Ethiopia, the
predictors of stillbirth were women with multiple pregnancies [aOR = 2.98, 95%Cl: 1.39-
6.36], having preterm birth [aOR = 2.83, 95%CI: 1.58— 508], having cesarean mode of
delivery [aOR = 3.19, 95%CI: 1.87-5.44], having no ANC visit [aOR = 4.17, 95%CI: 2.38—
7.33], and being hypertensive during pregnancy [aOR = 3.43, 95%CIl: 1.93-6.06]. (Abebe et
al., 2021). However, these women were recruited after they had given birth. In clinical
settings in low-resource settings, one can use the demographic characteristics above as
predictors to identify up to two-thirds of mothers at risk of having a stillbirth. Despite the

model’s sensitivity of 82.4%, the model’s specificity of 48.4% is low. One will have to put
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more than twice the number of women identified as at risk of stillbirth to get the two-thirds of

women who will get stillbirth.

Combining uterine artery Doppler indices and maternal history predicted stillbirth with
67.6% accuracy, 75.8% sensitivity and 69.9% AUC. That may be comparable to Akolekar et
al. (Akolekar et al., 2016), who predicted 55% of all stillbirths, including 75% of those due to
impaired placentation and 23% of those that were unexplained or due to other causes, at a
false-positive rate of 10% using maternal history and uterine artery Doppler indices.
Ultrasound examination is not compulsory in Uganda (Ministry_of _Health, 2016). It is
reserved for a few referral centres, teaching hospitals and private hospitals (Kawooya, 2012;
Ross et al., 2013). Therefore, most mothers go through their gestation without performing a

single ultrasound scan.

We predicted stillbirth by 75.0% AUC with 68.1% accuracy, 69.1% sensitivity and 67.1%
specificity. That was comparable to the stillbirth-risk calculator
(The_fetal_medicine_foundation, 2022) validated in Austria at 72% AUC (Muin et al., 2022).
In the United Kingdom, stillbirth detection rates ranged from 28 to 48%, with an AUC of
55.0% to 65.8%, even after allowing a 10% false positive rate (Akolekar et al., 2016;
Yerlikaya et al., 2016). In Australia, the detection rate for stillbirth was 45%, with an AUC
ranging from 59% to 84% (Malacova et al., 2020). Similarly, the detection rate for stillbirth

in the United States of America has been 64% - 66% AUC (Trudell et al., 2017).

Mastrodima et al. (Mastrodima et al., 2016) used maternal factors, PAPP-A, Doppler
pulsatility index and ductus venosus pulsatility index for veins (DV-PIV). They predicted
40% of all stillbirths and 55% of those due to impaired placentation, at a false-positive rate of
10%. Within the impaired-placentation group, the detection rate of stillbirth<32 weeks’

gestation was higher than that of stillbirth > 37 weeks (64% vs 42%). That makes the study
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compare favourably to those conducted in the global north. Perhaps the differences are due to

the differences in the population and the technology used to predict stillbirth.

Since patients present to prenatal care with different adverse outcome predictors, we
weighted each predictor's contribution in the prediction model. We found that variables
whose weights add up to >6.0 predicted adverse pregnancy outcomes by >60% AUC and
>50% accuracy. That may be the beginning of developing a more robust screening method
for adverse pregnancy outcomes in the region, as hinted at by other researchers (Ji & Kattan,
2018; Pavlou et al., 2015), and that is also the basis of most risk calculators ever developed

(Al-Rubaie et al., 2016; Ji & Kattan, 2018; Robillard et al., 2020; Wright et al., 2012).

The adverse pregnancy outcomes associated with preeclampsia were preterm birth, stillbirth
and postpartum haemorrhage. Low birth weight and mode of delivery were not associated
with preeclampsia in this community of northern Uganda. These are the already-known
complications of preeclampsia found in reference documents (Creasy and Resnik's maternal-
fetal medicine, Principles and practice, 2014; William's Obstetrics, 2018). However, many
preterm births associated with preeclampsia may be iatrogenic (Uzan et al., 2011). Therefore,
since the preeclampsia prediction models are a good fit, and the other adverse pregnancy
outcomes are associated with preeclampsia, it is easier to predict preeclampsia. Hopefully,
you will have predicted its adverse outcomes, too. Adding uterine artery Doppler indices to
the routine ultrasound scan takes less than five minutes and improves the prediction model's

sensitivity. That may improve the prediction of multiple adverse pregnancy outcomes.
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METHODOLOGICAL CONSIDERATIONS

We built models from the original data we collected in the prenatal clinic for each pregnancy
outcome. The incidences of preeclampsia, preterm birth, low birth weight and stillbirth were
4.3%, 11.6%, 5.7% and 2.5%, respectively. That means the data was imbalanced, with fewer
adverse pregnancy outcomes than normal ones. That imbalance makes developing any
prediction model difficult because of the risk of overfitting (Demsar & Zupan, 2021).
Therefore, we envisaged that this might bias our prediction model when we test for
sensitivity, specificity, and accuracy. Therefore, the data was balanced by over-sampling the
adverse pregnancy outcomes and under-sampling the normal outcomes to produce a nearly
equal number of outcomes in the new (synthetic) dataset using the ROSE package in RStudio
(Menardi & Torelli, 2014; Nicola Lunardon, 2014). We created a new dataset from the
original using the ROSE package (Menardi & Torelli, 2014; Nicola Lunardon, 2014) in
RStudio. The resultant dataset has approximately 50% of the adverse outcome (cases or
exposed group) and normal outcome (non-exposed, non-cases), respectively. We used the
synthetic (new) dataset as the validation dataset to obtain the AUCs’ sensitivity, specificity

and accuracy.

Due to the limited sample size for machine learning purposes, we could not divide the sample
size into training and test datasets; we opted for K (10) — fold cross-validation (Fushiki, 2011;
Jung, 2018; Meijer & Goeman, 2013; Moreno-Torres et al., 2012), with the model from the
original dataset being the training dataset, and the synthetic (ROSE-derived) data as the test
dataset to generate the accuracies and sensitivities in the confusion matrix in RStudio. This
method divides the new (artificial) dataset into ten folds, and each fold is tested against the
original dataset. The average sensitivities, specificities, and accuracies are generated and
displayed. Since our outcome was binary (cases vs controls), we used McFadden’s pseudo R?

of 0.2 — 0.4 to estimate the goodness of fit (Veall & Zimmermann, 1994, 1996).
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STUDY LIMITATIONS

» Only one person was skilled in doing the uterine artery Doppler sonography during
the data collection. Moreover, each sonography took about one hour per client. That
provided time constraints because doing repeat ultrasound scans for follow-up
purposes was impossible, especially for those with an end-diastolic notch.

» We did one measurement of uterine artery Doppler indices, blood pressure, and
weight during antenatal care at recruitment. So, we could not determine the rate of
change of maternal parameters or the pre-pregnancy values. However, these changes
could later be used to calculate risk factors for some adverse pregnancy outcomes.

» We discharged mothers from the study at the baby's discharge from hospital.
Therefore mothers who developed preeclampsia after discharge were not captured.

> Finally, there were many losses to follow up, which could have skewed these results
differently.

» We could not develop prediction models for adverse preeclampsia-related outcomes
because of the few participants who developed preeclampsia (early or late onset).

However, the overall incidence of adverse pregnancy outcomes was less than 12%.

STRENGTHS AND CONTRIBUTION OF THE STUDY

» This research was a baseline study in northern Uganda. Therefore, our result could be
used to determine the nature of subsequent studies regarding adverse pregnancy
outcomes in this under-researched community.

» The study generated prediction models for adverse pregnancy outcomes with high
AUCs and good fit, which can be used for screening in prenatal clinics.

> Since not all patients present with all the predictors of adverse pregnancy outcomes,
patients with any variable weights adding to >6.0 are at high PE risk and need close

follow-up.



CONCLUSIONS

1)

2)

3)

4)

5)

The incidence of PE was 4.3%, Preterm birth 11.6%, Low birth weight at term was 5.7%
and Stillbirth was 2.5%.

The predictors of preeclampsia from maternal history and physical examination were
maternal age > 35 years, nulliparity, maternal history of preeclampsia, body mass index >
26.56 Kg/m?, diastolic hypertension, and multiple pregnancies.

The Preeclampsia prediction models had accuracies of >66% and AUCs of >71%.
Models for prediction of PE using maternal characteristics or a combination of maternal
characteristics with lab, maternal characteristics with Doppler or maternal characteristics
with lab and Doppler had a good fit with McFadden’s pseudo R? between 0.2-0.4 and,
therefore, are suitable for screening of preeclampsia in prenatal clinics.

Patients with any of the predictors of preeclampsia weighting >6.0 are considered at high

risk.
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RECOMMENDATIONS

a) For Future research

We recommend validating these models with datasets from other regional
health units to ensure generalisability.

Future studies should do serial measurements at intervals during the prenatal
period.

Motivate more mothers to deliver in the hospital to reduce loss to follow-up.

b) For Practice

Incorporate screening for preeclampsia into routine prenatal care
Strengthen referral pathways for mothers who have been identified as at risk of

developing preeclampsia

c) For Policy

Train midwives to predict preeclampsia using the available antenatal care cards

. Train health care workers, especially in prenatal ultrasound, to perform

sonography routinely as part of prenatal care.

i. Support more research into the prediction of adverse pregnancy outcomes

. There should be a public-private partnership to promote the prediction of

adverse pregnancy outcomes in Uganda.

73



REFERENCES

Abalos, E., Cuesta, C., Grosso, A. L., Chou, D., & Say, L. (2013). Global and regional
estimates of preeclampsia and eclampsia: a systematic review. Eur J Obstet Gynecol

Reprod Biol, 170(1), 1-7. https://doi.org/10.1016/j.ejogrb.2013.05.005

Abebe, H., Shitu, S., Workye, H., & Mose, A. (2021). Predictors of stillbirth among women
who had given birth in Southern Ethiopia, 2020: A case-control study. PLoS One,

16(5), e0249865. https://doi.org/10.1371/journal.pone.0249865

Abu-Zidan, F. M., Hefny, A. F., & Corr, P. (2011). Clinical ultrasound physics. Journal of

Emergencies, Trauma and Shock, 4(4), 501-503. https://doi.org/10.4103/0974-

2700.86646
ACOG. (2019). ACOG Practice Bulletin No. 202: Gestational Hypertension and
Preeclampsia. Obstet Gynecol, 133(1), e1-e25.

https://doi.org/10.1097/A0G.0000000000003018

Adwoa, N., Kunfah, J. A., Akayuure, C. A., Kappiah, J., & Kampo, S. (2022). Prevalence
and demographic distribution associated with pre-eclampsia among pregnant women
at a local Teaching Hospital in Ghana. Cold Spring Harbor Laboratory.

https://dx.doi.org/10.1101/2022.05.18.22275250

https://www.medrxiv.org/content/medrxiv/early/2022/05/21/2022.05.18.22275250.full.pdf

Akolekar, R., Tokunaka, M., Ortega, N., Syngelaki, A., & Nicolaides, K. H. (2016).
Prediction of stillbirth from maternal factors, fetal biometry and uterine artery
Doppler at 19-24 weeks. Ultrasound Obstet Gynecol, 48(5), 624-630.

https://doi.org/10.1002/uog.17295

Al-Rubaie, Z. T. A., Hudson, H. M., Jenkins, G., Mahmoud, I., Ray, J. G., Askie, L. M., &

Lord, S. J. (2020). Prediction of pre-eclampsia in nulliparous women using routinely

74


http://www.medrxiv.org/content/medrxiv/early/2022/05/21/2022.05.18.22275250.full.pdf

collected maternal characteristics: a model development and validation study. BMC

pregnancy and childbirth, 20(1), 23. https://doi.org/10.1186/s12884-019-2712-x

Al-Rubaie, Z. T. A., Askie, L. M., Ray, J. G., Hudson, H. M., & Lord, S.J. (2016). The
performance of risk prediction models for pre-eclampsia using routinely collected
maternal characteristics and comparison with models that include specialised tests and
with clinical guideline decision rules: a systematic review. BJOG: An International
Journal of Obstetrics & Gynaecology, 123(9), 1441-1452.

https://doi.org/10.1111/1471-0528.14029

Amit Dutta, R. K. S., Kripasindhu Chatterjee, Sanjay Kothari,, & S. K. Rafikul Rahaman, S.
S. (2017). Placental damages from ultrasonic changes to histopathological findings in
maturing placenta in pregnancy complicated with hypertension: an observational
clinical study. International Journal of Reproduction, Contraception, Obstetrics and
Gynecology, 6(5).

Antwi, E., Amoakoh-Coleman, M., Vieira, D. L., Madhavaram, S., Koram, K. A., Grobbee,
D. E., Agyepong, I. A., & Klipstein-Grobusch, K. (2020). Systematic review of
prediction models for gestational hypertension and preeclampsia. PLoS One, 15(4),

€0230955. https://doi.org/10.1371/journal.pone.0230955

Antwi, E., Groenwold, R. H., Browne, J. L., Franx, A., Agyepong, I. A., Koram, K. A,,
Klipstein-Grobusch, K., & Grobbee, D. E. (2017). Development and validation of a
prediction model for gestational hypertension in a Ghanaian cohort. BMJ Open, 7(1),

€012670. https://doi.org/10.1136/bmjopen-2016-012670

0., Tumwineg, J. K., Nakasujja, N., Ndeezi, G., Kiguli, J., Mukunya, D., Odongkara, B.,
Achora, V., Tongun, J. B., Musaba, M. W., Napyo, A., Tylleskar, T., & Nankabirwa,

V. (2021). Perinatal death in Northern Uganda: incidence and risk factors in a



community-based prospective cohort study. Global Health Action, 14(1), 1859823.

https://doi.org/10.1080/16549716.2020.1859823

Arbogast, B. W., Leeper, S. C., Merrick, R. D., Olive, K. E., & Taylor, R. N. (1994). Which
plasma factors bring about disturbance of endothelial function in pre-eclampsia? The

Lancet, 343(8893), 340-341. https://doi.org/https://doi.org/10.1016/S0140-

6736(94)91169-X

Asnafi, N., & Hajian, K. (2011). Mid-trimester uterine artery Doppler ultrasound as a
predictor of adverse obstetric outcome in high-risk pregnancy. Taiwan J Obstet
Gynecol, 50(1), 29-32.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=21482371

Bailey, B., Euser, A. G., Bol, K. A, Julian, C. G., & Moore, L. G. (2022). High-altitude
residence alters blood-pressure course and increases hypertensive disorders of
pregnancy. The Journal of Maternal-Fetal & Neonatal Medicine, 35(7), 1264-1271.

https://doi.org/10.1080/14767058.2020.1745181

Berger, R., Rath, W., Abele, H., Garnier, Y., Kuon, R. J., & Maul, H. (2019). Reducing the
Risk of Preterm Birth by Ambulatory Risk Factor Management. Dtsch Arztebl Int,

116(50), 858-864. https://doi.org/10.3238/arztebl.2019.0858

Bhattacharyya Sanjoy Kumar, K. S., Kabiraj Sankar Prasad. (2012). Prediction of
Preeclampsia by Midtrimester Uterine Artery Doppler Velocimetry in High-Risk and
Low-Risk Women. The Journal of Obstetrics and Gynecology of India, 62(3), 297 -

300. https://doi.org/DOI 10.1007/s13224-012-0219-8

Blencowe, H., Cousens, S., Jassir, F. B., Say, L., Chou, D., Mathers, C., Hogan, D., Shiekh,
S., Qureshi, Z. U., You, D., Lawn, J. E., & Lancet Stillbirth Epidemiology

Investigator, G. (2016). National, regional, and worldwide estimates of stillbirth rates

76


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

in 2015, with trends from 2000: a systematic analysis. Lancet Glob Health, 4(2), €98-

€108. https://doi.org/10.1016/S2214-109X(15)00275-2

Bosio, P. M., McKenna, P. J., Conroy, R., & O'Herlihy, C. (1999). Maternal central
hemodynamics in hypertensive disorders of pregnancy. Obstet Gynecol, 94(6), 978-

984. https://doi.org/10.1016/s0029-7844(99)00430-5

Bourdeau, M. (2008). Auguste Comte. Retrieved 3/12/2023 from

https://plato.stanford.edu/archives/spr2023/entries/comte/

Bower, S., Kingdom, J., & Campbell, S. (1998). Objective and subjective assessment of
abnormal uterine artery Doppler flow velocity waveforms. Ultrasound Obstet

Gynecol, 12(4), 260-264. https://doi.org/10.1046/].1469-0705.1998.12040260.x

Bradford, S. (2020). Birth characteristics in England and Wales: 2020. National statistics.
Retrieved November 2022 from

https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/li

vebirths/bulletins/birthcharacteristicsinenglandandwales/2020

Brennan, L. J., Morton, J. S., & Davidge, S. T. (2014). Vascular dysfunction in preeclampsia.

Microcirculation, 21(1), 4-14. https://doi.org/10.1111/micc.12079

Brosens, 1., Pijnenborg, R., Vercruysse, L., & Romero, R. (2011). The "Great Obstetrical
Syndromes" are associated with disorders of deep placentation. Am J Obstet Gynecaol,

204(3), 193-201. https://doi.org/10.1016/j.aj09.2010.08.009

Burgos-Artizzu, X. P., Banos, N., Coronado-Gutierrez, D., Ponce, J., Valenzuela-Alcaraz, B.,
Moreno-Espinosa, A. L., Grau, L., Perez-Moreno, A., Gratacos, E., & Palacio, M.
(2021). Mid-trimester prediction of spontaneous preterm birth with automated
cervical quantitative ultrasound texture analysis and cervical length: a prospective

study. Sci Rep, 11(1), 7469. https://doi.org/10.1038/s41598-021-86906-8

77


http://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/li

Cartlidge, P. H., & Stewart, J. H. (1995). Effect of changing the stillbirth definition on
evaluation of perinatal mortality rates. Lancet, 346(8973), 486-488.

https://doi.org/10.1016/s0140-6736(95)91327-0

Caughey, A. B., Stotland, N. E., Washington, A. E., & Escobar, G. J. (2005). Maternal
ethnicity, paternal ethnicity, and parental ethnic discordance: predictors of
preeclampsia. Obstet Gynecol, 106(1), 156-161.

https://doi.org/10.1097/01.A0G.0000164478.91731.06

Chaemsaithong, P., Sahota, D. S., & Poon, L. C. (2020). First trimester preeclampsia
screening and prediction. American Journal of obstetrics and Gynecology.

https://doi.org/https://doi.org/10.1016/j.aj0g.2020.07.020

Chen, S.D,, Lin,Y.C,, Lu, C. L., & Chen, S. C. (2014). Changes in outcome and
complication rates of very-low-birth-weight infants in one tertiary center in southern
Taiwan between 2003 and 2010. Pediatr Neonatol, 55(4), 291-296.

https://doi.org/10.1016/j.pedne0.2013.10.010

Cnota, W., Jagielska, A., Janowska, E., Banas, E., Kierach, R., Nycz-Reska, M., & Czuba, B.
(2022). Prediction of preterm birth using PAMG-1 test: a single centre experience -

preliminary report. Ginekol Pol. https://doi.org/10.5603/GP.a2021.0171

cran_project. (2022). Calculation of variable importance for regression and classification

models. R. https://search.r-project.org/CRAN/refmans/caret/html/varlmp.html,

https://cran.r-project.org/web/packages/mcmcsae/vignettes/linear weighting.html

Creasy and Resnik's maternal-fetal medicine, Principles and practice. (2014). (R. K. Creasy,
R. Resnik, J. D. lams, C. J. Lockwood, T. R. Moore, & M. F. Greene, Eds. 7th ed.).
Elsevier Saunders.

Racial disparities in preterm birth. Semin Perinatol, 35(4), 234-239.

https://doi.org/10.1053/j.semperi.2011.02.020

78



De Kat, A. C., Hirst, J., Woodward, M., Kennedy, S., & Peters, S. A. (2019). Prediction
models for preeclampsia: A systematic review. Pregnancy Hypertens, 16, 48-66.

https://doi.org/10.1016/j.preghy.2019.03.005

Dechend, R., & Staff, A. C. (2012). Placenta Messages to the Mother. Hypertension, 59(2),

191-193. https://doi.org/10.1161/hypertensionaha.111.184861

Deepti Verma, S. G. (2016). Prediction of adverse pregnancy outcomes using uterine artery

Doppler imaging at 22-24 weeks of pregnancy: A North Indian experience. Turkish

Journal of obstetrics and gynaecology, 13, 80-84. https://doi.org/DOl:
10.4274/tjod.55632
Definition of Stillbirth. (1913). Proc R Soc Med, 6(Obstet Gynaecol Sect), 64.

https://www.ncbi.nlm.nih.gov/pubmed/19977103,

https://www.nchi.nlm.nih.gov/pmc/articles/PMC2006438/pdf/procrsmed00867-

0070.pdf

Dekker G.A, & Robillard P.Y. (2004). Preeclampsia: A Couple’s Disease with Maternal and
Fetal Manifestations. Current Pharmaceutical Design, 10(000-000).
Dekker GA, & Sibai BM. (1998). Etiology and pathogenesis of preeclampsia: current

concepts. Am J Obstet Gynecol, 98, 70160 - 70167. https://doi.org/doi:

10.1016/s0002-9378
Dekker, G. A., Robillard, P. Y., & Hulsey, T. C. (1998). Immune maladaptation in the
etiology of preeclampsia: a review of corroborative epidemiologic studies. Obstet

Gynecol Surv, 53(6), 377-382. https://doi.org/10.1097/00006254-199806000-00023

Deli¢, R., & Stefanovi¢, M. (2010). Optimal laboratory panel for predicting preeclampsia. J
Matern Fetal Neonatal Med, 23(1), 96-102.

https://doi.org/10.3109/14767050903156643

79


http://www.ncbi.nlm.nih.gov/pubmed/19977103
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2006438/pdf/procrsmed00867-

Darrington, M., Whippey, C., & Seabrook, J. A. (2021). Prevalence of Low Birth Weight,

Premature Birth, and Stillbirth Among Pregnant Adolescents in Canada: A Systematic

Review and Meta-analysis. J Pediatr Adolesc Gynecol, 34(4), 530-537.

https://doi.org/10.1016/j.jpag.2021.03.003

Demsar, J., & Zupan, B. (2021). Hands-on training about overfitting. PLOS Computational

Biology, 17(3), e1008671. https://doi.org/10.1371/journal.pchi.1008671

Department_of_health. (2019). Pregnancy Care Guidelines. online: Australian government

Retrieved from https://www.health.gov.au/resources/pregnancy-care-guidelines/part-

d-clinical-assessments/risk-of-pre-eclampsia#264-practice-summary-preeclampsia

Direkvand-Moghadam, A., Khosravi, A., & Sayehmiri, K. (2012). Predictive factors for
preeclampsia in pregnant women: a unvariate and multivariate logistic regression
analysis. Acta Biochim Pol, 59(4), 673-677.

https://www.nchi.nlm.nih.gov/pubmed/23198281

Direkvand-Moghadam, A., Khosravi, A., & Sayehmiri, K. (2013). Predictive factors for
preeclampsia in pregnant women: a Receiver Operation Character approach. Arch

Med Sci, 9(4), 684-689. https://doi.org/10.5114/aoms.2013.36900

Duckitt, K., & Harrington, D. (2005). Risk factors for pre-eclampsia at antenatal booking:
systematic review of controlled studies. BMJ, 330(7491), 565.

https://doi.org/10.1136/bmj.38380.674340.E0

Dymara-Konopka, W., Laskowska, M., & Oleszczuk, J. (2018). Preeclampsia - Current
Management and Future Approach. Curr Pharm Biotechnol, 19(10), 786-796.

https://doi.org/10.2174/1389201019666180925120109

Ediau, M., Wanyenze, R. K., Machingaidze, S., Otim, G., Olwedo, A., Iriso, R., &
Tumwesigye, N. M. (2013). Trends in antenatal care attendance and health facility

delivery following community and health facility systems strengthening interventions

80


http://www.health.gov.au/resources/pregnancy-care-guidelines/part-
http://www.ncbi.nlm.nih.gov/pubmed/23198281

in Northern Uganda. BMC Pregnancy Childbirth, 13, 189.

https://doi.org/10.1186/1471-2393-13-189

Ekun, O. A., Olawumi, O. M., Makwe, C. C., & Ogidi, N. O. (2018). Biochemical
Assessment of Renal and Liver Function among Preeclamptics in Lagos Metropolis.

Int J Reprod Med, 2018, 1594182. https://doi.org/10.1155/2018/1594182

Elosha Eiland, C. N., and Marquetta Faulkner. (2012). Preeclampsia. Journal of Pregnancy,
2012, 7. (Hindawi Publishing Corporation)

Espinoza, J., Kusanovic, J. P., Bahado-Singh, R., Gervasi, M. T., Romero, R., Lee, W.,
Vaisbuch, E., Mazaki-Tovi, S., Mittal, P., Gotsch, F., Erez, O., Gomez, R., Yeo, L., &
Hassan, S. S. (2010). Should bilateral uterine artery notching be used in the risk
assessment for preeclampsia, small-for-gestational-age, and gestational hypertension?

J Ultrasound Med, 29(7), 1103-1115. https://doi.org/10.7863/jum.2010.29.7.1103

Evans, D. H. (2006). Physical and technical principles. Front Neurol Neurosci, 21, 1-18.

https://doi.org/10.1159/000092379

Fay, R. A., Bromham, D. R., Brooks, J. A., & Gebski, V. J. (1985). Platelets and uric acid in
the prediction of preeclampsia. Am J Obstet Gynecol, 152(8), 1038-1039.

https://doi.org/DOI:10.1016/0002-9378(85)90555-1

Fisher, S. J. (2015). Why is placentation abnormal in preeclampsia? Am J Obstet Gynecol,

213(4 Suppl), S115-122. https://doi.org/10.1016/j.ajog.2015.08.042

Fleischer, A., Schulman, H., Farmakides, G., Bracero, L., Grunfeld, L., Rochelson, B., &
Koenigsberg, M. (1986). Uterine artery Doppler velocimetry in pregnant women with
hypertension. Am J Obstet Gynecol, 154(4), 806-813.

https://doi.org/DOI:10.1016/0002-9378(86)90462-x

Fushiki, T. (2011). Estimation of prediction error by using K-fold cross-validation. Statistics

and Computing, 21(2), 137-146. https://doi.org/10.1007/s11222-009-9153-8

81



Gallo, D., Poon, L. C., Fernandez, M., Wright, D., & Nicolaides, K. H. (2014). Prediction of
preeclampsia by mean arterial pressure at 11-13 and 20-24 weeks' gestation. Fetal

Diagn Ther, 36(1), 28-37. https://doi.org/10.1159/000360287

C., Akolekar, R., Syngelaki, A., & Nicolaides, K. H. (2013). Prediction of preeclampsia by
uterine artery Doppler at 20-24 weeks' gestation. Fetal Diagn Ther, 34(4), 241-247.

https://doi.org/10.1159/000356171

Gaziano, E. P., Freeman, D. W., & Allen, T. E. (1981). Antenatal prediction of women at
increased risk for infants with low birth weight. A discriminant analysis of maternal
characteristics known at 24 weeks. Am J Obstet Gynecol, 140(1), 99-107.

https://doi.org/10.1016/0002-9378(81)90263-5

Genbacev, O. D., Prakobphol, A., Foulk, R. A., Krtolica, A. R, llic, D., Singer, M. S., Yang,
Z.Q., Kiessling, L. L., Rosen, S. D., & Fisher, S. J. (2003). Trophoblast L-selectin-
mediated adhesion at the maternal-fetal interface. Science, 299(5605), 405-408.

https://doi.org/10.1126/science.1079546

Girling, J. C., Dow, E., & Smith, J. H. (1997). Liver function tests in pre-eclampsia:
importance of comparison with a reference range derived for normal pregnancy. Br J

Obstet Gynaecol, 104(2), 246-250. https://doi.org/10.1111/].1471-

0528.1997.th11054.x

Gonzaga, M. A., Kiguli-Malwadde, E., Businge, F., & Byanyima, R. K. (2010). Utilisation of
obstetric sonography at a peri-urban health centre in Uganda. Pan Afr Med J, 7, 24.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3172624/pdf/pamj-7-24.pdf

Goto, E. (2021). Association of high maternal blood alpha-fetoprotein level with risk of
delivering small for gestational age: a meta-analysis. Pediatr Res, 89(7), 1742-1750.

https://doi.org/10.1038/s41390-020-01124-8

82


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3172624/pdf/pamj-7-24.pdf

Gurung, A., Wrammert, J., Sunny, A. K., Gurung, R., Rana, N., Basaula, Y. N., Paudel, P.,
Pokhrel, A., & Kc, A. (2020). Incidence, risk factors and consequences of preterm
birth - findings from a multi-centric observational study for 14 months in Nepal. Arch

Public Health, 78, 64. https://doi.org/10.1186/s13690-020-00446-7

Habib, F. A. (2002). Prediction of low birth weight infants from ultrasound measurement of
placental diameter and placental thickness. Ann Saudi Med, 22(5-6), 312-314.

https://doi.org/10.5144/0256-4947.2002.312

Harmon, A. C., Cornelius, D. C., Amaral, L. M., Faulkner, J. L., Cunningham, M. W., Jr.,
Wallace, K., & LaMarca, B. (2016). The role of inflammation in the pathology of

preeclampsia. Clin Sci (Lond), 130(6), 409-419. https://doi.org/10.1042/CS20150702

Hassen, H. Y., Gebreyesus, S. H., Endris, B. S., Roro, M. A., & Van Geertruyden, J.-P.
(2020). Development and Validation of a Risk Score to Predict Low Birthweight
Using Characteristics of the Mother: Analysis from BUNMAP Cohort in Ethiopia.

Journal of Clinical Medicine, 9(5), 1587. https://doi.org/10.3390/jcm9051587

He, C., Shan, N., Xu, P., Ge, H,, Yuan, Y., Liu, Y., Zhang, P., Wen, L., Zhang, F., Xiong, L.,
Peng, C., Qi, H., Tong, C., & Baker, P. N. (2019). Hypoxia-induced Downregulation
of SRC-3 Suppresses Trophoblastic Invasion and Migration Through Inhibition of the
AKT/mTOR Pathway: Implications for the Pathogenesis of Preeclampsia. Sci Rep,

9(1), 10349. https://doi.org/10.1038/s41598-019-46699-3

Hernandez-Castro, F., Berlanga-Garza, A., Cruz-Gutiérrez, M. D., Soria-L6pez, J. A.,
Villagdmez-Martinez, G. E., & Davila-Escamilla, 1. V. (2021). Prediccion de bajo
peso al nacer con hipoglucemia en la prueba de tolerancia a la glucosa. Revista de

Saude Publica, 55, 30. https://doi.org/10.11606/s1518-8787.2021055002543

Hoffman, M. K. (2023). The great obstetrical syndromes and the placenta. BJOG, 130 Suppl

3, 8-15. https://doi.org/10.1111/1471-0528.17613

83



Holmgren, P. A., Stigbrand, T., Damber, M. G., & von Schoultz, B. (1979). Serum levels of
placental alkaline phosphatase in high-risk pregnancies. Obstet Gynecol, 54(5), 631-

634. https://www.ncbi.nlm.nih.gov/pubmed/503392

ISUOG. (2010). Practice guidelines for performance of the routine mid-trimester fetal
ultrasound scan. In Guidelines. Published online in Wiley Online Library
(wileyonlinelibrary.com): Wiley online library.

ISUOG. (2013). ISUOG Practice Guidelines: use of Doppler ultrasonography in obstetrics. In
Guidelines. Published online in Wiley Online Library (wileyonlinelibrary.com).

Wiley online library.

Jain, A., Schneider, H., Aliyev, E., Soydemir, F., Baumann, M., Surbek, D., Hediger, M.,
Brownbill, P., & Albrecht, C. (2014). Hypoxic treatment of human dual placental
perfusion induces a preeclampsia-like inflammatory response. Lab Invest, 94(8), 873-

880. https://doi.org/10.1038/labinvest.2014.76

Jefferies, A. L., Kirpalani, H. M., Canadian Paediatric Society, F., & Newborn, C. (2012).
Counselling and management for anticipated extremely preterm birth. Paediatr Child

Health, 17(8), 443-446. https://doi.org/10.1093/pch/17.8.443

Jeyabalan, A. (2013). Epidemiology of preeclampsia: Impact of obesity. Nutr Rev, 71(0 1),

10.1111/nure.12055. https://doi.org/10.1111/nure.12055

Jhee, J. H., Lee, S., Park, Y., Lee, S. E., Kim, Y. A, Kang, S.-W., Kwon, J.-Y., & Park, J. T.
(2019). Prediction model development of late-onset preeclampsia using machine
learning-based methods. PLoS One, 14(8), €0221202-e0221202.

https://doi.org/10.1371/journal.pone.0221202

Ji, X., & Kattan, M. W. (2018). Tutorial: development of an online risk calculator platform.
Annals of Translational Medicine, 6(3), 46-46.

https://doi.org/10.21037/atm.2017.11.37

84


http://www.ncbi.nlm.nih.gov/pubmed/503392

Jing, S., Chen, C., Gan, Y., Vogel, J., & Zhang, J. (2020). Incidence and trend of preterm
birth in China, 1990-2016: a systematic review and meta-analysis. BMJ Open, 10(12),

€039303. https://doi.org/10.1136/bmjopen-2020-039303

Jung, Y. (2018). Multiple predicting K-fold cross-validation for model selection. Journal of
Nonparametric Statistics, 30(1), 197-215.

https://doi.org/10.1080/10485252.2017.1404598

Kasasa, S., Natukwatsa, D., Galiwango, E., Nareeba, T., Gyezaho, C., Fisker, A. B.,
Mengistu, M. Y., Dzabeng, F., Haider, M. M., Yargawa, J., Akuze, J., Baschieri, A.,
Cappa, C., Jackson, D., Lawn, J. E., Blencowe, H., Kajungu, D., & Every Newborn, I.
S. C. G. (2021). Birth, stillbirth and death registration data completeness, quality and
utility in population-based surveys: EN-INDEPTH study. Popul Health Metr,

19(Suppl 1), 14. https://doi.org/10.1186/s12963-020-00231-2

Kashyap, M. K., Saxena, S. V., Khullar, M., Sawhney, H., & Vasishta, K. (2006). Role of
anion gap and different electrolytes in hypertension during pregnancy (preeclampsia).

Mol Cell Biochem, 282(1-2), 157-167. https://doi.org/10.1007/s11010-006-1739-2

Kassebaum, N. J., Bertozzi-Villa, A., Coggeshall, M. S., Shackelford, K. A., Steiner, C.,
Heuton, K. R., Gonzalez-Medina, D., Barber, R., Huynh, C., Dicker, D., Templin, T.,
Wolock, T. M., Ozgoren, A. A., Abd-Allah, F., Abera, S. F., Abubakar, I., Achoki, T.,
Adelekan, A., Ademi, Z., . . . Lozano, R. (2014). Global, regional, and national levels
and causes of maternal mortality during 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. The Lancet, 384(9947), 980-1004.

https://doi.org/10.1016/s0140-6736(14)60696-6

Kawooya, M. G. (2012). Training for rural radiology and imaging in sub-saharan Africa:

addressing the mismatch between services and population. J Clin Imaging Sci, 2, 37.

85



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=22919551

Kayode, G. A., Grobbee, D. E., Amoakoh-Coleman, M., Adeleke, I. T., Ansah, E., de Groot,
J. A., & Klipstein-Grobusch, K. (2016). Predicting stillbirth in a low resource setting.

BMC Pregnancy Childbirth, 16, 274. https://doi.org/10.1186/s12884-016-1061-2

Khalil, A., Rezende, J., Akolekar, R., Syngelaki, A., & Nicolaides, K. H. (2013). Maternal

racial origin and adverse pregnancy outcome: a cohort study. Ultrasound Obstet

Gynecol, 41(3), 278-285. https://doi.org/10.1002/u0g.12313
Kiguli-Malwadde, E., Byanyima, R., Kawooya, M. G., Mubuuke, A. G., Basiimwa, R. C., &
Pitcher, R. (2020). An audit of registered radiology equipment resources in Uganda.

Pan Afr Med J, 37, 295. https://doi.org/10.11604/pamj.2020.37.295.22046

Konchak, P. S., Bernstein, I. M., & Capeless, E. L. (1995). Uterine artery Doppler
velocimetry in the detection of adverse obstetric outcomes in women with
unexplained elevated maternal serum alpha-fetoprotein levels. Am J Obstet Gynecol,

173(4), 1115-1119. https://doi.org/10.1016/0002-9378(95)91336-x

Kuusela, P., Jacobsson, B., Hagberg, H., Fadl, H., Lindgren, P., Wesstrom, J., Wennerholm,
U. B., & Valentin, L. (2021). Second-trimester transvaginal ultrasound measurement
of cervical length for prediction of preterm birth: a blinded prospective multicentre

diagnostic accuracy study. BJOG, 128(2), 195-206. https://doi.org/10.1111/1471-

0528.16519
Kwinta, P., Klimek, M., Drozdz, D., Grudzien, A., Jagla, M., Zasada, M., & Pietrzyk, J. J.
(2011). Assessment of long-term renal complications in extremely low birth weight

children. Pediatr Nephrol, 26(7), 1095-1103. https://doi.org/10.1007/s00467-011-

1840-y

86


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

LacorHospital. (2020). ST. MARY"S HOSPITAL LACOR ANNUAL REPORT FINANCIAL

YEAR JULY 2015 - JUNE 2016 https://www.lacorhospital.org/wp-

content/uploads/2022/07/FY -2020-21-Annual-Report.pdf

Laine, K., Murzakanova, G., Sole, K. B., Pay, A. D., Heradstveit, S., & Raisanen, S. (2019).
Prevalence and risk of pre-eclampsia and gestational hypertension in twin
pregnancies: a population-based register study. BMJ Open, 9(7), e029908.

https://doi.org/10.1136/bmjopen-2019-029908

Laresgoiti-Servitje E, G.-L. N., Olson DM. (2011). An immunological insight into the origins

of pre-eclampsia. Hum Reprod Update., 17(2).

Lee, K. A., Chang, M. H., Park, M. H., Park, H., Ha, E. H., Park, E. A., & Kim, Y. J. (2011).

A model for prediction of spontaneous preterm birth in asymptomatic women. J

Womens Health (Larchmt), 20(12), 1825-1831. https://doi.org/10.1089/jwh.2011.2729

Lemyre, B., & Moore, G. (2017). Counselling and management for anticipated extremely
preterm birth. Paediatr Child Health, 22(6), 334-341.

https://doi.org/10.1093/pch/pxx058

Liu, Y., Xie, Z., Huang, Y., Lu, X., & Yin, F. (2023). Uterine arteries pulsatility index by
Doppler ultrasound in the prediction of preeclampsia: an updated systematic review

and meta-analysis. Arch Gynecol Obstet. https://doi.org/10.1007/s00404-023-07044-2

Llurba, E., Carreras, E., Gratacos, E., Juan, M., Astor, J., Vives, A., Hermosilla, E., Calero,
l., Millan, P., Garcia-Valdecasas, B., & Cabero, L. (2009). Maternal history and
uterine artery Doppler in the assessment of risk for development of early- and late-
onset preeclampsia and intrauterine growth restriction. Obstet Gynecol Int, 2009,

275613. https://doi.org/10.1155/2009/275613

87


http://www.lacorhospital.org/wp-

Lokki, A. 1., Heikkinen-Eloranta, J. K., & Laivuori, H. (2018). The Immunogenetic
Conundrum of Preeclampsia. Front Immunol, 9, 2630.

https://doi.org/10.3389/fimmu.2018.02630

Lopez-Mendez, M. A., Martinez-Gaytan, V., Cortes-Flores, R., Ramos-Gonzalez, R. M.,
Ochoa-Torres, M. A., Garza-Veloz, I., Martinez-Acufia, M. |., Badillo-Almaraz, J. 1.,
& Martinez-Fierro, M. L. (2013). Doppler ultrasound evaluation in preeclampsia.

BMC Res Notes, 6, 477. https://doi.org/10.1186/1756-0500-6-477

Lorentzen, B., Endresen, M. J., Clausen, T., & Henriksen, T. (1994). Fasting Serum Free
Fatty Acids and Triglycerides are Increased Before 20 Weeks of Gestation in Women
who Later Develop Preeclampsia. Hypertension in Pregnancy, 13(1), 103-109.

https://doi.org/10.3109/10641959409084177

Louis, B., Steven, B., Margret, N., Ronald, N., Emmanuel, L., Tadeo, N., Namagembe, .,
Kasangaki, A., & Cecily, B. (2016). Prevalence and Factors Associated with Low
Birth Weight among Teenage Mothers in New Mulago Hospital: A Cross Sectional

Study. J Health Sci (EI Monte), 4, 192-199. https://doi.org/10.17265/2328-

7136/2016.04.003

Lyall, F., Bulmer, J. N., Duffie, E., Cousins, F., Theriault, A., & Robson, S. C. (2001).
Human trophoblast invasion and spiral artery transformation: the role of PECAM-1 in
normal pregnancy, preeclampsia, and fetal growth restriction. The American Journal

of Pathology, 158(5), 1713-1721. https://doi.org/10.1016/S0002-9440(10)64127-2

Macdorman, M. F., & Declercq, E. (2019). Trends and state variations in out-of-hospital
births in the United States, 2004-2017. Birth, 46(2), 279-288.

https://doi.org/10.1111/birt.12411

Mactier, H., Bates, S. E., Johnston, T., Lee-Davey, C., Marlow, N., Mulley, K., Smith, L. K.,

To, M., Wilkinson, D., & Group, B. W. (2020). Perinatal management of extreme

88



preterm birth before 27 weeks of gestation: a framework for practice. Arch Dis Child

Fetal Neonatal Ed, 105(3), 232-239. https://doi.org/10.1136/archdischild-2019-

318402

Magee, L. A., Brown, M. A,, Hall, D. R., Gupte, S., Hennessy, A., Karumanchi, S. A,
Kenny, L. C., McCarthy, F., Myers, J., Poon, L. C., Rana, S., Saito, S., Staff, A. C.,
Tsigas, E., & von Dadelszen, P. (2022). The 2021 International Society for the Study
of Hypertension in Pregnancy classification, diagnosis & management
recommendations for international practice. Pregnancy Hypertens, 27, 148-1609.

https://doi.org/10.1016/j.preghy.2021.09.008

Magee, L. A., Smith, G. N., Bloch, C., Coté, A.-M., Jain, V., Nerenberg, K., von Dadelszen,

P., Helewa, M., & Rey, E. (2022). Guideline No. 426: Hypertensive Disorders of
Pregnancy: Diagnosis, Prediction, Prevention, and Management. Journal of Obstetrics
and Gynaecology Canada, 44(5), 547-571.e541.

https://doi.org/10.1016/j.jogc.2022.03.002

Malacova, E., Tippaya, S., Bailey, H. D., Chai, K., Farrant, B. M., Gebremedhin, A. T.,
Leonard, H., Marinovich, M. L., Nassar, N., Phatak, A., Raynes-Greenow, C., Regan,
A. K., Shand, A. W., Shepherd, C. C. J., Srinivasjois, R., Tessema, G. A., & Pereira,
G. (2020). stillbirth risk prediction using machine learning for a large cohort of births
from Western Australia, 1980-2015. Sci Rep, 10(1), 5354.

https://doi.org/10.1038/s41598-020-62210-9

Martell-Claros, N., Abad-Cardiel, M., Garcia-Donaire, J., De Los Santos, C., Gonzalez, V.,
Fuentes, M., De La Fuente, J. A., Perez-Perez, N., & Sosa, L. (2019).
HYPOALBUMINEMIA AS A RISK FACTOR OF PREECLAMPSIA-
ECLAMPSIA IN HIGH RISK PREGNANCY. Journal of Hypertension, 37, e240.

https://doi.org/10.1097/01.hjh.0000573076.28399.b1

89



Mastrodima, S., Akolekar, R., Yerlikaya, G., Tzelepis, T., & Nicolaides, K. H. (2016).
Prediction of stillbirth from biochemical and biophysical markers at 11-13 weeks.

Ultrasound Obstet Gynecol, 48(5), 613-617. https://doi.org/10.1002/u0q.17289

Maulik, D. (2005). Physical Principles of Doppler Ultrasonography. In D. Maulik (Ed.),
Doppler Ultrasound in Obstetrics and Gynecology (pp. 9-17). Springer Berlin

Heidelberg. https://doi.org/10.1007/3-540-28903-8_2

McKinney, D., Boyd, H., Langager, A., Oswald, M., Pfister, A., & Warshak, C. R. (2016).
The impact of fetal growth restriction on latency in the setting of expectant
management of preeclampsia. Am J Obstet Gynecol, 214(3), 395 €391-397.

https://doi.org/10.1016/j.aj0q.2015.12.050

Medawar, P. (1960). Nobel lecture. Retrieved July 9th from

https://www.nobelprize.org/prizes/medicine/1960/medawar/lecture/#:~:text=The%20s

tate%200f%20tolerance%20is%20specific%20in%20the%20sense%20that,another%

20from%20the%20same%20donor.

Meertens, L. J. E., van Montfort, P., Scheepers, H. C. J., van Kuijk, S. M. J., Aardenburg, R.,
Langenveld, J., van Dooren, I. M. A., Zwaan, I. M., Spaanderman, M. E. A., & Smits,
L. J. M. (2018). Prediction models for the risk of spontaneous preterm birth based on
maternal characteristics: a systematic review and independent external validation.

Acta Obstet Gynecol Scand, 97(8), 907-920. https://doi.org/10.1111/a0gs.13358

Mei-Dan, E., Wiznitzer, A., Sergienko, R., Hallak, M., & Sheiner, E. (2013). Prediction of
preeclampsia: liver function tests during the first 20 gestational weeks. J Matern Fetal

Neonatal Med, 26(3), 250-253. https://doi.org/10.3109/14767058.2012.733771

Meibody, F., Jamme, M., Tsatsaris, V., Provot, F., Lambert, J., Fremeaux-Bacchi, V.,
Ducloy-Bouthors, A. S., Jourdain, M., Delmas, Y., Perez, P., Darmian, J., Wynckel,

A., Rebibou, J. M., Coppo, P., Rafat, C., Rondeau, E., Frimat, L., & Hertig, A. (2019).

90


http://www.nobelprize.org/prizes/medicine/1960/medawar/lecture/#%3A~%3Atext%3DThe%20s

Post-partum acute kidney injury: sorting placental and non-placental thrombotic
microangiopathies using the trajectory of biomarkers. Nephrol Dial Transplant.

https://doi.org/10.1093/ndt/gfz025

Meijer, R. J., & Goeman, J. J. (2013). Efficient approximate k-fold and leave-one-out cross-
validation for ridge regression. Biom J, 55(2), 141-155.

https://doi.org/10.1002/bimj.201200088

Menardi, G., & Torelli, N. (2014). Training and assessing classification rules with
imbalanced data. Data Mining and Knowledge Discovery, 28(1), 92-122.

https://doi.org/10.1007/s10618-012-0295-5

Ministry of Health Uganda. (2016). Uganda Clinical guidelines (December 2016 ed.).
Ministry of Health.

http://health.go.ug/sites/default/files/Uganda%20Clinical%020Guidelines%202016 FI

NAL.pdf

Ministry_of Health, U. (2015). Annual health sector performance report 2014/2015. BTC

Retrieved from https://www.health.go.ug/cause/the-annual-health-sector-

performance-report-2015-16/

Ministry_of Health, U. (2016). Uganda Clinical guidelines. Kampala: Ministry of Health
Retrieved from

https://health.go.ug/sites/default/files/lUganda%20Clinical%20Guidelines%202016 FI

NAL.pdf

MoH. (2022). Essential Maternal and Newborn Clinical Care Guidelines for Uganda
Ministry of Health, Uganda.

http://library.health.go.ug/sites/default/files/resources/Essential%e20Maternal%20New

born%20Care%20Guidelines%202022%20V3.pdf

91


http://health.go.ug/sites/default/files/Uganda%20Clinical%20Guidelines%202016_FI
http://www.health.go.ug/cause/the-annual-health-sector-
http://library.health.go.ug/sites/default/files/resources/Essential%20Maternal%20New

MoH, U. (2019). <AHSPR 2018_19 FY Final copy.pdf>. Kampala Retrieved from

http://www.health.gov.sc/wp-content/uploads/Annual-Health-Sector-Performance-

Report-2019 SHORT-REPORT-1.pdf

MoH_Uganda. (2022). Essential Maternal Newborn Care Guidelines. Kampala: Ministry of
Health Retrieved from

http://library.health.go.ug/sites/default/files/resources/Essential%e20Maternal%020New

born%20Care%20Guidelines%202022%20V 3.pdf

Moore, L. G. (2021). HYPOXIA AND REPRODUCTIVE HEALTH: Reproductive
challenges at high altitude: fertility, pregnancy and neonatal well-being.

Reproduction, 161(1), F81-F90. https://doi.org/10.1530/rep-20-0349

Moreno-Torres, J. G., Saez, J. A., & Herrera, F. (2012). Study on the impact of partition-
induced dataset shift on k-fold cross-validation. IEEE Trans Neural Netw Learn Syst,

23(8), 1304-1312. https://doi.org/10.1109/TNNLS.2012.2199516

Morton, A., Lumchee, M., Kumar, S., & Jarvis, E. (2021). Pregnancy outcomes in women
with hyponatraemia and preeclampsia: Case series and literature review. Pregnancy

Hypertens, 26, 38-41. https://doi.org/10.1016/j.preghy.2021.08.116

Muin, D. A., Windsperger, K., Attia, N., & Kiss, H. (2022). Predicting singleton antepartum
stillbirth by the demographic Fetal Medicine Foundation Risk Calculator—A
retrospective case-control study. PLoS One, 17(1), e0260964.

https://doi.org/10.1371/journal.pone.0260964

Munazza, B., Raza, N., Naureen, A., Khan, S. A, Fatima, F., Ayub, M., & Sulaman, M.

(2011). Liver function tests in preeclampsia. J Ayub Med Coll Abbottabad, 23(4), 3-5.

https://www.nchi.nlm.nih.gov/pubmed/23472397

Myatt, L., Redman, C. WC., Hansson, S., Wilson, M. L., Laivuori, H., Poston, L., Roberts, J.

M., & Global Pregnancy, C. (2014). Strategy for standardization of preeclampsia

92


http://www.health.gov.sc/wp-content/uploads/Annual-Health-Sector-Performance-
http://library.health.go.ug/sites/default/files/resources/Essential%20Maternal%20New
http://www.ncbi.nlm.nih.gov/pubmed/23472397

research study design. Hypertension, 63(6), 1293-1301.

https://doi.org/10.1161/HYPERTENSIONAHA.113.02664

Myatt, L., & Roberts, J. M. (2015). Preeclampsia: Syndrome or Disease? Curr Hypertens

Rep, 17(11), 83. https://doi.org/10.1007/s11906-015-0595-4

Nakimuli, A., Chazara, O., Byamugisha, J., Elliott, A. M., Kaleebu, P., Mirembe, F., &
Moffett, A. (2014). Pregnancy, parturition and preeclampsia in women of African
ancestry. Am J Obstet Gynecol, 210(6), 510-520 e511.

https://doi.org/10.1016/j.aj0q.2013.10.879

Nakimuli, A., Chazara, O., Hiby, S. E., Farrell, L., Tukwasibwe, S., Jayaraman, J., Traherne,
J. A., Trowsdale, J., Colucci, F., Lougee, E., Vaughan, R. W., Elliott, A. M.,
Byamugisha, J., Kaleebu, P., Mirembe, F., Nemat-Gorgani, N., Parham, P., Norman,
P.J., & Moffett, A. (2015). A <i>KIR B</i> centromeric region present in Africans
but not Europeans protects pregnant women from pre-eclampsia. Proceedings of the
National Academy of Sciences, 112(3), 845-850.

https://doi.org/10.1073/pnas.1413453112

Ncube, C. N., Enquobahrie, D. A., Burke, J. G,, Ye, F., Marx, J., & Albert, S. M. (2019).
Racial disparities in the transgenerational transmission of low birthweight risk. Ethn

Health, 24(7), 829-840. https://doi.org/10.1080/13557858.2017.1378804

Negrato, C. A., & Gomes, M. B. (2013). Low birth weight: causes and consequences.

Diabetol Metab Syndr, 5, 49. https://doi.org/10.1186/1758-5996-5-49

Nelson, T. R., & Pretorius, D. H. (1988). The Doppler signal: where does it come from and
what does it mean? AJR Am J Roentgenol, 151(3), 439-447.

https://doi.org/10.2214/ajr.151.3.439

Neuman, L. (2013). The meanings of methodology. In Social Research Methods:

Quantitative and qualitative approches (7th ed., pp. 91-124). Pearson Education

93



Limited 2014. https://letrunghieutvu.yolasite.com/resources/w-lawrence-neuman-

social-research-methods -gualitative-and-quantitative-approaches-pearson-education-

limited-2013.pdf

NICE. (2021). Hypertension-in-pregnancy-reducing-the-risk-of-hypertensive-disorders-
before-and-during-pregnancy.pdf. In.

Nicola Lunardon, G. M., and Nicola Torelli. (2014). ROSE: A Package for Binary
Imbalanced Learning. R Journal, 6(1), 79 - 89. https://journal.r-

project.org/archive/2014/RJ-2014-008/index.html

Nieves-Colén, M. A., Badillo Rivera, K. M., Sandoval, K., Villanueva Davalos, V., Enriquez
Lencinas, L. E., Mendoza-Revilla, J., Adhikari, K., Gonzalez-Buenfil, R., Chen, J.

W., Zhang, E. T., Sockell, A., Ortiz-Tello, P., Hurtado, G. M., Condori Salas, R.,

Cebrecos, R., Manzaneda Choque, J. C., Manzaneda Choque, F. P., Yabar Pilco, G.

P., Rawls, E., . . . Moreno-Estrada, A. (2022). Clotting factor genes are associated
with preeclampsia in high-altitude pregnant women in the Peruvian Andes. The
American Journal of Human Genetics, 109(6), 1117-1139.

https://doi.org/https://doi.org/10.1016/j.ajhg.2022.04.014

North, R. A., Ferrier, C., Long, D., Townend, K., & Kincaid-Smith, P. (1994). Uterine artery
Doppler flow velocity waveforms in the second trimester for the prediction of
preeclampsia and fetal growth retardation. Obstet Gynecol, 83(3), 378-386.

http://www.ncbi.nlm.nih.gov/pubmed/8127529

North, R. A., McCowan, L. M., Dekker, G. A., Poston, L., Chan, E. H., Stewart, A. W.,
Black, M. A., Taylor, R. S., Walker, J. J., Baker, P. N., & Kenny, L. C. (2011).
Clinical risk prediction for pre-eclampsia in nulliparous women: development of
model in international prospective cohort. BMJ, 342, d1875.

https://doi.org/10.1136/bmj.d1875

94


http://www.ncbi.nlm.nih.gov/pubmed/8127529

Noura, N. (2015). Liver Function Tests as Probable Markers of Preeclampsia - A Prospective
Study Conducted in Riyadh. Journal of Clinical and Analytical Medicine, 6.

https://doi.org/10.4328/JCAM.2200

Nunes, A., Melo, F., Silva, J. E., Costa, A., Bispo, M. A., & Palminha, J. M. (1998).
[Importance of J. Brazy's neurobiological index. Prediction of the number and
severity of complications in very low birth weight infants]. Acta Med Port, 11(7),

615-621. https://www.ncbi.nlm.nih.gov/pubmed/9859506,

https://www.actamedicaportuguesa.com/revista/index.php/amp/article/download/2309

/1727 (Importancia do indice neurobiologico de J. Brazy. Prediccao do numero e
gravidade de sequelas dos recem nascidos de muito baixo peso.)

Okunowo, A. A., & Smith-Okonu, S. T. (2020). The trend and characteristics of stillbirth
delivery in a university teaching hospital in Lagos, Nigeria. Ann Afr Med, 19(4), 221-

229. https://doi.org/10.4103/aam.aam 44 19

Onwudiwe, N., Yu, C. K., Poon, L. C., Spiliopoulos, I., & Nicolaides, K. H. (2008).
Prediction of pre-eclampsia by a combination of maternal history, uterine artery
Doppler and mean arterial pressure. Ultrasound Obstet Gynecol, 32(7), 877-883.

https://doi.org/10.1002/uog.6124

Opondo, C., Jayaweera, H., Hollowell, J., Li, Y., Kurinczuk, J. J., & Quigley, M. A. (2020).
Variations in neonatal mortality, infant mortality, preterm birth and birth weight in
England and Wales according to ethnicity and maternal country or region of birth: an
analysis of linked national data from 2006 to 2012. J Epidemiol Community Health,

74(4), 336-345. https://doi.org/10.1136/jech-2019-213093

Ortner, C. M., Combrinck, B., Allie, S., Story, D., Landau, R., Cain, K., & Dyer, R. A.

(2015). Strong ion and weak acid analysis in severe preeclampsia: potential clinical

95


http://www.ncbi.nlm.nih.gov/pubmed/9859506
http://www.actamedicaportuguesa.com/revista/index.php/amp/article/download/2309

significancet. BJA: British Journal of Anaesthesia, 115(2), 275-284.

https://doi.org/10.1093/bja/aev221

Osypuk, T. L., & Acevedo-Garcia, D. (2008). Are Racial Disparities in Preterm Birth Larger
in Hypersegregated Areas? American Journal of Epidemiology, 167(11), 1295-1304.

https://doi.org/10.1093/aje/kwn043

Owusu Darkwa, E., Djagbletey, R., Antwi-Boasiako, C., Aryee, G., Sottie, D., & Akowuah,
A. (2017). Serum sodium and potassium levels in preeclampsia: A case-control study
in a large tertiary hospital in Ghana. Cogent Medicine, 4(1), 1376898.

https://doi.org/10.1080/2331205X.2017.1376898

Ozcan, T., Kaleli, B., Ozeren, M., Turan, C., & Zorlu, G. (1995). Urinary calcium to
creatinine ratio for predicting preeclampsia. Am J Perinatol, 12(5), 349-351.

https://doi.org/10.1055/s-2007-994494

Palmer, S. K., Moore, L. G., Young, D., Cregger, B., Berman, J. C., & Zamudio, S. (1999).
Altered blood pressure course during normal pregnancy and increased preeclampsia at
high altitude (3100 meters) in Colorado. Am J Obstet Gynecol, 180(5), 1161-1168.

https://doi.org/10.1016/s0002-9378(99)70611-3

Palmer, S. K., Zamudio, S., Coffin, C., Parker, S., Stamm, E., & Moore, L. G. (1992).
Quantitative estimation of human uterine artery blood flow and pelvic blood flow
redistribution in pregnancy. Obstet Gynecol, 80(6), 1000-1006.

https://www.ncbi.nlm.nih.gov/pubmed/1448242

Papageorghiou, A. T., Yu, C. K., Bindra, R., Pandis, G., Nicolaides, K. H., & Fetal Medicine
Foundation Second Trimester Screening, G. (2001). Multicenter screening for pre-
eclampsia and fetal growth restriction by transvaginal uterine artery Doppler at 23
weeks of gestation. Ultrasound Obstet Gynecol, 18(5), 441-449.

https://doi.org/10.1046/j.0960-7692.2001.00572.X

96


http://www.ncbi.nlm.nih.gov/pubmed/1448242

Papageorghiou, A. T., Yu, C. K., Erasmus, I. E., Cuckle, H. S., & Nicolaides, K. H. (2005).
Assessment of risk for the development of pre-eclampsia by maternal characteristics
and uterine artery Doppler. BJOG, 112(6), 703-709.

http://mwww.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=15924523

Park, J. A, Sung, M. D., Kim, H. H., & Park, Y. R. (2021). Weight-Based Framework for
Predictive Modeling of Multiple Databases With Noniterative Communication
Without Data Sharing: Privacy-Protecting Analytic Method for Multi-Institutional

Studies. JMIR Med Inform, 9(4), €21043. https://doi.org/10.2196/21043

Pavlou, M., Ambler, G., Seaman, S. R., Guttmann, O., Elliott, P., King, M., & Omar, R. Z.
(2015). How to develop a more accurate risk prediction model when there are few

events. BMJ, h3868. https://doi.org/10.1136/bmj.h3868

Pedroso, M. A., Palmer, K. R., Hodges, R. J., Costa, F. D. S., & Rolnik, D. L. (2018). Uterine
Artery Doppler in Screening for Preeclampsia and Fetal Growth Restriction. Rev Bras

Ginecol Obstet, 40(5), 287-293. https://doi.org/10.1055/s-0038-1660777 (Doppler das

arterias uterinas no rastreamento para pre-eclampsia e restricao do crescimento fetal.)
Phyllis August, & Sibai, B. M. (2022). Preeclampsia: Clinical features and diagnosis

https://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis

Pijnenborg, R., Bland, J. M., Robertson, W. B., & Brosens, I. (1983). Uteroplacental arterial
changes related to interstitial trophoblast migration in early human pregnancy.

Placenta, 4(4), 397-413. https://doi.org/10.1016/s0143-4004(83)80043-5

Plasencia, W., Maiz, N., Poon, L., Yu, C., & Nicolaides, K. H. (2008). Uterine artery Doppler
at 11 + 0 to 13 + 6 weeks and 21 + 0 to 24 + 6 weeks in the prediction of pre-
eclampsia. Ultrasound Obstet Gynecol, 32(2), 138-146.

https://doi.org/10.1002/uog.5402

97


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci
http://www.uptodate.com/contents/preeclampsia-clinical-features-and-diagnosis

Poon, L. C., Shennan, A., Hyett, J. A., Kapur, A., Hadar, E., Divakar, H., McAuliffe, F., da
Silva Costa, F., von Dadelszen, P., Mclintyre, H. D., Kihara, A. B., Di Renzo, G. C.,
Romero, R., D'Alton, M., Berghella, V., Nicolaides, K. H., & Hod, M. (2019). The
International Federation of Gynecology and Obstetrics (FIGO) initiative on pre-
eclampsia: A pragmatic guide for first-trimester screening and prevention. Int J

Gynaecol Obstet, 145 Suppl 1, 1-33. https://doi.org/10.1002/ijgo.12802

Possomato-Vieira, J. S., & Khalil, R. A. (2016). Mechanisms of Endothelial Dysfunction in
Hypertensive Pregnancy and Preeclampsia. Adv Pharmacol, 77, 361-431.

https://doi.org/10.1016/bs.apha.2016.04.008

Powe, C. E., Levine, R. J., & Karumanchi, S. A. (2011). Preeclampsia, a disease of the
maternal endothelium: the role of antiangiogenic factors and implications for later
cardiovascular disease. Circulation, 123(24), 2856-2869.

https://doi.org/10.1161/CIRCULATIONAHA.109.853127

Prajapati, S. R., & Maitra, N. (2013). Prediction of pre-eclampsia by a combination of
maternal history, uterine artery Doppler, and mean arterial pressure (a prospective
study of 200 cases). J Obstet Gynaecol India, 63(1), 32-36.

https://doi.org/10.1007/s13224-012-0239-4

Prins, J. R., van der Hoorn, M. L., Keijser, R., Ris-Stalpers, C., van Beelen, E., Afink, G. B.,
Claas, F. H., van der Post, J. A., & Scherjon, S. A. (2016). Higher decidual EBI3 and
HLA-G mRNA expression in preeclampsia: Cause or consequence of preeclampsia.

Hum Immunol, 77(1), 68-70. https://doi.org/10.1016/j.humimm.2015.10.004

Ramakrishnan, U. (2004). Nutrition and low birth weight: from research to practice. Am J

Clin Nutr, 79(1), 17-21. https://doi.org/10.1093/ajcn/79.1.17

Ranganath, L., Taylor, W., John, L., & Alfirevic, Z. (2008). Biochemical diagnosis of

placental infarction/damage: acutely rising alkaline phosphatase. Annals of Clinical



Biochemistry: International Journal of Laboratory Medicine, 45(3), 335-338.

https://doi.org/10.1258/acb.2007.007098

Ray, J. G., Park, A. L., & Fell, D. B. (2017). Mortality in Infants Affected by Preterm Birth
and Severe Small-for-Gestational Age Birth Weight. Pediatrics, 140(6).

https://doi.org/10.1542/peds.2017-1881

Reddy, U. M., Laughon, S. K., Sun, L., Troendle, J., Willinger, M., & Zhang, J. (2010).

Prepregnancy risk factors for antepartum stillbirth in the United States. Obstet

Gynecol, 116(5), 1119-1126. https://doi.org/10.1097/A0G.0b013e3181f903f8
Redman, C. W. (2011). Preeclampsia: a multi-stress disorder. Rev Med Interne, 32 Suppl 1,

S41-44, https://doi.org/10.1016/j.revmed.2011.03.331

Redman, C. W., & Sargent, I. L. (2003). Pre-eclampsia, the placenta and the maternal
systemic inflammatory response--a review. Placenta, 24 Suppl A, S21-27.

https://doi.org/DOI:10.1053/plac.2002.0930

Redman, C. W., & Sargent, I. L. (2005). Latest advances in understanding preeclampsia.

Science, 308(5728), 1592-1594. https://doi.org/10.1126/science.1111726

Redman, C. W., Sargent, I. L., & Staff, A. C. (2014). IFPA Senior Award Lecture: making
sense of pre-eclampsia - two placental causes of preeclampsia? Placenta, 35 Suppl,

S20-25. https://doi.org/10.1016/j.placenta.2013.12.008

Regasa, M. T., Hinkosa, L., Besho, M., Bekele, T., Bekuma, T. T., Tsegaye, R., Hirko, G. F.,
Markos, J., & Wakgari, A. (2021). Predictors of preterm birth in Western Ethiopia: A
case-control study. PLoS One, 16(4), e0247927.

https://doi.org/10.1371/journal.pone.0247927

Riley, R. D., Ensor, J., Snell, K. I. E., Harrell, F. E., Martin, G. P., Reitsma, J. B., Moons, K.

G. M., Collins, G., & Van Smeden, M. (2020). Calculating the sample size required

99



for developing a clinical prediction model. BMJ, m441.

https://doi.org/10.1136/bmj.m441

Robillard, P. Y., Dekker, G., Chaouat, G., Scioscia, M., lacobelli, S., & Hulsey, T. C. (2017).
Historical evolution of ideas on eclampsia/preeclampsia: A proposed optimistic view
of preeclampsia. J Reprod Immunol, 123, 72-77.

https://doi.org/10.1016/j.jri.2017.09.006

Robillard, P. Y., Dekker, G., Scioscia, M., Bonsante, F., lacobelli, S., Boukerrou, M., &
Hulsey, T. C. (2020). Validation of the 34-week gestation as definition of late onset
preeclampsia: Testing different cutoffs from 30 to 37 weeks on a population-based
cohort of 1700 preeclamptics. Acta Obstet Gynecol Scand, 99(9), 1181-1190.

https://doi.org/10.1111/a0gs.13846

Rock, J. A., & Jones, H. W. (2008). Te Linde's Operative Gynecology (J. A. Rock & H. W.
JonesllIl, Eds. 10th ed.). Wolters Kluwer, Lippincott, Williams & Wilkins.

Rodriguez, M. H., Masaki, D. ., Mestman, J., Kumar, D., & Rude, R. (1988).
Calcium/creatinine ratio and microalbuminuria in the prediction of preeclampsia. Am

J Obstet Gynecol, 159(6), 1452-1455. http://www.ncbi.nlm.nih.gov/pubmed/3061296

Ross, A. B., DeStigter, K. K., Rielly, M., Souza, S., Morey, G. E., Nelson, M., Silfen, E. Z.,
Garra, B., Matovu, A., & Kawooya, M. G. (2013). A low-cost ultrasound program
leads to increased antenatal clinic visits and attended deliveries at a health care clinic
in rural Uganda. PLoS One, 8(10), e78450.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=24205234

Rowland Hogue, C. J., & Silver, R. M. (2011). Racial and ethnic disparities in United States:
stillbirth rates: trends, risk factors, and research needs. Semin Perinatol, 35(4), 221-

233. https://doi.org/10.1053/j.semperi.2011.02.019

100


http://www.ncbi.nlm.nih.gov/pubmed/3061296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

Sadler T.W. (2019). Langman's Medical embryology (14th ed.). Wolters Kluwer.

https://www.vet-ebooks.com/langmans-medical-embryology-14th-edition/

Salihu, H. M., Kinniburgh, B. A., Aliyu, M. H., Kirby, R. S., & Alexander, G. R. (2004).
Racial disparity in stillbirth among singleton, twin, and triplet gestations in the United
States. Obstet Gynecol, 104(4), 734-740.

https://doi.org/10.1097/01.A0G.0000139944.15133.e3

Shakuntala Chhabra, Jaiswal, A., & Singh, A. (2016). Prediction of Hypertensive Disorders
ofPregnancy by Measuring Cardiac Output in Early Pregnancy IBIMA Publishing
Obstetrics & Gynecology: An International Journal 2016, 8.

https://doi.org/10.5171/2016. 827403

Shibre, G., & Tamire, M. (2020). Prevalence of and socioeconomic gradient in low birth
weight in Ethiopia: further analysis of the 2016 demographic and health survey data.

BMC Pregnancy Childbirth, 20(1), 608. https://doi.org/10.1186/s12884-020-03313-z

Silvia Awor, Rosemary Byanyima, Benard Abola, Paul Kiondo, Christopher Garimoi-Orach,
Jasper Ogwal-Okeng, Annettee Nakimuli, & Kaye4, D. (2022). Prediction of low
birth weight at term in low resource setting of Gulu city, Uganda: a prospective cohort

study. PAMJ - Clinical medicine, 10(28). https://doi.org/10.11604/pamj-

cm.2022.10.28.37102

Sinding, M., Peters, D. A., Frokjaer, J. B., Christiansen, O. B., Petersen, A., Uldbjerg, N., &
Sorensen, A. (2017). Prediction of low birth weight: Comparison of placental T2*
estimated by MRI and uterine artery pulsatility index. Placenta, 49, 48-54.

https://doi.org/10.1016/j.placenta.2016.11.009

Singh, A, Arya, S., Chellani, H., Aggarwal, K. C., & Pandey, R. M. (2014). Prediction model
for low birth weight and its validation. Indian J Pediatr, 81(1), 24-28.

https://doi.org/10.1007/s12098-013-1161-1

101


http://www.vet-ebooks.com/langmans-medical-embryology-14th-edition/

Stubert, J., Grundler, K., Gerber, B., Richter, D. U., & Dieterich, M. (2021). Prediction of
Spontaneous Preterm Birth in At-risk Women Using Thrombospondin 1 from
Cervicovaginal Fluid: A Prospective Observational Study. Geburtshilfe Frauenheilkd,

81(9), 1055-1064. https://doi.org/10.1055/a-1486-7148

Stubert, J., Hinz, B., & Berger, R. (2023). The Role of Acetylsalicylic Acid in the Prevention
of Pre-Eclampsia, Fetal Growth Restriction, and Preterm Birth. Dtsch Arztebl Int,

120(37), 617-626. https://doi.org/10.3238/arztebl.m2023.0133

Sultana, M., Begum, R., Akhter, Q., Lovely, N., Akhter, S., & Islam, M. (2012). Serum
calcium and phosphate level in normal pregnant women. Bangladesh Journal of

Medical Science, 11. https://doi.org/10.3329/bjms.v11i3.11732

Tayyar, A., Guerra, L., Wright, A., Wright, D., & Nicolaides, K. H. (2015). Uterine artery
pulsatility index in the three trimesters of pregnancy: effects of maternal
characteristics and medical history. Ultrasound Obstet Gynecol, 45(6), 689-697.

https://doi.org/10.1002/uog.14789

Tejera, E., Sanchez, M. E., Henriquez-Trujillo, A. R., Perez-Castillo, Y., & Coral-Almeida,
M. (2021). A population-based study of preeclampsia and eclampsia in Ecuador:
ethnic, geographical and altitudes differences. BMC Pregnancy Childbirth, 21(1),

116. https://doi.org/10.1186/s12884-021-03602-1

Thangaratinam, S., Koopmans, C. M., lyengar, S., Zamora, J., Ismail, K., Mol, B. W. M., &
Khan, K. (2011). Accuracy of liver function tests for predicting adverse maternal and
fetal outcomes in women with preeclampsia: A systematic review (\Vol. 90).

https://doi.org/10.1111/j.1600-0412.2011.01112.X

The_fetal_medicine_foundation. (2022). Risk for stillbirth calculator. The fetal medicine
foundation. Retrieved 6/4/2022 from

https://fetalmedicine.org/research/assess/stillbirth

102



Tingleff, T., Raisanen, S., Vikanes, A., Sandvik, L., & Laine, K. (2021). Association between
maternal country of birth and preterm birth: A population-based register study of
910,752 deliveries. Scand J Public Health, 1403494821992894.

https://doi.org/10.1177/1403494821992894

Tong, W., & Giussani, D. A. (2019). Preeclampsia link to gestational hypoxia. J Dev Orig

Health Dis, 10(3), 322-333. https://doi.org/10.1017/S204017441900014X

Trudell, A. S, Tuuli, M. G., Colditz, G. A., Macones, G. A., & Odibo, A. O. (2017). A
stillbirth calculator: Development and internal validation of a clinical prediction
model to quantify stillbirth risk. PLoS One, 12(3), e0173461.

https://doi.org/10.1371/journal.pone.0173461

Trudinger, B. J., Giles, W. B., & Cook, C. M. (1985). Uteroplacental blood flow velocity-
time waveforms in normal and complicated pregnancy. Br J Obstet Gynaecol, 92(1),

39-45. https://doi.org/D0O1:10.1111/j.1471-0528.1985.tb01046.X

Tudor, A., Novac, L., Camen, I. V., Manolea, M. M., Sandulescu, M. S., Vrabie, S. C,,
Serbanescu, M. S., Boldeanu, M. V., Istrate-Ofiteru, A. M., & Dijmarescu, A. L.
(2023). The Role of Uterine Artery Doppler in the Second and Third Trimesters for
Prediction of Preeclampsia and Fetal Growth Restriction Developed as a Consequence
of Placental-Mediated Diseases. Curr Health Sci J, 49(2), 251-256.

https://doi.org/10.12865/CHSJ.49.02.251

UBOS. (2020). UBOS Statistical Abstract 2020. Kampala: UBOS
UCG. (2023). Uganda Clinical guidelines. Kampala Retrieved from

https://www.health.go.ug/wp-content/uploads/2023/11/UCG-2023-Publication-Final-

PDF-Version-1.pdf

UDHS. (2011). Uganda Demographic and Health Survey (M. 0. H. Uganda, Ed.)

https://dhsprogram.com/pubs/pdf/fr264/fr264.pdf

103


http://www.health.go.ug/wp-content/uploads/2023/11/UCG-2023-Publication-Final-

UDHS. (2022). Uganda Demographic and Health Survey 2022.

https://www.health.go.ug/wp-content/uploads/2023/09/UDHS-2022-presentation-

final.pdf

Uzan, J., Carbonnel, M., Piconne, O., Asmar, R., & Ayoubi, J. M. (2011). Pre-eclampsia:
pathophysiology, diagnosis, and management. Vasc Health Risk Manag, 7, 467-474.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=21822394

v —

epidemiological studies. Gerontologija, 7(4), 225 - 231.

https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.552.2174&rep=repl&type

=pdf
Vahdat, M., Kashanian, M., Sariri, E., & Mehdinia, M. (2012). Evaluation of the value of
calcium to creatinine ratio for predicting of pre-eclampsia. J Matern Fetal Neonatal

Med, 25(12), 2793-2794. https://doi.org/10.3109/14767058.2012.712561

van Zijl, M. D., Koullali, B., Mol, B. W. J., Snijders, R. J., Kazemier, B. M., & Pajkrt, E.
(2020). The predictive capacity of uterine artery Doppler for preterm birth-A cohort
study. Acta Obstet Gynecol Scand, 99(4), 494-502.

https://doi.org/10.1111/a0gs.13770

Veall, M. R., & Zimmermann, K. F. (1994). Evaluating Pseudo-R2's for binary probit

models. Qual Quant, 28(2), 151-164. https://doi.org/10.1007/bf01102759

Veall, M. R., & Zimmermann, K. F. (1996). PSEUDO-R2ZMEASURES FOR SOME
COMMON LIMITED DEPENDENT VARIABLE MODELS. Journal of Economic

Surveys, 10(3), 241-259. https://doi.org/10.1111/].1467-6419.1996.tb00013.x

Wagner, L. K. (2004). Diagnosis and management of preeclampsia. Am Fam Physician,

70(12), 2317-2324.

104


http://www.health.go.ug/wp-content/uploads/2023/09/UDHS-2022-presentation-
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=15617295

Waiswa, P., Kallander, K., Peterson, S., Tomson, G., & Pariyo, G. W. (2010). Using the three
delays model to understand why newborn babies die in eastern Uganda. Trop Med Int
Health, 15(8), 964-972.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=20636527

https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/j.1365-

3156.2010.02557.x?download=true

Wakeyo, D., Addisu, Y., & Mareg, M. (2020). Determinants of Preterm Birth among Mothers
Who Gave Birth in Dilla University Referral Hospital, Southern Ethiopia: A Case-

Control Study. Biomed Res Int, 2020, 7031093. https://doi.org/10.1155/2020/7031093

Wandabwa, J., Doyle, P., Kiondo, P., Campbell, O., Maconichie, N., & Welishe, G. (2010).
Risk factors for severe pre-eclampsia and eclampsia in Mulago Hospital, Kampala,
Uganda. East Afr Med J, 87(10), 415-424.

https://www.nchi.nlm.nih.gov/pubmed/23057275

Weiner, E., Mizrachi, Y., Grinstein, E., Feldstein, O., Rymer-Haskel, N., Juravel, E.,
Schreiber, L., Bar, J., & Kovo, M. (2016). The role of placental histopathological
lesions in predicting recurrence of preeclampsia. Prenat Diagn, 36(10), 953-960.

https://doi.org/10.1002/pd.4918

WHO. (2010). International statistical classification of diseases and related health problems
ICD10. In ICD10 (5TH ed., Vol. 10). online: WHO.
WHO. (2018, 19 Feb 2018). Preterm birth. Retrieved April 2022 from

https://www.who.int/news-room/fact-sheets/detail/preterm-birth

105


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci
http://www.ncbi.nlm.nih.gov/pubmed/23057275
http://www.who.int/news-room/fact-sheets/detail/preterm-birth

William's Obstetrics. (2018). (F. G. Cunningham, K. J. Leveno, S. L. Bloom, J. C. Hauth, D.
J. Rouse, & C. Y. Spong, Eds. 24th ed.). Mc Mcgraw Hill.

Williams, A. D., Wallace, M., Nobles, C., & Mendola, P. (2018). Racial residential
segregation and racial disparities in stillbirth in the United States. Health Place, 51,

208-216. https://doi.org/10.1016/j.healthplace.2018.04.005

Willinger, M., Ko, C. W., & Reddy, U. M. (2009). Racial disparities in stillbirth risk across
gestation in the United States. Am J Obstet Gynecol, 201(5), 469 e461-468.

https://doi.org/10.1016/j.aj0q.2009.06.057

Witcher, P. M. (2018). Preeclampsia: Acute Complications and Management Priorities.

AACN Adv Crit Care, 29(3), 316-326. https://doi.org/10.4037/aachacc2018710

World Health, O., & United Nations Children's, F. (2004). Low birthweight : country,
regional and global estimates. In. Geneva: World Health Organization.

Wright, D., Akolekar, R., Syngelaki, A., Poon, L. C., & Nicolaides, K. H. (2012). A
competing risks model in early screening for preeclampsia. Fetal Diagn Ther, 32(3),

171-178. https://doi.org/10.1159/000338470

Wright, D., Syngelaki, A., Akolekar, R., Poon, L. C., & Nicolaides, K. H. (2015). Competing
risks model in screening for preeclampsia by maternal characteristics and medical
history. American Journal of obstetrics and Gynecology, 213(62), 1-10.

Xiong, X., Wang, F. L., Davidge, S. T., Demianczuk, N. N., Mayes, D. C., Olson, D. M., &
Saunders, L. D. (2000). Maternal smoking and preeclampsia. J Reprod Med, 45(9),
727-732.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

tation&list uids=11027081

106


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Ci

Xue, Y., Yang, N., Gu, X., Wang, Y., Zhang, H., & Jia, K. (2023). Risk Prediction Model of
Early-Onset Preeclampsia Based on Risk Factors and Routine Laboratory Indicators.

Life (Basel), 13(8). https://doi.org/10.3390/life13081648

Yasmin Casmod, B. V. D., E. Nicolaou. (2016). Uterine artery Doppler screening as a
predictor of pre-eclampsia. health sa gesondheid, 21, 391-396.
Yerlikaya, G., Akolekar, R., McPherson, K., Syngelaki, A., & Nicolaides, K. H. (2016).

Prediction of stillbirth from maternal demographic and pregnancy characteristics.

Ultrasound Obstet Gynecol, 48(5), 607-612. https://doi.org/10.1002/u0g.17290
Yousuf, S., Ahmad, A., Qadir, S., Gul, S., Tali, S. H., Shaheen, F., Akhtar, S., & Dar, R.

(2016). Utility of Placental Laterality and Uterine Artery Doppler Abnormalities for

Prediction of Preeclampsia. J Obstet Gynaecol India, 66(Suppl 1), 212-216.

https://doi.org/10.1007/s13224-015-0837-z

Yucel, B., & Ustun, B. (2017). Neutrophil to lymphocyte ratio, platelet to lymphocyte ratio,
mean platelet volume, red cell distribution width and plateletcrit in preeclampsia.

Pregnancy Hypertens, 7, 29-32. https://doi.org/10.1016/j.preghy.2016.12.002

Zamudio, S. (2007). High-altitude hypoxia and preeclampsia. Front Biosci, 12, 2967-2977.

https://doi.org/10.2741/2286

107



ANNEX 1: CONSENT FORM
Title of the study:
Using ultrasonography and maternal characteristics to predict preeclampsia and adverse

pregnancy outcomes at St. Mary’s Hospital Lacor
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SUPERVISORS:
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Background and rationale for the study:

Preeclampsia (PE) is a new onset of high blood pressure (Blood pressure of >140/90 mmHg)
and proteinuria (> + urine dipstick or 0.3 grams per 24-hour urine) after 20 weeks of
gestation in a previously normotensive woman. The cause is not known. The incidence
ranges from 3% to 10% in nulliparous women and 1% to 3% in multiparous women. It is a
major cause of maternal death, especially in sub-Saharan Africa. In Uganda, it causes 12% to
19% of maternal deaths. Delivery of the fetus is the only known cure for preeclampsia. We
hope that by conducting this study, we shall be able to identify mothers at risk of
preeclampsia early and contribute to the existing strategies available for the reduction of

maternal death in Uganda.
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A description of the sponsors of the research project and the organizational affiliation
of the researchers:

The PhD study is sponsored by SIDA — Makerere University bilateral research program.
They provide part of the research fund, tuition fees, and stipends. St. Mary’s Hospital Lacor
has provided space for my rented ultrasound machine, a laboratory facility at a fee, and office
space for data collection. Gulu University provides some laboratory reagents, and Family

members have provided office furniture.

Purpose:

This study will examine whether ultrasound examination and maternal characteristics can
predict the development of preeclampsia and adverse pregnancy outcomes at St. Mary’s
Hospital Lacor. That is meant to help identify women who are more likely to suffer from

pregnancy complications in future.

The estimated duration the research participant will take in the research project:
You will be in this study from the recruitment day until the baby's delivery and discharge

from the hospital.

Procedures:

You will be given a study number and asked personal questions, which will be recorded in a
guestionnaire. You will undergo physical, laboratory and ultrasound examinations to assess
your well-being and the baby's. You will then be followed up every month until delivery, and
each time you return to the hospital, you will be asked some questions and examined. If you
are already admitted to the hospital, the research team will frequently visit you until you are

discharged.

Who will participate in the study
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We expect all pregnant women attending antenatal care for St. Mary’s Hospital Lacor to
participate in the study from about 20 weeks of the pregnancy until the delivery of their

babies. Therefore, we expected to recruit over 644 mothers in this study over two years.

Risks/Discomforts:

This research will cause no risk or pain to you or the baby.

Benefits:
The laboratory results and the ultrasound findings will be given to you and may be shared
with the doctors and healthcare givers to help decide on the best care for you. In addition, you

will have a group of people to attend to you each time you are in the hospital.

Confidentiality:

The Principal investigator, Dr Awor Silvia, will keep the research record confidential and
safe. Everything said during the research will be kept confidential according to Ugandan
laws. The laboratory and ultrasound results will be shared with you and among the healthcare
providers so that they may decide on the best treatment for you. Your name will not appear
on any publication arising from this research. However, the Makerere University School of
Medicine Research Ethics Committee (REC) and Uganda National Council for Science and

Technology (UNCST) may have access to private information that identifies you by name.

Alternatives:
This study is voluntary. If you are not interested in participating, you can continue with your
usual antenatal care. This will not affect the nature of care you will get at St. Mary’s Hospital

Lacor.
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Cost:
You will not be asked to pay any money to be part of the research. The laboratory and

ultrasound examination will all be done for free.

Compensation for participation in the study:
You will not be paid any money to participate in the study. In case of injury during the study,
you will be referred to the Emergency wards of St. Mary’s Hospital Lacor for treatment. You

will not be compensated in case of permanent damage during the research.

Reimbursement:

You will not be refunded any transport, time, meals or opportunity costs during the study
period.

Questions about the study:

If you have questions about the study, you can contact Dr Awor or her supervisors using the

abovementioned contacts.

Questions about participants’ rights:

You have a right to withdraw from the study at any research stage. However, suppose you
have queries about the conduct of the research or your rights. In that case, you can ask the
Chairman of the School of Medicine research and ethics committee, Prof. Ponsiano Ocama,
by Telephone number +256772421190 or the School of Medicine, Makerere University, P. O.
Box 7072 Kampala.

Statement of voluntariness:

Participation in this study is voluntary, and you can join of your own free will. You also have
a right to withdraw from the study without penalty.

Dissemination of results:
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You will get feedback on the findings and progress of the study. In addition, any new
information that affects the study or data that has clinical relevance to you (including
incidental findings) will be made available to you and your healthcare providers. Findings

from the study will also be published in peer-reviewed journals.

Ethical approval:
This study has been approved by the Makerere University School of Medicine Research and

Ethics Committee and the National Council for Science and Technology.

STATEMENT OF CONSENT

........................................................................... has described to me what is going to be done,
the risks, the benefits involved and my rights regarding this study. I understand that my
decision to participate in this study will not alter my usual medical care. In the use of this
information, my identity will be concealed. | am aware that | may withdraw at any time. |
understand that by signing this form, | do not waive any of my legal rights but merely
indicate that I have been informed about the research study in which I voluntarily agree to

participate. A copy of this form will be provided to me.

Name ........cooeveviiiinnnns. Signature/thumb print of participant .............ccccoeerveneen. Date ......
Name ............oooeeeee. Signature of parent/guardian for minors (If applicable)...Date ......
Name.......ooooveveininininnnn. Signature of witness (if applicable)............... Date..............
Name ................ Signature of interviewer/ .................. Date........cooveviiininininnn,
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YEE ME PIME

Gin akweda: Tic ki maraya (Ultrasound) ki kit yotkom lunywal acel acel me niang ka twero
nyuto ka two kero me wot pa remo obi mako dako ma oyac ma pwodi peya onywal i ot yat

Lacor.

Lakwed lok:
1. Dr. Awor Silvia me Gulu University, Latin kwan i Makerere University Cim cing:

+256782 841168 waraga: aworsyl@gmail.com

Ludito ma ngiyo kor tic pa lakwed lok:
1. Prof. Dan K. Kaye, School of Medicine, College of Health Sciences, Makerere

University. Waraga: dkaye0700@gmail.com Tel: +256 772 587 952

2. Dr Annettee Nakimuli, School of Medicine, College of Health Sciences, Makerere

University. waraga: annettee.nakimuli@gmail.com Tel: +256 772 471 618

3. Prof. Jasper Ogwal-Okeng, Vice Chancellor, Lira University. Waraga:

jogwal.okeng@gmail.com Tel: +256 775 330 389

Kit ma te kwedo lok man ocake kwede: Two ma lube ki kero me wotpa remo (pressa) ikom
mon ma oyac cake idwe me abic me yacu ikom dako ma onongo kero me wot pa remone tye
maber. Ngo makelo two ne pwodi pe kingeyo. Two ne mako mon 3 onyo 7 ikin mon mia acel
ma guyac wang me acel, onyo mape kato adek ikom mia acel pi mon ma dong onywalo lutino
mukene. Two man neko mon mapol ilobo pa wan del-col. | Uganda, two ni neko mon ma 0o
19 ikom mia acel ma guyac mapwodi peya gunywal. Kadong ocake, ci pecang. Nywalo latin

keken aye weko two man dok piny.

Watamo ni ka wakwedo kor lok me two man ci wabekonyo mon mapol ki ngeyo anga ma obi

nongo two man ma pwodi peya ocake.
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Lucul pi kwedo lok man: Kwedo lok man obedo ma lube ki kwan madit igang kwan
Makerere. Lucul pire obedo gamente me lobo pa otara ki me Uganda ma woto ki Makerere
University. Gin culu cente me kwan, bute me kwedo lok ki dong we wot ikin yoo bene. Ot
yat madit Gulu gumiyo marayo me menyo ii mon ma oyac, pimo remo ki lac, ki kagwoko
jami mukene me kwedo lok man. Gang kwan madit me Gulu kany bene guyee miyo but jami

mukene ma mitte lapim remo ki kabedo.

Pingo wamito kwedo lok man: Me kwedo man wabitiyo ki maraya ki ngec me yotkom pa
dako acel acel ma oyac me neno ka twero nyuto anga ma obi nongo two me kero me wot
paremo ma pwodi peya ocake ii otyat madit i gulu. Watamo ni man obikonyo wan me biiko
mon mukene ii anyim ma ca gwoki gibinongo two man, wek gunong yat oyot oyot mapwodi

two peya obwoyo gin.

Ibibedo ikwedo lok man pi kare ma rumani: Icako bedo nicake tin nioo wa inino ma

inywal dok kikwanyi ki otyat.

Loke kibi kwedo nining: In kibi tito boti lok kom kwedo lok man kore ki kore. Kibi miyo
boti nama ki dong kibipenyi ki lapeny ma kwako kwoo ni. Ci kibipimi, kikwanyo remo ki lac
ka kicwalo in imarayo ka pimo latin ma ii ni. Kibi miini nino me dwogo ka mede ki pimme

nioo wa nino nywal-li. Ka kigengi iwii kitana, ci lukwed lok bene bi mede ki limi kunu wang

ma in inywal ki nioo ka kikwanyi bene ki otyat.

Anga ma kibi kwedo lok ikome: Wamito kwedo lok ikom mon weng ma gubino kapime

iotyat Lacor kany ma pwodi peya yacu gi okato dwe abic. Wamito mon 644 imwaka aryo.

Arem: Arem moo keken bibedo peke ikom in onyo latinni ma obi aa ki ikom kwedo lok man.
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Ber pa kwedo lok man: Adwogi me pimo remo ki me maraya kibimyo boti. Ngec meno
bene kibimiyo ne bot daktare me otyat kany magitye katic ikomi ni. Ka in ibino iotyat
ibinongo joo magubibedo ka tic ikomi ki limo in iotyat nioo wang ma kikwanyi ki ii otyat
kany.

Mung: Lok ma kibinongo ki ikom kweda man Dr. Awor Silvia obigwoko maber dok kama
ding. Lok ma iwaco kany weng kibigwoko imung malube ki pen cik me Uganda kany.
Adwogi me pimme ki menye ii maraya kibipoko bot daktare me tye kagwoko yotkomi ii
otyat kany wek gumiini yat maber. Nyingi pe bikati igin acoya moo keken mabikati ki ikom
kwedo lok man. Twero me kwedo lok man wapenyo dok wanongo ki igangkwan madit ii
Makerere Ki bot joo maloyo lok kom kwedo lok ducu ii Uganda kany. Gin joo man tye ki

twero me ngiyo kor tic me kwedo lok man dok bene giromo neno lok maromo nyutu nyingi.

Yoo mukene: Yee kwedo lok eni tye itwero ni me yee onyo me kwero ne bene. Dic peke iye.

Ka ikwero bene ci ibimede ki pimme ii otyat kany kit ma jwii ni.

Cul: In pe ibi culo cente moo wek ibed ikin joo ma ki kwedo lok ikomgi ni. Pimo remo ki
menyo maraya malube ki kwedo lok man kibitimo ne me nono.

Dwoko cente ma itiyo kwede me bino ikwedo lok man: Pekibi dwoko cente ni moo keken
pi bino ikwedo lok man. Ka inongo awanu moo keken ci wabicwali kama kitiyo iye ikom

luret kit ma joo mukene bene cito kunu ni.

Peny ikom kwedo lok man: Ka itye ki lapeny moo keken ikom kwedo lok man iromo penyo
lakwedo lok matye kalok kwedi ni onyo igoyo cim cing bot Dr. Awor onyo ludito maloye
inama cim makicoyo malo ni.

Peny ikom twero pa joo ma kitye kakwedo lok ikomgi ni: Ka in itye ikin joo makikwedo
lok ikomgi ni itye ki twero me aa woko ki ikwedo lok man cawa moo keken. Ka itye ki

lapeny moo keken ikom kwedo lok man onyo twero ni ci iromo penyo wonkom maloyo lok
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kom kwedo lok igangkwan madit Makerere Prof. Ponsiano Ocama inama +256 772 421 190.
Iromo bene coyo waraga igangkwan madit Makerere icanduk nama 7072, Kampala.

Nyutu peke pa dic moo keken: Bedo ikwedo lok man dic peke iye. Iromo aa cawa moo
keken labongo obal-tic moo keken.

Poko adwogi me kwedo lok man: Wabimiyo kit ma kwedo lok man tye kawot kwede anyim
boti. Adwogi me kwedo lok man wabicoyo pire ikaratac mapatpat. Jami manyen
mawabinongo ki ikom kwedo lok man bene wabi tito ne boti.

Twero me kwedo lok: Twero me kwedo lok man wanongo ki igangkwan madit Makerere ki

bot joo maloyo lok kom kwedo lok ii lobo Uganda lung.

Nyutu Yee

........................ otita ngo ma kibitimo, rac-ce, ber-ne ki twero na malube kikwedo lok man.
Aniang maber ni bedo ii kwedo lok man pe obiloko gwok ma anongo ii otyat kany. Lok ma
abiwaco kany ki pime weng kibi gwoko ne imung. Aniang maber ni aromo aa cawa moo
keken. Aniang bene ni ka aketo cinga ikaratac man, pe obikwanyo twero na ducu ento nyutu
keken ni aye bedo ikin joo ma kibikwedo lok ikomgi ni. Waraga ni mukene bene kibimiyo ne

bota.
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ANNEX 2: QUESTIONNAIRE

At 18 — 20 WEEKS (To be filled by the patient in the presence of a Research assistant)

ANC / OP No....... IP No...... Study number ......... Phone Number..................
Characteristics of respondents

1. Physical address ...........cccceeeuneeen.

2. Age (Fill completed years)......

3. Nearest Health centre (Name and distance from Home) ................c.coeiiiinnnn.

4. Parity: Gravida........... Para....... +Abortion / Ectopic pregnhancy ......

5. Your Tribe ........cooiiiini.

6. Give the name of the place where you were born. ........................

7. Country where you were born..................

8. In which place and country were your parents born?

Socio — economic status
9. Marital status (please circle):
a. Single=1
b. Married / cohabiting=2
10. Highest Level of education and number of years(circle below)
a. In primary=I1(...... yI8.);
b. In ordinary level=2(...... yrs.);
c. In advanced level=3(...... yIs) ;

d. Tertiary institution=4(........ yrs);

117



e. Other type of education=99 (specify)).......c..cu.......
11. Main occupation (circle below)

a. Unemployed=1;

b. Farming and selling crops=2;

c. Own self-business =3;

d. Private job=4;

e. Government job=5;

f. Other job=99 (Specify............
12. Who is the main income earner in your household?

a. Parent=1;

b. Husband=2;

c. Child=3;

d. Self =4;

e. Other=99(specify......c..cccevvrrvrrurnenn. )

Presenting complaints today

13. Why have you come to the hospital today:

a. Antenatal care =1

b. 1am not feeling well =2

c. | was told to come to be checked = 3
14. How are you feeling today?

a. lamwell =1

b. I have a fever =2

c. | have a headache =3

d. | have abdominal pain =4

€. Other =99 (SPECITY) ...oviiirii e
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History of present pregnancy:
15. LNMP
a. (write the date if the patient knows) .............
b. Gestation age today .............ccoviiiiininn..
c. Gestation age at first antenatal care ................
16. Did you go for fertility treatment before getting pregnant? Yes / No

17. If yes to q16, what treatment did you get? ...........cccooviiiiiiiiiinnnnn

18. Have you ever been admitted to the hospital during this pregnancy? Yes / No

19. If yes to question 18, whenand why? ...,

20. At what gestation age did you start antenatal care? ............................

21. What medication have you been on from the beginning of this pregnancy?

Obstetric history:
22. How many children have you delivered? ..o

23. What were the birth weights of your children? ..................................
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24. At what gestation age did you deliver them? ..........................

25. How many live childrendo you have? ...

26. What highest level of education are the children?

29. What pregnancy complications did you have in the previous pregnancies?
a. Preeclampsia
b. Eclampsia
c. Gestational Diabetes Mellitus

d. Other (SPECITY).....oviiii

Gynaecological history

30. How many miscarriages have you had? ..................ooiiiiiiinnt.

31. Have you ever had an ectopic pregnancy? Yes / No
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33. Have you ever been screened for cancer cervix? Yes / No

34. If yes to question 33, when?..........ccccceveveveiincnennn. What was the result?
Menstrual history

35. At what age did you begin getting your periods? .....................

36. For how many days was the blood flowing? ...........................

37. Was it painful? Yes / No

38. If yes to Question 37, what medication did you use to soothe the pain?

Sexual history
39. How many sexual partners have you had in your lifetime? .............
40. How long have you lived with your current partner before becoming pregnant?

41. Are you the only spouse to your husband? Yes / No

42. If No to Question 41, how many sexual partners does your hushand have?.............

Medical history
43. Do you have any chronic illnesses? ..........oooiieiiiiii e
44. Are you on any long-term medication? Yes / No

45. If yes to question 44, which drugs are you on? ..........ccoeveve voeniinininn oen
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Surgical history
46. Have you ever had a blood transfusion in your lifetime? Yes / No
47. If yes to question 46, when? ...............
48. Have you had broken bones before? Yes/no

49. If yes to question 48, When? ..............

Family History
50. Has anyone in your family ever suffered from Hypertension during pregnancy?
Yes/no
51. If yes to question 50, what is your relationship to this person? ................
52. What chronic illness do you know of in your family line? ......................
Social history
53. Have you ever smoked tobacco in your lifetime?
54. Do you smoke tobacco during this pregnancy? Yes / No
55. If yes to question 54, how do you usually use tobacco?
a. Snuff user
b. Chew the tobacco
c. Cigarettes
d. Other specify ..ot
56. If you use cigarettes, how many sticks per day? ...................

57. Does anyone in your household smokes? Yes / No

59. Have you ever drunk alcohol? Yes No

60. Did you drink alcohol during this pregnancy? Yes / No
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61. If yes to question 60, how much and how regular do you take it?

Physical examination:
63. Height in meters ...........
64. Today’s Weight in Kg ...........
65. First visit weight in Kg
66. Today’s Blood pressure ...................
67. First visitbp .......................
68. Pulserate ................
69. Respiratory rate .................
70. Temperature ...................
71. Fundal height in Centimeters .......
72. Foetal heartrate ....................
73. Any other organomegaly? ........coiiiiiiii
74. Any other finding worth noting ..o
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ANC / OP No....... IP No...... Study number ......... Phone Number..................
Laboratory results
75. Hiv Status ...................... Hepatitis B surface antigen ................
76. Urine protein .....................
77. Urine red blood cells ...............
78.UrinepH ...................
79. Urine specific gravity .............
80. Urine leucocytes.....................
81. Urine glucose ......................
82. Urine Nitrites ....................
83. Urine ketones .......................
84. Hb level..................
85. Haematocrit ..................
86. MCV ...l
87.MCHC ................oeel.
88. White cell count .................
89. Neutrophil count .....................
90. Lymphocyte count ................
91. Platelet count ...........coceeeieiininnn.
92. Serum Creatinin level ....................
93. Serum urea ................
94. Sodium ..o
95. Potassium..........ooeveeeinnnnnn
96. Chloride.........cocovvviviiiiiann,

97. Calcium ...
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98. Phosphorus
99. Bicarbonate
100.
101.
102.
103.
104.

105.

GGT

Bilirubin
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ANC / OP No

Ultrasound examination findings

106. Gestation age .... Weeks

107. EDD .........coeee.

108. Percentile on growth curve .........

109. BPD......c....... cm

110. HC oo cm

111. AC.....ccoeie cm

112. FLooiiiie. cm

113. AFl..oi cm

114. Right uterine artery PI ..........

115. Right uterine artery RI ..........

116. Right uterine artery End diastolic Notch Yes / no

117. Left Uterine Artery PI ............

118. Left Uterine Artery Rl ............

119. Left Uterine Artery End diastolic notch yes/no

120. Other features observed on Ultrasound
a. Intact cranium.................cooiiiiiiiienn. .
b. Cavum septi pellucidi...............ccovveennnnnn.
c. Midline falX.........cocooviiiiiiiiinii,
d. Thalami...........covviviiiiiiiiiiniiiien,
e. Cerebral ventricles...................coeeeene
f. Cerebellum.....................ooiinne.
g. Cisternamagna...............cooevieviniinnnn..
h. Nuchal fold.................oon.
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i. Both orbits present............................

j.  Median facial profile..........................ooel.

K. MOULN PreSent. ... ...ouieiti e,
I.  Upper lip intact....

m. Neck Absence of masses (e.g. cystic hygroma).........................
n. Normal appearing shape/size of chest and lungs...........................
0. Heart activity present...........coevviiiiiiiiiii e,

p. Four-chamber view of heart in normal position.........................

g. Aortic and pulmonary outflow tracts.................cvevvininne.n.

r.  No evidence of diaphragmatic hernia.................................

S.  Stomach in normal position..............ccevveviiireiiiniininnnn.

t. Bowel notdilated..............ccooiiiiiiiiii

u. Both Kkidneys present............c.oeoiiiiiiiiiniiiannnn..

V. Cord inSertion Site...........ocoeviiiininiiiininannn

w. No spinal defects or masses (transverse and sagittal views).....................
X. Arms and hands present, normal relationships..........................

y. Legs and feet present, normal relationships.................

z. Placenta Position..............ccovviiiiiiiniininnnn

aa. No placental masses present.....................

bb. Accessory lobe of placenta......................

cc. Umbilical cord Three-vessel cord.......................

dd. Genitalia Male or female...................
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ANC / OP No

Second and subsequent visits

121.

122.

How are you feeling today?
I am well =1

| have a fever =2

| have a headache =3

| have abdominal pain =4

Other =99 (SPECITY) ..oviniiii e

Gestation age today ...............

Physical examination:

123.

124,

125.

126.

127.

128.

129.

130.

131.

WeightinKg ...........

Blood pressure ...................
Pulserate ................
Respiratory rate .................

Temperature ...................

Fundal height in Centimeters .......

Foetal heartrate ....................

Any other organomegaly?

Laboratory results

132.

Urine protein .....................
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ANC / OP No

Ultrasound examination findings (for those classified as exposed or had abnormal

uterine artery Doppler PI of >1.40 or RI of >0.58, or had early diastolic notch)

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Gestation age ........ccccveeveneen, Weeks

Percentile of growth curve ..............

BPD.............. cm
HC..ooooviie cm
AC...coei cm
FL. oo cm
AFl. cm

Right uterine artery PI ..........

Right uterine artery RI ..........

Right uterine artery End diastolic Notch Yes / no
Left Uterine Artery PI ............

Left Uterine Artery Rl ............

Left Uterine Artery End diastolic notch yes/no

BPP score ............... Tone.... Breathing .... Movement .....

Umbilical artery PI ...........
Umbilical artery RI ..........

Mid cerebral artery peak systolic velocity ...........

AFI ...
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ANC / OP No

Labour and Delivery

Weight in labour
Gestation age at delivery ............
Urine protein in labour.........

Blood pressure ...............

Highest recorded blood pressure in labour ............

Mode of delivery ............

Estimated blood loss ...........

The placenta

Weight of the placenta.................

Colour of the placenta...................

Number of cotyledons seen.................
Extra lobes of placenta......................

Cord insertion — central or eccentric ............
Cord appearanCe ............cccceevenennnn.

Cord coils present / absent....................
True knots present / absent.........................

Drugs given to mother during labour and delivery

150.

151.

152.

153.

154,

155.

156.

157.
f.
g.
h.
i
j.
K.
I
m.

158.

159.

160.

161.

Baby’s birth weight .............

Apgar score ............

Resuscitation given to baby ........ ..o
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162. Drugs that are given to baby

On discharge from the hospital

163. Condition of the mother .............
164. Condition of the baby ..................
165. Duration of hospital stay

L [TTRTRRRN days before delivery.

[0 TR days after delivery
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Abstract

Background: Women of Afro-Caribbean and Asian origin are more at risk of stillbirths. However, there are limited
tools built for risk-prediction models for stillbirth within sub-Saharan Africa. Therefore, we examined the predictors for
stillbirth in low resource setting in Northern Uganda.

Methods: Prospective cohort study at St. Mary’s hospital Lacor in Northern Uganda. Using Yamane's 1967 formula for
calculating sample size for cohort studies using finite population size, the required sample size was 379 mothers. We
doubled the number (to > 758) to cater for loss to follow up, miscarriages, and clients opting out of the study dur-

ing the follow-up period. Recruited 1,285 pregnant mothers at 16-24 weeks, excluded those with lethal congenital
anomalies diagnosed on ultrasound. Their history, physical findings, blood tests and uterine artery Doppler indices
were taken, and the mothers were encouraged to continue with routine prenatal care until the time for delivery. While
in the delivery ward, they were followed up in labour until delivery by the research team. The primary outcome was
stillbirth 24 + weeks with no signs of life. Built models in RStudio. Since the data was imbalanced with low stillbirth
rate, used ROSE package to over-sample stillbirths and under-sample live-births to balance the data. We cross-vali-
dated the models with the ROSE-derived data using K (10)-fold cross-validation and obtained the area under curve
(AUC) with accuracy, sensitivity and specificity.

Results: The incidence of stillbirth was 2.5%. Predictors of stillbirth were history of abortion (aOR=3.07, 95% Cl
1.11—8.05, p=0.0243), bilateral end-diastolic notch (@OR=3.51,95% Cl 1.13—9.92, p=10.0209), personal history

of preeclampsia (aOR=5.18, 95% Cl 0.60—30.66, p=0.0916), and haemoglobin 9.5 - 12.1 g/dL (@OR=0.33,95% Cl
0.11—0.93, p=10.0375). The models' AUC was 75.0% with 68.1% accuracy, 69.1% sensitivity and 67.1% specificity.
Conclusion: Risk factors for stillbirth include history of abortion and bilateral end-diastolic notch, while haemoglobin
of 9.5—12.1 g/dL is protective.

Keywords: Stillbirth, Risk factors, Prediction models, Uganda, Africa

Introduction

Stillbirth is the death of a fetus before birth after 20 weeks
of gestation [1]. In the early twentieth century, stillbirth
was any child who exhibits no sign of life by crying or
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breathing, or by pulsation in the cord at its attachment
to the body of the child, or by beating of the heart and
measuring more than 13 inches in length from the top
of head to the heel at birth [2]. In the late twentieth cen-
tury stillbirth was defined as any baby born at 24 weeks
of gestation without a sign of life [3]. It can be classified
as an early (24 — 27 weeks), late (28 — 36 weeks), or term (
37 weeks) stillbirth [4].

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http//creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (httpz//creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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The global prevalence of stillbirth is approximately 2%
[5], with 0.3% occurring in the global north [6, 7], and
more than 2% in the global south [5, 8-10]. Women of
Afro-Caribbean and Asian origin are more at risk of still-
births [7, 11-14] and this may be associated with racial
disparities in accessing health care [12]. Incidence of still-
birth in Uganda is about 2.0%—3.6% [15, 16]. However,
due to challenges in access to care and policies on death
registration in the global south, most stillbirths are not
registered [17].

When maternal obesity, smoking, chronic hyperten-
sion, antiphospholipid syndrome, type 2 diabetes, and
insulin requirement are used in a prediction model risk
calculator for stillbirth [18], it predicted stillbirths at
60—72% AUC at 75% sensitivity and close to 100% speci-
ficity [6, 7, 19]. When maternal history and fetal growth
rates were added to maternal history without using the
risk calculator, the discriminative performance of the
model had a C-statistic of 0.80 [8].

There are limited number of tools built for risk-predic-
tion models for stillbirth within sub-Saharan Africa. With
the problems of access to hospital delivery and African
ancestry being a risk factor for stillbirth, we set out to
develop and validate a prediction model for stillbirth in
Northern Uganda.

Materials and methods

Study design

A prospective cohort study at St. Mary’s Hospital Lacor,
which is one of the teaching hospitals of Gulu Univer-
sity. Using Yamane’s 1967 formula for calculating sam-
ple size for cohort studies using finite population size,
St. Mary’s hospital Lacor delivers approximately seven
thousand mothers per year. Since my study duration was
12 months for recruitment of the mothers, the finite pop-
ulation I could access was about 7,000 mothers. Yamane
1967 formula:

Samplesizen = N/1 + Ne2

where N is the finite population size 7,000 mothers.

Margin of error (e) 05%

Therefore n=7,000 / 1+47,000(0.05).>

n=379.

The required sample size was 379 mothers. We dou-
bled the number (to>758) to cater for loss to follow-
up, miscarriages, and clients opting out of the study
during the follow-up period. Recruited 1,285 pregnant
mothers 16 — 24 weeks from April 2019 to March 2020.
Excluded all with lethal congenital anomalies diag-
nosed on ultrasound scan especially molar pregnancy,
anencephaly, and cystic hygroma. A questionnaire was
filled, and uterine artery Doppler sonography was done
on all the mothers. The ultrasonography was done by
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one trained obstetrician. A full foetal anatomical sur-
vey was done in addition to the uterine artery Doppler
indices (pulsatility and resistive indices, end-diastolic
notch). Blood samples were taken for complete blood
count, liver and renal function tests, from one thou-
sand (1,000) mothers. The mothers were encouraged
to continue with routine antenatal care until the time
for delivery. While admitted to the delivery ward, the
mothers were followed up by the research team until
delivery of the baby. The last mother was delivered at
the end of September 2020.

Outcome
The Apgar score of zero within the first minute of birth at
24+ weeks was taken as stillbirth.

Statistical analysis

One thousand four (1,004) complete delivery records
were obtained. Data were pre-processed using Stata 15.0
and built models using RStudio R version 4.1.1 (2021-08-
10). Univariable analysis was done, and all variables with
p-values <0.20 or were known risk factors for stillbirth
like age and maternal comorbidities were put together
into a logistic regression model. Since the data was imbal-
anced with few stillbirths, we applied the ROSE tech-
nique [20, 21] to create a new dataset by over-sampling
stillbirths and under-sampling live births, and obtained
a distribution of live births and stillbirth cases as 400
(51.1%) and 383 (48.9%), respectively. The ROSE-derived
data set was fitted into a confusion matrix to evaluate the
performance of our models (accuracy, sensitivity, speci-
ficity) using K-(10)-fold cross-validation. Variables were
said to be independent risk factors of stillbirth if their
p-value<0.05 in the model. Six models were built.

Results

One thousand four (1004) complete delivery records
were obtained at the end of the study period.. Of these,
seven hundred eighty two mothers had laboratory blood
tests done with 2.4% (19) stillbirths and 97.6% (763) live-
births. Prevalence of stillbirth was 2.5% (25 out of 1004).
There was 979 (97.5%) live births. Seven (28%) out of
the 25 deaths occurred intrapartum. Two (8%) of the 25
mothers who lost their babies had a history of previous
stillbirth. Two hundred eighty-one mothers were lost to
follow-up. Details are found in Fig. 1.

The incidence rates for stillbirth were higher at lower
gestation ages, as outlined in Table 1. There were 273
stillbirths per 10* women weeks at <28 weeks while only
3 stillbirths per 10* women weeks at > 37 weeks.
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Consented and recruited N=1,285

A
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Deliveries recorded n=1,004 (Retained)
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Dropped (No pregnancy outcome)

Laboratory tests done

\
v v

Stillbirth n=19 Live birth n=763

Fig1 Participant flow through the study

Table 1 Incidence of stillbirth

Variables Total Population Number of stillbirth % (95% Cl) Incidence of stillbirth
per 10* women weeks

No stillbirth 979 0 0% 0

Stillbirth occurred 25 25 2.5% (1.6%—3.7%) 6 (4—9)

Stillbirth occurred < 28 weeks 9 6 66.7% (22.9%—92.5%) 273 (94—379)

Stillbirth > 28—< 37 weeks M9 9 7.6% (3.5%—13.8%) 22 (10—40)

Stillbirth > 37 weeks 876 10 1.1% (0.5%—2.1%) 3(1—6)

Second trimester characteristics of the women who
returned to deliver in hospital
Mean maternal age was 26.3 years while 316 partici-
pants were first time mothers. Details in Table 2.
Average body-mass index (BMI) was 24.7, and preva-
lence of multiple pregnancy was 2.4%. Only 0.6% (6) of
participants had prenatal hypertension at the time of
recruitment. Details in Table 3.
Prevalence of anaemia in pregnancy was high with a
mean haemoglogin level of 10.7 g/dL and haematocrit
levels of 32.6%. Details in Table 4.

Unadjusted logistic regression for stillbirth

with demographic characteristics

Personal history of preeclampsia and any history of
abortion were significantly related to stillbirth while
being married or cohabiting was protective. Details in
Table 5.

While for the clinical characteristics; systolic hyperten-
sion, end diastolic notch, pulsatility and resistive indices
were significantly related to stillbirth. Details in table 6.

When laboratory characteristics were used, there were
no significant relationship to stillbirth. Details in Table 7.
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Table 2 Social demographic characteristics of the study  Table3 Clinical characteristics of the study population at
population at recruitment recruitment
Characteristics (n=1,004) Mean (sd) / Median Characteristics n=1,004 Mean (Sd) / Median (IQR)
(IQR) / Proportion proportion (%)
e Body mass index 24.7 (3.9) 23.9(21.8—26.8)
Maternal age (years) mean (sd) 263 (55) Systolic blood pressure 640 (104) 63.0 (57.0—70.0)
Maternal age (years) median (IQR) 260(220—300) Diastolic blood pressure 105.7 (12.7) 104.0 (97.0—113.0)
Single 17.(1.7%) Prenatal hypertension 6 (0.6%)
Married/Cohabiting 987 (98.3%) No prenatal hypertension 998 (99.4%)
Nulliparity 316 (31.5%) Singleton pregnancy 980 (97.6%)
Para 1-2 458 (45.6%) Multiple pregnancy 24 (2.4%)
Para>2 230 (22.9%) No diastolic notch 734 (73.1%)
No history of abortion 810 (80.7%) Unilateral end diastolic notch 156 (15.5%)
Any history of abortion 194 (19.3%) Bilateral end diastolic notch 114 (11.4%)
Umemployed 311 (31.0%) Average Resistive index 051 (0.11) 0.50 (0.44—0.58)
Informal (casual labourer) 620 (61.8%) Average pulsatility index 081 (0.30) 0.75 (061—0.96)
Formal (salaried job) 73 (7.3%)
mean (sd) Gestation age at recruitment (weeks) 204 (2.7)
median (IQR) Gestation age at recruitment 20.1 (18.6—22.1)

(weeks)
Previous history of preterm birth

85 (12.4%)

No previous history of preterm birth 603 (87.6%)
Personal history of preeclampsia 14 (1.4%)
Not applicable (prime gravida) 316 (31.5%)
No personal history of preeclampsia 674 (67.1%)
Mean (sd) age at menarche (years) 144(14)
Median (IQR) age at menarche (years) 14.0 (13.0—15.0)
History of fertility treatment 9 (0.9%)

No history of fertility treatment 995 (99.1%)
Family history of preeclampsia 38 (3.8%)

No family history of preeclampsia 966 (96.2%)
Presence of a chronic iliness 90 (9.0%)

No chronic illness 914 (91.0)
Tobacco use in a lifetime 2(0.2%)

No tobacco use in a lifetime 1,002 (99.8%)
Living with a smoker in one house 104 (10.4%)
No smoker in one house 900 (89.4%)
Alcohol use in pregnancy 56 (5.6%)

No alcohol use in pregnancy 948 (94.4%)

All the variables with unadjusted p-value of <0.200

Table 4 Laboratory characteristics

recruitment

of the population at

were taken for multivariable analysis to produce the
models for prediction of stillbirth. Six models were built
in R-studio. The variables are removed from the model
in a stepwise manner to remain with the least number of
variables with a high AUC. Those variables with p<0.1
were retained in the model while those with p<0.05
were taken as independent risk factors for stillbirth.

Models for prediction of stillbirth
Model 1 examined maternal history and physical exam-
ination (details in Table 8). The predictors of stillbirth

Characteristics n=787 Mean (Sd) Median (IQR)
Serum ALT 304 (27.7) 25.0 (18.0—34.0)
Serum AST 20.1(23.2) 14.0 (7.0—26.0)
Serum GGT 216(85) 20 (15—29)
Serum ALP 153.6 (49.9) 146 (115—179)
Serum bicarbonate 254(22) 25 (24—27)
Serum Albumin 4.1(29) 39(3.5—4.1)
Serum Urea 253 (264) 18 (14—25)
Serum sodium 137.5 (4.0) 137.3(135.1—1394)
Serum potassium 43(1.2) 4.2 (3.9—45)
Serum chloride 106.3 (4.3) 105.0 (103.5—108.9)
Serum phosphorus 1.3(0.9) 1.1(09—14)
Serum calcium 24(1.2) 2.2(21—24)
Serum creatinine 1.0(0.6) 09(08—1.2)
Neutrophil count 3.7(2:2) 35(26—46)
Lymphocyte Count 1.8 (0.9) 16(1.3—2.1)
Total White blood cell count 6.3(2.9) 6.0 (4.9—74)
Platelet count 2239 (694) 220 (178—267)
Haemoglobin level 10.7 (2.0) 109 (9.5—12.0)
Haematocrit 326(6.7) 33.0(28.5—33.0)
Mean corpuscular volume 84.3(7.8) 84.5 (79.9—89.1)
Mean corpuscular haemoglobin  32.9 (2.5) 328(314—343)

concentration

were parity, age>35 years, history of abortion and
personal history of preeclampsia. Personal history
of preeclampsia (aOR=11.08, 95% CI 1.44—57.34,
p=0.0075) and history of abortion (aOR = 2.92, 95% CI
1.07—7.57, p=0.0293) were independent risk factors
for stillbirth.
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Table 5 Unadjusted regression analysis for
characteristics for prediction of stillbirth

demographic

Variable OR (95% CI) p-value
Maternal age (years) > 35 1.80 (0.63—5.14) 0.271
Married/Cohabiting 0.20 (0.50—0.77) 0.020
Nulliparity 1.82(0.58—5.73) 0.307
Para 1-2 1.38 (0.44—4.29) 0.577
Any history of abortion 2.78 (1.30—6.10) 0.011
Informal (casual labourer) 067 (0.28—1.57) 0.356
Formal (salaried job) 1.89 (0.60—5.98) 0.277
Previous history of preterm birth 1.09 (0.25—4.76) 0.907
Personal history of preeclampsia 6.15 (1.60—23.62) 0.008
age at menarche > 15 years 0.53(0.16—1.77) 0.305
Family history of preeclampsia 1.06 (0.15—7.63) 0.954
Presence of a chronic illness 0.42 (0.06—3.09) 0.397
Living with a smoker in one house 0.75(0.18—3.15) 0.697
Alcohol use in pregnancy 147 (0.36—6.09) 0.594

Table 6 Unadjusted regression analysis for clinical characteristics
for prediction of stillbirth

Variable OR (95% CI) p-value
Body mass index > 25 kg/m? 076 (033—1.74) 0511
Systolic blood pressure > 140 mmHg 594 (0.93—38.05) 0.060
Diastolic blood pressure > 90 mmHg 1.70(0.24—12.08) 0.595
Multiple pregnancy Too few

Lateral placental location 1.22 (0.29—5.05) 0.788
Unilateral end diastolic notch 1.01(029—347) 0.990
Bilateral end diastolic notch 368 (1.58—858) 0.003
Average Resistive index>0.65 (90th 3.75(1.65—849) 0.002
percentile)

Average pulsatility index>1.19 (90th 3.82(1.69—8.66) 0.001
percentile)

Model 2 examined the uterine artery Doppler indi-
ces (details in Table 9). The predictor of stillbirth was
presence of end diastolic notch on the uterine artery
Doppler flow tracing. Bilateral end diastolic notch
(aOR=4.28, 95% CI 1.54—11.19, p=0.0035) was an
independent risk factor for stillbirth.

Model 3 examined the combination of maternal his-
tory, physical examination and uterine artery Dop-
pler indices (models 1 and 2) (details in Table 10).
The predictors of stillbirth were history of abortion
and end-diastolic notch on the uterine artery Doppler
flow tracing. The history of abortion (aOR=3.29, 95%
CI 1.24—8.41, p=0.0134) and bilateral end-diastolic
notch (aOR=4.49, 95% CI 1.60—11.88), p=0.0029)
were independent risk factors for stillbirth.

Model 4 examined maternal laboratory blood tests
(details in Table 11). The predictors of stillbirth were
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platelet neutrophil ratio, neutrophil count and haemo-
globin level. The independent risk factors for stillbirth
was platelet neutrophil ratio of>83.95 (aOR=5.76, 95%
CI 1.12—35.90, p=0.0437). Haemoglobin level of 9.5 —
12.1 g/dL (aOR=0.32, 95% CI 0.11—0.89, p=0.0287)
was protective against stillbirth.

Model 5 examined the combination of maternal his-
tory and laboratory tests (models 1 and 4) (details in
Table 12). The predictors of stillbirth were history of
abortion, parity, age> 35 years and haemoglobin level.
The independent risk factors for stillbirth was history of
abortion (aOR=3.10, 95% CI 1.11—8.26), p=0.0254).
Haemoglobin level of 9.5 — 12.1 g/dL (aOR=0.33, 95% CI
0.109—0.95, p=0.0411) was protective against stillbirth.

Model 6 examined the combination of maternal his-
tory, physical examination, uterine artery Doppler indi-
ces and laboratory tests (models 1, 2 and 4) (details in
Table 13).The predictors of stillbirth were personal his-
tory of preeclampsia, history of abortion, end-diastolic
notch and haemoglobin level. The history of abortion
(aOR=3.07, 95% CI 1.11—8.05, p=0.0243) and bilat-
eral end diastolic notch (aOR=3.51, 95% CI 1.13—9.92,
p=0.0209) were independent risk factors for stillbirth
while haemoglobin level of 9.5 — 12.1 g/dL (aOR=0.33,
95% CI 0.11—0.93, p =0.0375) was protective.

Evaluation of the models of stillbirth
The models AUC ranges from 66.8% to 75.0%, with accu-
racies of 63.9% to 68.1%. Details in Table 14.

Model 1 examined maternal history and physical exam-
ination (details in Table 8). The predictors of stillbirth
were parity, age > 35 years, history of abortion and per-
sonal history of preeclampsia. This predicted stillbirth
with 65.8% accuracy, 82.4% sensitivity, 48.4% specificity
and 71.9% AUC. The details for the models are found in
Table 14.

Discussion

From demographic characteristics of our participants,
the predictors of stillbirth were parity, age>35 years,
history of abortion and personal history of preeclamp-
sia. This predicted stillbirth with 65.8% accuracy, 82.4%
sensitivity, 48.4% specificity and 71.9% AUC. In Niger
state Nigeria, the predictors of stillbirth were mater-
nal comorbidity, rural place of residence, multipara,
bleeding during pregnancy, and non-cephalic fetal pres-
entation [8]. Maternal employment was protective of
stillbirth [8]. They predicted stillbirth with a C-statistic
basic model =0.80 (95% CI 0.78-0.83), and when ultra-
sound parameters were added the extended C-statistic
model improved slightly to 0.82 (95% CI 0.80-0.83)[8].
In a case—control study in southern Ethiopia, the predic-
tors of stillbirth were women with multiple pregnancy
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Table 7 Unadjusted regression analysis for laboratory characteristics for prediction of stillbirth

Variable OR (95% Cl) p-value
Serum ALT 19—25 IU 2.52(0.79—8.04) 0.120
Serum ALT > 25 IU (>90th percentile) 0.84 (0.24—2.96) 0.792
Serum AST 4—40 IU (10th—90th percentile) 0.81(0.19—3.49) 0.782
Serum AST>40 IU (> 90th percentile) 0.95 (0.14—6.55) 0.756
Serum GGT <30 IU (Normal lab range) 1.34 (0.39—4.54) 0.639
Serum ALP <98 IU (low lab range) 1.44 (0.20—10.45) 0717
Serum bicarbonate 24—27 (25th—75th percentile) 410 (0.54—30.93) 0.172
Serum bicarbonate > 27 (> 75th percentile) 3.77 (0.43—33.36) 0.233
Serum albumin 3.5—4.1 g/dL 046 (0.15—1.42) 0.180
Serum Albumin<3.5 g/dL 1.27 (043—3.70) 0.667
Serum urea 14—25 mg/dL (25th—75th percentile) 1.50 (0.42—5.40) 0.534
Serum urea> 25 mg/dL (> 75th percentile) 1.85 (0.047—7.30) 0379
serum creatinine 0.61—1.50 mg/dL (10th—90th percentile) 0.62 (0.21—1.86) 0.395
Serum creatinine > 1.50 mg/dL 0.35 (0.40—3.07) 0.343
Neutrophil count 2.63—4.54 cells/microlitre 092 (0.31—2.71) 0.881
Neutrophil count >4.54 cells/microlitre 1.00 (0.29—3.40) 1.000
Lymphocyte Count 0.9—3.9 cells/microlitre 0.33(0.10—1.12) 0.075
Lymphocyte Count> 3.9 cells/microlitre 1.89(0.34—10.42) 0465
Total White blood cell count 4000-11,000 cells / microlitre 1.10 (0.26—4.70) 0.900
Total White blood cell count > 11,000 cells / microlitre 291(0.28—30.25) 0372
platelet count 178—266 cells / microliter (25th—75th percentile) 1.60 (045—5.76) 0470
Platelet count > 266 cells / microliter (> 75th percentile) 1.93 (0.49—7.60) 0.348
Haemoglobin level <9.5 g/dL (< 25th percentile) 2.78(0.76—10.12) 0.120
Haemoglobin level 9.5—12.1 g/dL (25th—75th percentile) 1.02(0.27—3.89) 0.981
Haematocrit 30—39.9% (25th—75th percentile) 0.50 (0.20—1.25) 0.140
Haematocrit > 40% (> 75th percentile) 0.49 (0.06—3.83) 0.501
Mean corpuscular volume 79.9—89.2 fl (25th—75th percentile) 130 (042—4.04) 0.647
Mean corpuscular volume <79.9 fl (< 25th percentile 0.97 (0.25—3.82) 0.965
Mean corpuscular haemoglobin concentration 31.5—34.4 g/dL 1.05 (0.40—2.75) 0923
Mean corpuscular haemoglobin concentration <31.5 g/dL 0.18 (0.22—147) 0.110

Table 8 Model 1 using maternal history for prediction of

Table9 Model 2 using uterine artery Doppler indices for

stillbirth prediction of stillbirth

Variable OR (95% CI) p-value Variable OR (95% Cl) p-value
Personal history of preec- 11.08 (1.44—57.34) 0.0075 Unilateral 040 (0.02—2.09) 0.3843
lampsia Bilateral 4.28(154—11.19) 0.0035
History of abortion 292 (1.07—7.57) 00293 |rercept 002 (001—003) 0,0000
Age > 35 years 4.29(0.72—20.72) 0.0851

nullipara 5.37(1.10—36.24) 0.0576

para1—2 2.28 (048—13.67) 0.3284

Intercept 0.005 (0.001—0.02) 0.0000 Table 10 Model 3 using combination of maternal history and

[aOR=2.98, 95%CI: 1.39-6.36], having preterm birth
[aOR=2.83, 95%CI: 1.58- 508], having cesarean mode of
delivery [aOR=3.19, 95%CI: 1.87-5.44], having no ANC
visit [aAOR=4.17, 95%CI: 2.38-7.33], and being hyperten-
sive during pregnancy [aOR=3.43, 95%CI: 1.93-6.06].

uterine artery Doppler indices for prediction of stillbirth

Variable OR (95% CI) p-value
History of abortion 3.29(1.24—841) 0.0134
Unilateral 0.38 03618
Bilateral 449 (1.60—11.88) 0.0029
Intercept 0.01 (0.006—0.03) 0.0000
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Table 11 Model 4 using maternal laboratory tests for prediction

of stillbirth

Variable OR (95% Cl) p-value
Platelet neutrophil ratio of 47.04—83.95  1.80 (046—9.00) 04232
Platelet neutrophil ratio of >83.95 5.76(1.12—3590) 0.0437
Neutrophil count of (263—4.54) *1000  2.14 (0.60—8.12) 0.2453
Neutrophil count of (>4.54) *1000 416 (0.77—22.81) 0.0958
Haemoglobin level of 9.5—12.1 g/dL 032(0.11—0.89)  0.0287
Haemoglobin level of >12.1 g/dL 033 (007—1.14) 01027
Intercept 0.01 (0.001—0.06)  0.0000

Table 12 Model 5 using combination of maternal history and
laboratory tests for prediction of stillbirth

Variable OR (95% CI) p-value
History of abortion 3.10(1.11—8.26) 0.0254
Age > 35 years 4.87 (0.79—24.57) 0.0677
nullipara 5.09 (1.02—35.71) 0.0715
para 1—2 2.51(0.52—15.59) 0.2831
Haemoglobin level of 9.5—12.1 g/dL  0.33 (0.109—0.95) 0.0411
Haemoglobin level of >12.1 g/dL 0.27 (0.06—0.99) 0.0656
Intercept 0.01(0.001—0.005)  0.0000

Table 13 Model 6: Combination of maternal history, uterine
artery Doppler indices and laboratory tests for prediction of
stillbirth
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[22]. However, these women were recruited after they
had given birth. In clinical settings in low resource set-
tings one can use the demographic characteristics above
as predictors to identify up to two-thirds of mothers at
risk of having stillbirth. Despites the model’s sensitivity
of 82.4%, the model’s specificity of 48.4% is low. One will
have to put more than twice the number of women iden-
tified as at risk of stillbirth in order to get the two thirds
of women who will actually get stillbirth.

Combination of uterine artery Doppler indices and
maternal history predicted stillbirth by 67.6% accuracy,
75.8% sensitivity and 69.9% AUC. This may be com-
parable to Akolekar et al.[19] who predicted 55% of all
stillbirths, including 75% of those due to impaired placen-
tation and 23% of those that were unexplained or due to
other causes, at a false-positive rate of 10% using mater-
nal history and uterine artery Doppler indices. Ultra-
sound examination is not compulsory in Uganda[23]. It
is reserved for a few referral centers, teaching hospitals
and private hospitals[24, 25]. Majority of the mothers go
through their gestation period without performing a sin-
gle ultrasound scan.

We predicted stillbirth by 75.0% AUC with 68.1% accu-
racy, 69.1% sensitivity and 67.1% specificity. This was
comparable to the stillbirth-risk calculator [18] validated
in Austria at 72% AUC [6]. In the United Kingdom, still-
birth detection rates ranged from 28 to 48% with an AUC
of 55.0% to 65.8% even after allowing a 10% false positive
rate [7, 19]. In Australia, the detection rate for stillbirth
was 45%, with an AUC ranging from 59 to 84% [26]. Sim-
ilarly, in the United States of America, the detection rate

Variable OR (95% Cl) p-value

for stillbirth has been 64%—66% AUC [27].
Personal history of preeclampsia 5.18 (0.60—30.66) 0.0916 Mastrodima et al. [28] used maternal factors, PAPP-A,
History of abortion 3.07 (1.11—8.05) 0.0243 Doppler pulsatility index and ductus venosus pulsatility
Unilateral 0.37(0.02—1.98) 0.3507 index for veins (DV-PIV), and predicted 40% of all still-
Bilateral 351(1.13—992) 0.0209 births and 55% of those due to impaired placentation, at a
Haemoglobin level 95—12.1g/dL 033 (0.11—093) 0.0375 false-positive rate of 10%. Within the impaired-placenta-
Haemoglobin level > 12.1 g/dL 030(0.06—1.07) 0.0850 tion group, the detection rate of stillbirth < 32 weeks’ ges-
Intercept 0.03 (0.01—0.07) 0.0000 tation was higher than that of stillbirth > 37 weeks (64%

vs 42%). This makes the study compare favorably to those
Table 14 Evaluation of the models for stillbirth
Model Accuracy Sensitivity Specificity AUC
Model 1 (Maternal history and exam) 65.8 824 484 719
Model 2 (Uterine artery Doppler indices) 63.9 88.7 379 66.8
Model 3 (History and uterine artery Doppler indices) 67.6 759 59.0 69.9
Model 4 (lab tests) 65.3 716 58.7 69.7
Model 5: (combination of history and laboratory tests) 68.0 67.1 69.0 744
Model 6: (combination of maternal history, Doppler indices and 68.1 69.1 67.1 75.0

laboratory tests)
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conducted in global north. Perhaps the differences seen
is due to the differences in the population itself and the
technology used for the prediction of stillbirth.

Research implications

These models may be used in several clinics. Future
studies may include a larger number of participants
from several locations to validate the models to ensure
generalizability.

Strengths and limitation

This study was a baseline study in Northern Uganda to
find out the predictors of stillbirths and to pave way for
more research. There was a high number of mothers lost
to follow-up.

Conclusion

In places where ultrasound or laboratory services are
not available, the predictors of stillbirths are history of
abortion, personal history of preeclampsia, maternal
age>35 years and parity. These variables predict still-
birth by 71.9% AUC with 68.5% accuracy, 82.4% sensitiv-
ity and 48.4% specificity.
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Silvia Awor'"", Benard Abola?, Rosemary Byanyima?®, Christopher Garimoi Orach*, Paul Kiondo?,
Dan Kabonge Kaye®, Jasper Ogwal-Okeng® and Annettee Nakimuli®

Abstract

Background Pre-eclampsia is the second leading cause of maternal death in Uganda. However, mothers report to
the hospitals late due to health care challenges. Therefore, we developed and validated the prediction models for
prenatal screening for pre-eclampsia.

Methods This was a prospective cohort study at St. Mary's hospital lacor in Gulu city. We included 1,004 pregnant
mothers screened at 16-24 weeks (using maternal history, physical examination, uterine artery Doppler indices, and
blood tests), followed up, and delivered. We built models in RStudio. Because the incidence of pre-eclampsia was low
(4.3%), we generated synthetic balanced data using the ROSE (Random Over and under Sampling Examples) package
in RStudio by over-sampling pre-eclampsia and under-sampling non-preeclampsia. As a result, we got 383 (48.8%)
and 399 (51.2%) for pre-eclampsia and non-preeclampsia, respectively. Finally, we evaluated the actual model perfor-
mance against the ROSE-derived synthetic dataset using K-fold cross-validation in RStudio.

Results Maternal history of pre-eclampsia (adjusted odds ratio (aOR) =32.75, 95% confidence intervals (Cl) 6.59—
182.05, p=10.000), serum alkaline phosphatase(ALP) <98 IU/L (aOR=7.14, 95% Cl| 1.76—24.45, p=0.003), diastolic
hypertension > 90 mmHg (@QOR=4.90, 95% Cl 1.15—18.01, p=0.022), bilateral end diastolic notch (@OR=4.54, 95% Cl
1.65—12.20, p=0.003) and body mass index of > 26.56 kg/m? (aOR =3.86, 95% Cl 1.25—14.15, p=0.027) were inde-
pendent risk factors for pre-eclampsia. Maternal age > 35 years (aOR=3.88, 95% Cl 0.94—15.44, p =0.056), nullipar-
ity @OR=4.25,95% Cl 1.08—20.18, p=0.051) and white blood cell count > 11,000 (aOR=8.43, 95% C| 0.92—70.62,
p=0.050) may be risk factors for pre-eclampsia, and lymphocyte count of 800 — 4000 cells/microliter @OR=10.29, 95%
C10.08—1.22, p=10.074) may be protective against pre-eclampsia. A combination of all the above variables predicted
pre-eclampsia with 77.0% accuracy, 80.4% sensitivity, 73.6% specificity, and 84.9% area under the curve (AUC).

Conclusion The predictors of pre-eclampsia were maternal age > 35 years, nulliparity, maternal history of pre-
eclampsia, body mass index, diastolic pressure, white blood cell count, lymphocyte count, serum ALP and end-
diastolic notch of the uterine arteries. This prediction model can predict pre-eclampsia in prenatal clinics with 77%
accuracy.
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Introduction

Pre-eclampsia (PE), a pregnancy syndrome, is charac-
terised by hypertension and proteinuria [1, 2]. Approxi-
mately 90 per cent of cases present in the late preterm
(> 34 weeks) period and have good maternal and fetal
outcomes [2, 3]. However, 10 per cent of cases who
have an early presentation (<34 weeks) have more
severe disease and carry the additional high risks asso-
ciated with preterm birth [3, 4]. In addition, mothers
with a history of pre-eclampsia are at increased risk for
developing the cardiovascular and renal disease [2, 3].

Risk factors of PE include low socio-economic sta-
tus, nulliparity, multiple pregnancies, obesity, chronic
hypertension, being a woman of African descent, pre-
vious maternal or family history of pre-eclampsia, and
maternal age>35 years [5-7]. In addition, high sec-
ond-trimester artery Doppler resistive index, pulsatility
index, and end-diastolic notch are known risk factors
for pre-eclampsia [8, 9]. Early diagnosis and delivery of
the fetus is the only known treatment, thus necessitat-
ing the need for prediction models of this disorder.

De Kat et al. [10] summarised risk factors and mod-
els for predicting pre-eclampsia. Black race stood out
as a significant risk factor in all the studies where the
communities had a mixed race, insinuating that the
predominantly black Ugandan communities are at high
risk for pre-eclampsia. Studies by Al-Rubaie et al. [11]
achieved the highest area under the curve (AUC) for
predicting pre-eclampsia at 76% using maternal his-
tory. Gallo et al. [12] screened for PE using maternal
history and mean arterial pressure (MAP) at a false-
positive rate of 10%; their detection rate of total pre-
eclampsia was 49.3%. Jhee et al. [13] used laboratory
tests (serum urea, aspartate aminotransferase (AST),
alanine transaminase (ALT), creatinine, and haemoglo-
bin levels) to predict pre-eclampsia. They got an area
under the curve (AUC) above 57%. Delic et al. added
uric acid, urea thrombocytes, hematocrit, AST, and
leukocytes to the regression model and correctly clas-
sified 83.8% of patients with pre-eclampsia [14]. Yucel
et al. [15] predicted pre-eclampsia using mean platelet
volume (MPV) with an AUC of 64.1% and plateletcrit
(PCT) with an AUC of 71.2%.

Antwi et al. [16] reviewed prediction models for pre-
eclampsia between 2000 and 2019 and found diverse
prediction accuracy ranging from 45 — 95% in the dif-
ferent regions of the world. After observing the wide
variation in prediction rates of pre-eclampsia and con-
sistently having the black race as a risk factor for pre-
eclampsia, we developed and validated risk prediction
models based on maternal characteristics from north-
ern Uganda.
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Methods

The research was a prospective cohort study at St. Mary’s
Hospital Lacor. This hospital is a private, not-for-profit
hospital founded by the Catholic Church. It is located six
kilometres west of Gulu city along Juba Road in Gulu dis-
trict (Longitude 30 — 32 degrees East and Latitude 02 —
04 degrees North). St. Mary’s Hospital Lacor is one of the
teaching hospitals of Gulu University with a bed capacity
of 482. It is staffed by specialists, medical officers, mid-
wives, nurses, laboratory and radiology staff, and support
and administrative staff. The hospital receives about three
thousand six hundred antenatal mothers and conducts
about six thousand deliveries annually [17]. Some moth-
ers go to the hospital for delivery without prenatal care;
others are referred from smaller health units. The moth-
ers pay five thousand Uganda shillings (Ugx 5,000/ =)
($1.5) as the cost per visit. This cost is often waived for
most mothers who cannot afford it. Normal labour and
delivery cost fifteen thousand (Ugx 15,000/=) (about
$4.50), and Caesarean section costs twenty-five thousand
(Ugx 25,000/ =) (about $7.5) Uganda shillings.

Using Yamane'’s 1967 formula [18] for calculating sam-
ple size for cohort studies using finite population size: St.
Mary’s hospital Lacor receives approximately three thou-
sand six hundred antenatal mothers annually. Since my
study duration was 24 months, the limited population we
could access was about 7,200 mothers.

n=N/1+Ne’

of 7,200 mothers

05%
n=7,200/147,200(0.05)*
n=379

Yamane 1967 formula: Sample size
Where N is the finite population size
The margin of error (e)

Therefore

We doubled the sample size to take care of loss to
follow-up. We targeted all pregnant women attending
antenatal care at St. Mary’s Hospital Lacor. In Uganda,
the clinical guideline advocates for the first antenatal
care to be sought by a pregnant mother up to 20 weeks
of gestation [19]. While all expectant mothers attending
antenatal care at St. Mary’s hospital Lacor were eligible,
we included gestational ages of 16 to 24 weeks and those
who gave written informed consent to participate in the
study. Those whose pregnancies were less than 16 weeks
were given a return date for the recruitment, while those
above 24 weeks or had molar pregnancies, intrauterine
fetal death and anencephaly were excluded.

We used consecutive sampling. We informed the
mothers about the study during their morning health
education meeting given to all mothers on arrival for pre-
natal care at the hospital. All the women who satisfied the
inclusion criteria were approached and requested to pro-
vide informed consent. A research assistant administered
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questionnaire to capture their history and performed a
physical examination. Some mothers were asked to give
blood samples for full haemogram and liver and renal
function tests. A few mothers (after the 1000™ mother)
did not undergo laboratory tests for logistical reasons.
An obstetrician performed the uterine artery Doppler
sonography.

We recruited 1,285 pregnant mothers at 16—24 weeks
from April 2019 to March 2020. All the mothers were of
African ancestry at the end of the recruitment period.
We followed up with the participants until Septem-
ber 2020. One thousand four (1,004) complete delivery
records were obtained at the end of the study period.
Seven hundred eighty-two (782) participants had labora-
tory blood tests (full haemogram, liver and renal function
tests) done in addition to blood pressure readings, body
mass index calculation and maternal history. Details are
in Fig. 1.

The outcome was a combination of a blood pres-
sure>140/90 mmHg and urine protein> +1 (pre-
eclampsia) by delivery time. The data was pre-processed
using Stata® version 15 and built models using RStudio
version 4.1.3. Model 1 was built from second-trimester
maternal history and physical examination findings,
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model 2 from the ultrasound and uterine artery Doppler
indices, model 3 from a combination of maternal history,
physical examination and ultrasound findings, model 4
from maternal laboratory tests, model 5 from a combina-
tion of laboratory tests with maternal history, and model
6 from the combination of all models.

We included all variables, did a univariate analysis
and got unadjusted p-values for every variable collected.
Afterwards, we had all variables with p-values <0.20 or
known risk factors for pre-eclampsia in a logistic regres-
sion model and removed the non-statistically significant
predictors step-wise. Finally, we retained the independ-
ent risk factors for pre-eclampsia and used them to build
the models of choice, one with the least number of pre-
dictors with a higher AUC.

Because the incidence of pre-eclampsia was low (4.3%)
[20], we generated synthetic balanced data using the
ROSE package [21, 22] in RStudio by over-sampling pre-
eclampsia and under-sampling non-preeclampsia. We
got 383 (48.8%) for those diagnosed with pre-eclampsia
and 399 (51.2%) for non-pre-eclampsia. Then, we evalu-
ated the actual model performance against the ROSE-
derived synthetic dataset using K-fold cross-validation
in RStudio to obtain the AUC’s accuracy, sensitivity,

Mothers recruited N=1,285

Follow up until delivery

v

.

v

Lost to follow-up N=281
Incomplete results N=0

Had maternal history, physical examination
and uterine artery Doppler sonography
recorded

PE present n=43 I

PE absent n=961

Had blood tests N=782

v v

No PE =747

PE=35

v v

of preeclampsia

Built models to identify predictors

Fig. 1 Flow chart of participants throughout the study

144



Awor et al. BMC Pregnancy and Childbirth ~ (2023) 23:101

specificity and McFadden’s pseudo R?. The variables were
said to be independent risk factors for pre-eclampsia if
their p-value<0.05 in the model. The models, too, had a
good fit if McFadden'’s value was between 0.2 — 0.4.

Results

One thousand four (1,004) participants were used in
a regression model to obtain the unadjusted relation-
ship between the maternal history, clinical characteris-
tics and pre-eclampsia. Seven hundred eighty-two (782)
participants had additional laboratory blood tests (full
haemogram, liver and renal function tests) and complete
delivery records. So they were used to build the predic-
tion models.

Unadjusted relationship between the characteristics

of pre-eclampsia

All variables with unadjusted p-values <0.20 or known
risk factors are shown in Tables 1 and 2. All the variables
with unadjusted p-values<0.05 in the logistic regression
model were independent risk factors for pre-eclampsia.
In Table 1, the independent risk factors for pre-eclamp-
sia were maternal history of pre-eclampsia, systolic
hypertension, diastolic hypertension, prenatal hyper-
tension, presence of an end-diastolic notch, pulsatility
index > 1.34, and resistive index > 0.69.

In Table 2, the independent risk factors for pre-eclamp-
sia were serum alkaline phosphatase (ALP)<98 IU,
serum albumin<3.5 g/dL and total white blood cell
count>11,000 cells/pl. In addition, the lymphocyte
count of 800 — 4,000 cells/pl was protective against
pre-eclampsia.
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Risk factors and Prediction models for pre-eclampsia

In model 1 (Table 3), the predictors of pre-eclampsia were
maternal age, parity, personal history of pre-eclampsia,
body mass index, diastolic pressure, and multiple preg-
nancies. In addition, personal history of pre-eclampsia
(aOR=53.01, 95% CI 12.8—163.7, p=0.000), nullipar-
ity (aOR=6.13, 95% CI 1.68—26.05, p=0.009), diastolic
hypertension>90 mmHg (aOR=5.66, 95% CI 1.47—
18.26, P=0.006), multiple pregnancies (aOR=5.16,
95% CI 1.07—18.45, P=0.020), maternal age >34 years
(aOR=4.69, 95% CI 1.28—16.36, p=0.020), and body
mass index>26.56 kg/m2 (aOR=3.70, 95% CI 1.31—
12.54, p=0.021) were independent risk factors for
pre-eclampsia.

In model 2 (Table 4), the predictors of pre-eclampsia
were end-diastolic notch and average pulsatility index.
Bilateral end-diastolic notch (aOR=3.71, 95% CI 1.30—
9.81, p=0.010) and average pulsatility index of>1.34
(aOR=3.41, 95% CI 1.22—9.48, p=0.018) were inde-
pendent risk factors for pre-eclampsia.

In model 3 (Table 5), the predictors of pre-eclamp-
sia were maternal age, parity, personal history of
pre-eclampsia, body mass index, diastolic pressure,
multiple pregnancies and end-diastolic notch. In addi-
tion, personal history of pre-eclampsia (aOR=36.88,
95% CI 8.40—178.40, p=0.000), multiple pregnancies
(aOR=6.22, 95% CI 1.29—18.27, p=0.015), mater-
nal age>34 years (aOR=4.93, 95% CI 1.29—18.27,
p=0.017), bilateral end-diastolic notch (aOR=4.40,
95% CI 1.68—11.29, p=0.002), nulliparity (aOR=4.39,
95% CI 1.19—19.54, p=0.036), diastolic hyperten-
sion>90 mmHg (aOR=4.39, 95% CI 1.06—15.21,

Table 1 Unadjusted relative risk of maternal history and clinical characteristics with pre-eclampsia

Variable (N=1,004) IRR (95% Cl) p-value

Maternal age > 35 (years) 1.53 (0.66—3.54) 03170
Para 1—2 1.51 (061—3.75) 0.3780
Nulliparity 230(0.93—5.68) 0.070
Maternal history of pre-eclampsia 13.75 (7.44—25.42) <0.001
Age at menarche 13—16 years (years) 0.61(0.33—1.16) 0.1310
Age at menarche > 16 years 047 (0.19—1.18) 0.1070
Body mass index 21.92—26.56 kg/m? 064 (0.27—1.49) 0.2990
Body mass index > 26.56 kg/m2 (4th quadrant) 2.11(0.99—4.48) 0.054
Systolic blood pressure Bp > 140 mmHg 10.65 (4.29—26.41) <0.001
Diastolic blood pressure Bp > 90 mmHg 536 (231—1241) <0.001
hypertension at recruitment Bp > 140/90 mmHg 1248 (5.30—29.37) <0.001
Multiple pregnancies 495 (2.12—11.55) <0.001
Unilateral End diastolic notch 249 (1.13—5.49) 0.0230
Bilateral End diastolic notch 6.44 (3.38—12.25) <0.001
Average pulsatility index > 1.34 (95th percentile) 6.43 (349—11.84) <0.001
Average Resistive index > 0.69 (4th quadrant) 7.88(4.33—14.35) <0.001
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Table 2 Unadjusted relative risk of maternal laboratory tests with pre-eclampsia

Variable (N=782) IRR (95% ClI) p-value
Serum GGT (Gamma Glutamyl Transferase)0—30 iu 268 (0.83—8.64) 0.0990
Serum ALP (Alkaline phosphatase) < 98 iu 433 (1.81—10.35) 0.0010
Serum Albumin 3.5—4.1 g/dL 1.58 (0.59—4.22) 03610
Serum Albumin < 3.5 g/dL 2.82(1.03—7.76) 0.0450
Serum Urea 11.0—44.0 mg/dL 3.64 (0.50—23.39) 0.2010
Serum Urea<11.0 mg/dL 6.23 (0.72—54.29) 0.0980
Serum sodium 135.1—139.4 mmol/L (2nd—3rd quadrant) 0.97 (047—2.02) 0.9400
Serum sodium > 139.4 mmol/L (4th quadrant) 041 (0.13—1.30) 0.1310
Serum phosphorus 0.9—1.4 mg/dL (2nd—3rd quadrant) 2.22 (0.85—5.77) 0.1030
Serum phosphorus > 1.4 mg/dL (4th quadrant) 1.67 (0.56—5.03) 0.3590
Serum creatinine 0.8—1.2 umol/L (2nd—3rd quadrant) 0.94 (0.45—1.94) 0.8600
Serum creatinine > 1.2 umol/L (4th quadrant) 0.37(0.10—1.31) 0.1230
Lymphocyte Count (0.8—4.0)*1000 cells/pl 0.37 (0.15—0.92) 0.0330
Lymphocyte Count (>4.0)*1000 cells/pl 2.27 (0.68—7.53) 0.1820
Total White blood cell count (4.0—11.0)*1000 cells/pl 0.71 (0.28—1.81) 04780
Total White blood cell count (>11.0)¥*1000 cells/pl 465 (1.40—15.50) 0.0120
Haematocrit 30.0—39.9% 1.01 (0.48—2.12) 0.9870
Haematocrit > 40% 2.23 (0.79—6.26) 0.1290
Mean corpuscular volume (MCV) 80.0—100.0 1 0.57 (0.29—1.11) 0.0990
Mean corpuscular volume (MCV) > 100.0 fi 1.10 (0.16—7.85) 0.9210
Table 3 Showing model 1 shows the maternal history and physical examination for the prediction of pre-eclampsia

Variable Adjusted Odds Ratio (95% Cl) p-value
Maternal age > 35 years 469 (1.28—16.36) 0.020
Para 1—2 236 (0.72—8.71) 0.175
Nulliparity 6.13 (1.68—26.05) 0.009
Personal history of pre-eclampsia 53.01(12.8—163.7) <0.001
BMI of 21.92—26.56 kg/m? 1.01 (0.33—3551) 0.993
BMI of > 26,56 kg/m? 3.70(1.31—12.54) 0.021
Diastolic blood pressure > 90 mmHg 566 (1.47—18.26) 0.006
Multiple pregnancies 5.16 (1.07—18.45) 0.020
Intercept 0.00 (0.00—0.02) <0.001

Table 4 Shows model 2 shows uterine artery Doppler indices
for the prediction of pre-eclampsia

Variable Adjusted Odds Ratio p-value
(95% Cl)

Unilateral end-diastolic notch 2.39(0.92—5.78) 0.060

Bilateral end-diastolic notch 3.71(1.30—9381) 0.010

Average pulsatility index>1.34 341 (1.22—948) 0018

Intercept 0.03 (0.01—0.04) <0.001

»=0.027), and body mass index>26.56 kg/m2

(aOR=3.42, 95% CI 1.17—11.97, p=0.034) were inde-
pendent risk factors for pre-eclampsia.

In model 4 (Table 6), the predictors of pre-eclampsia
were white blood cell count, lymphocyte count, serum
alkaline phosphatase, serum albumin, and serum urea.
White blood cell count of>11000cells/dl (aOR=7.38,
95% CI 1.11—46.17, p=0.033) and serum ALP <98 IU/L
(aOR=5.84, 95% CI 1.78—16.39, p=0.001) were inde-
pendent risk factors for pre-eclampsia.

In model 5 (Table 7), the predictors of pre-eclampsia
were maternal age, parity, personal history of pre-eclamp-
sia, body mass index, diastolic pressure, white blood cell
count, and serum ALP. Personal history of pre-eclamp-
sia (aOR=48.09, 95% CI 11.11—227.25, p=0.000),
serum ALP<98 IU/L (aOR=7.77, 95% CI 2.04—25.38,
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Table 5 Shows model 3 shows a combination of maternal
history and uterine artery Doppler indices for the prediction of
pre-eclampsia

Variable Odds Ratio (95% Cl) p-value
Maternal age Over 34 years 493 (1.29—18.27) 0.017
Para 1—2 2.13(063—8.17) 0.244
Nulliparity 439(1.19—19.54) 0.036
Personal history of pre-eclampsia 36.88 (8.40—178.40) <0.001
BMI of 21.92—26.56 kg/m? 1.03 (0.33—3.71) 0.957
BMI of > 26.56 kg/m? (4th quadrant) 342 (1.17—11.97) 0.034
Diastolic blood pressure >90 mmHg 439 (1.06—15.21) 0.027
Multiple pregnancies 6.22 (1.29—18.27) 0.015
Unilateral end-diastolic notch 2.39(0.85—6.30) 0.083
Bilateral end-diastolic notch 440 (1.68—11.29) 0.002
Intercept 0.00 (0.00—0.02) <0.001

Table 6 Model 4 shows maternal laboratory characteristics for
the prediction of pre-eclampsia

Variable Odds Ratio (95% Cl) p-value
White cell count of (4.0—11.0)*10° 1.18 (040—4.25) 0.780
White cell count of (>11.0)*103 7.38(1.11—46.17) 0.033
Serum ALP (alkaline phosphatase) <98 5.84 (1.78—16.39) 0.001
iu/L

Serum albumin 3.5-4.1 mg/dl 2.01(0.74—6.60) 0.247
Serum albumin < 3.5 mg/dl 2.84(0.97—9.67) 0.080
Serum urea 11.0—44.0 iu/L 430 (0.83—80.02) 0.158
Serum urea< 11.0iu/L 8.00 (1.02—169.30) 0.074
Lymphocyte count of (0.8—4.0)*10° 0.29 (0.10—1.06) 0.041
Lymphocytes count of >4.0%10> 1.30 (0.19—7.91) 0.705
Intercept 0.01 (0.00—0.06) <0.001

p=0.001), diastolic  hypertension>90  mmHg
(aOR=7.24, 95% CI 1.85—24.32, p=0.002), white
blood cell count>11,000 cells/ul (aOR=6.40, 95% CI

Page 6 of 10

1.13—33.82, p=0.028), nulliparity (aOR=6.32, 95% CI
1.69—28.11, p=0.010), body mass index of > 26.56 kg/m>
(aOR=4.41, 95% CI 1.49—15.45, p =0.012) and maternal
age >34 years (aOR=3.88, 95% CI 1.01—14.32, p =0.043)
were independent risk factors for pre-eclampsia.

In model 6 (Table 8), the predictors of pre-eclampsia
were maternal age, parity, personal history of pre-eclamp-
sia, body mass index, diastolic pressure, white blood cell
count, lymphocyte count, serum ALP and end-diastolic
notch of the uterine arteries. Personal history of pre-
eclampsia (aOR =32.75, 95% CI 6.59—182.05, p=0.000),
serum ALP<98 IU/L (aOR=7.14, 95% CI 1.76—
24.45, p=0.003), diastolic hypertension>90 mmHg
(aOR=4.90, 95% CI 1.15—18.01, p=0.022), bilateral
end diastolic notch (aOR=4.54, 95% CI 1.65—12.20,
p»=0.003) and body mass index of>26.56 kg/m2
(aOR=3.86, 95% CI 1.25—14.15, p=0.027) were inde-
pendent risk factors for pre-eclampsia.

Evaluation of the models’ performance

We evaluated the models using K (10) -fold cross-valida-
tion to obtain the accuracy, specificity, sensitivity, AUC
and McFadden’s pseudo R% Details are in Table 9.

Discussion

In this research, maternal history predictors of pre-
eclampsia were maternal age, parity, personal history of
pre-eclampsia, body mass index, diastolic pressure, and
multiple pregnancies. They predicted pre-eclampsia with
66.6% accuracy, 82.7% sensitivity, and 78.4% AUC with a
McFadden’s pseudo R” of 0.21. It can identify four out of
five participants destined to develop pre-eclampsia. The
low specificity of the model of close to 50% reduces the
model’s accuracy to 66%. This model is of good fit and
can be used independently in prenatal clinics to screen
for pre-eclampsia. In Ghana [23], predictors of pre-
eclampsia were diastolic blood pressure, family history

Table 7 Model 5 shows the maternal history and laboratory tests for the prediction of pre-eclampsia

Variable Adjusted Odds Ratio (95% Cl) p-value

Maternal age Over 34 years 3.88(1.01—14.32) 0.043
Para 1—2 262 (0.77—10.15) 0.140
Nulliparity 6.32(1.69—28.11) 0.010
Personal history of pre-eclampsia 4809 (11.11—227.25) <0.001
BMI of 21.92—26.56 kg/m2 1.06 (0.34—3.74) 0.923
BMI of > 26.56 kg/m? 441 (149—1545) 0.012
Diastolic blood pressure > 90 mmHg 7.24 (1.85—24.32) 0.002
White cell count of (4.0—11.0)*10> 0.52(0.18—1.74) 0.241

White cell count of >11.0¥10° 6.40 (1.13—33.82) 0.028
Serum ALP <98.0 iu/L 7.77 (204—25.38) 0.001

Intercept 0.01 (0.001—0.03) <0.001
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Table 8 Model 6 shows maternal history, uterine artery Doppler indices, and laboratory tests for the prediction of pre-eclampsia

Variable Adjusted Odds Ratio (95% Cl) p-value

Maternal age Over 34 years 3.88 (0.94—15.44) 0.056
Para 1—2 2.56 (0.73—10.62) 0.144
Nulliparity 4.25(1.08—20.18) 0.051
Maternal history of pre-eclampsia 32.75 (6.59—182.05) <0.001
BMI of 21.92—26.56 kg/m2 1.09 (0.34—3.98) 0.888
BMI of > 26.56 kg/m2 3.86(1.25—14.15) 0.027
Diastolic blood pressure > 90 mmHg 490 (1.15—18.01) 0.022
Unilateral end-diastolic notch 2.36(0.81—6.39) 0.100
Bilateral end-diastolic notch 4.54 (1.65—12.20) 0.003
White cell count of (4.0—11.0) *10° cells /ul 0.85(0.24—3.49) 0.807
White cell count of >11.0 *103 843 (0.92—70.62) 0.050
Serum ALP <98 iu/L 7.14(1.76—24.45) 0.003
Lymphocyte count of (0.8—4.0) ¥10° 0.29 (0.08—1.22) 0.074
Lymphocytes count of >4.0%10° 0.84 (0.09—6.96) 0.876
Intercept 0.01 (0.00—0.06) <0.001
Table 9 Shows model performance evaluation using K-fold cross-validation

Model Accuracy (%) Sensitivity (%) Specificity (%) AUC (%) McFadden'’s

Model 1 (History and physical exam) 66.6 82.7 499 784 0.21

Model 2 (Uterine artery Doppler indices) 68.8 737 63.7 714 0.09

Model 3 (Combination of models 1 and 2) 76.0 782 736 804 0.25

Model 4 (Maternal blood tests) 67.1 76.9 56.9 756 0.11

Model 5 (combination of models 1 and 4) 72.7 84.0 61.1 82.2 0.26

Model 6 (Combination of models 3 and 4) 77.0 80.2 736 849 0.30

Models 1, 3, 5 and 6 had a good fit with McFadden'’s pseudo-R-square between 0.2 and 0.4. Therefore they are helpful for the screening of pre-eclampsia in prenatal

clinics

of hypertension in parents, history of pre-eclampsia in a
previous pregnancy, nulliparity and obesity, with an AUC
of the original model being 70% and 68% in the validation
cohort. Gallo et al. [12] screened by maternal characteris-
tics and mean arterial pressure (MAP) at a false-positive
rate of 10%; their detection rate of total pre-eclampsia
was 49.3%. In a systematic review by Al-Rubaie et al. [11],
their detection rate was 76%.

With uterine artery Doppler indices, we predicted
pre-eclampsia with over 68% accuracy and 71.4% AUC.
Unfortunately, the model had a McFadden’s pseudo R? of
0.09 and was not a good fit. Therefore, this model cannot
be used independently in prenatal clinics to screen for
pre-eclampsia. That was way below Trudinger et al. [9],
who predicted up to 90% of pre-eclampsia in Australia
using an end-diastolic notch. Using a combination of
maternal history, physical examination and uterine artery
Doppler indices, we got an AUC of 80.4% with 76.0%
accuracy. That is comparable to Pedroso et al. [24], who
found a combination of uterine artery Doppler indices
and maternal history predicted 75% of PE.

With laboratory blood tests, we predicted pre-
eclampsia with 67.1% accuracy and 75.6% AUC with
McFadden’s pseudo R? of 0.11. However, this model
cannot be used independently in prenatal clinics to
screen for pre-eclampsia. Jhee et al. [13] used a com-
bination of serum urea, aspartate aminotransferase
(AST), ALT, creatinine, and haemoglobin levels to pre-
dict pre-eclampsia with AUC above 57%. Yucel et al.
[15] predicted pre-eclampsia using mean platelet vol-
ume (MPV) and plateletcrit (PCT) with AUC of 64.1%
and 71.2%, respectively.

When we combined laboratory blood tests with mater-
nal history, the accuracy improved to 72.7% with an AUC
of 82.2% with a McFadden’s pseudo R? of 0.26. The com-
bination of maternal history and uterine artery Doppler
indices improved the accuracy to 76% with 80.4% AUC
with a McFadden’s pseudo R* of 0.25. Combining mater-
nal history, blood tests, and uterine artery Doppler indi-
ces (model 6) slightly improved the prediction accuracy
to 77.0% and 80.2% sensitivity with an AUC of 84.9%
with a McFadden’s pseudo R? of 0.30. All the combined
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models were of good fit and could be used independently
in prenatal clinics to screen for pre-eclampsia.

Delic et al. [14] added uric acid, urea thrombocytes,
hematocrit, AST and leukocytes into the logistic regres-
sion model and correctly classified 83.8% of patients with
pre-eclampsia. That had a better detection rate than 57%
in the UK [25]. A low level of serum ALP may signify a
reduced viable mass of placental tissue in pregnancy
[26, 27], which means a decreased surface area for the
transfer of nutrients from mother to baby. This reduced
surface area of the functional placenta may increase the
number of placental infarcts and, eventually, placental
debris released into the maternal circulation. In addition,
increased levels of placental tissue in maternal circula-
tion lead to maternal systemic inflammation [28]. That
may result in endothelial injury, vasoconstriction and
hypertension [29].

Duckit et al. [6], in a systematic review, found con-
trolled cohort studies showing the risk of pre-eclamp-
sia increased in women with a previous history of
pre-eclampsia, multiple (twin) pregnancy, nulliparity,
family history, raised blood pressure (diastolic >80 mm
Hg) at booking, increased body mass index before preg-
nancy at booking, or maternal age >40. Antwi et al. [16]
reviewed prediction models for pre-eclampsia between
2000 and 2019 and found diverse prediction accuracy
ranging from 45 — 95% in the different regions of the
world. The other prediction rates could explain the dif-
ferences in the populations studied or the test techniques
and the ultrasound machines used. Our models seem
within acceptable accuracy, although the whole study
population was at high risk. These models will ease the
identification of high-risk mothers and referral to spe-
cialists’ healthcare providers. That may, in turn, contrib-
ute to reducing maternal mortality and morbidity in the
community.

Strength of the study

This is a baseline study in northern Uganda and could
open ways for further research on pre-eclampsia in this
community.

Weakness of the study

There were many losses to follow-ups, which could have
skewed the results differently. The data collection period
(April 2019 to September 2020) coincided with part
of the covid -19 lockdowns in Uganda. Many mothers
could not come to the hospital and may have delivered
from home or in smaller health units near their homes.
Patients were not motivated by transport refunds or
covering hospital bills. The government hospital (Gulu
regional referral hospital) was only 6 km away, offer-
ing free prenatal and delivery services. That could have
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affected the return of those who could not afford the hos-
pital bills. Future studies could find ways of motivating
mothers to deliver in hospitals.

What is already known about this topic

It is known that women of African descent are more at
risk of pre-eclampsia than other communities [5-7]. It is
also known that in prenatal clinics where pre-eclampsia
is predicted, early diagnosis and appropriate treatment
are made to save lives [30-32].

What new knowledge the study adds

The new knowledge added through this study is that the
incidence of pre-eclampsia in this black community is
comparable to global estimates of pre-eclampsia [33]. The
predictors of pre-eclampsia are also similar to other com-
munities. We also predicted pre-eclampsia using a full
haemogram, liver and renal function tests, uterine artery
Doppler sonography, and maternal history. However, the
Doppler indices percentiles differ when compared to the
global north.

Implication for practice
The prediction models can be adapted for use in prena-
tal clinics to screen mothers for the prediction of pre-
eclampsia. In addition, data from such clinics can be used
to validate the models.

Conclusions

Predictors of pre-eclampsia in the low resource setting of
northern Uganda are maternal age > 35 years, nullipar-
ity, maternal history of pre-eclampsia, body mass index,
diastolic pressure, white blood cell count, lymphocyte
count, serum alkaline phosphatase and end-diastolic
notch of the uterine arteries. Prenatal clinics without any
ultrasound scans or laboratory can adequately predict
pre-eclampsia with up to 66.6% accuracy and 78.4% AUC.
However, clinics with Doppler ultrasound and laboratory
tests can use maternal history either with ultrasound or
laboratory blood tests or both. That will improve the pre-
diction AUC to over 80%.

Recommendation

We built the models based on data from one health facil-
ity, and most of the respondents lived in one region of
Uganda. Therefore, we recommend that the models be
further validated with datasets from other areas of the
country to scale up the use.
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ABSTRACT

Background: Known risk factors for preeclampsia include women of African
descent and low socioeconomic status. This means all the mothers in Northern
Uganda are at risk. In Uganda preeclampsia causes 12 — 19% of maternal deaths.
However, data on its burden is limited.

Objective: To determine prenatal care retention and preeclampsia incidence in
northern Uganda.

Setting: St. Mary’s hospital Lacor, northern Uganda.

Design: Prospective cohort study.

Participants: Recruited 1,285 mothers at 16-24 weeks of gestation. Their history,
physical findings, blood tests, and uterine artery Doppler indices were taken at
baseline, and the women were followed up until delivery.

Outcome: A combination of hypertension with proteinuria was taken as
preeclampsia.

Statistical analysis: Means, medians, and proportions were used to describe the
population. The incidence per 10* women weeks of follow-up computed for
different gestation ages.

Results: Seventy-eight percent of the women delivered at the health facility.
Women who were not retained through to delivery were younger (p<0.0001), had
low BMI (p=0.0001) and more likely to be unemployed (p<0.0001). Overall, 43
women developed preeclampsia giving a prevalence of 4.3% (95% CI 3.1% -
5.7%), and an incidence of 11 per 10* women weeks. The incidence of

preeclampsia was 68 per 10* women weeks’ for women delivered at < 34
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completed weeks of pregnancy, and 6.0 per 10* women weeks for those delivered

at > 37 weeks.

Conclusion: Retention to prenatal care is 78% while the incidence of
preeclampsia is 4.3% in Northern Uganda. This incidence is higher at lower

gestation ages.

INTRODUCTION

Preeclampsia (PE) is any new-onset
hypertension (Blood pressure of >140/90
mmHg) and proteinuria (= + urine dipstick or
0.3 grams per 24-hour urine) after 20 weeks
of gestation in a previously normotensive
woman'!. The exact cause of PE is not
known?, however, many risk factors have
been associated with it. These include low
socioeconomic status, nulliparity, obesity,
chronic hypertension, women of African
descent, previous personal or family history
of PE, delivery of male babies, maternal age

>35 years, new partner fathering the
pregnancy, Kidney disease, diabetes
mellitus, pregnancy at high altitude,

antiphospholipid antibodies, systemic lupus
erythematosus, Molar, and twin
pregnancies®¢. Primary smoking on the other
hand is known to be protective” 8. And yet we
do not know whether secondary smoking is
also protective.

PE affects 2-10% of pregnancies globally with
incidence ranging from 3 to 10% in
nulliparous and 1 to 3% in multiparous
women® °, It is a major cause of maternal
death in Sub-Saharan Africa. In Uganda, it
causes 10 to 19 percent of maternal deaths
every year'!. There is limited data on both its
incidence and burden in Sub-Saharan Africa.
PE is associated with many adverse maternal
and fetal outcomes including intrauterine
growth restriction, low Apgar score,
perinatal death, maternal morbidity, and
mortality’?. Early diagnosis and timely
delivery of the baby improve pregnancy
outcomes??. This can only be done by regular
prenatal screening and visits to ensure early
diagnosis.

In Northern Uganda, over 93% of pregnant
women come into contact with a skilled
health care provider at least once over the
prenatal period®. However, health facility
delivery has been low (about 55%), only
rising occasionally whenever there is
motivation of the mothers by the provision of
free delivery incentives'®. This is contrary to
98.4% retention to prenatal care in the
developed world where mothers have health
insurance to cover prenatal care and delivery
costs*. So we set out to determine the
incidence of preeclampsia and retention to
prenatal care in Northern Uganda.

METHODS

Setting: St. Mary’s Hospital Lacor.

Study design: This was a prospective cohort
study

Participants

We recruited 1,285 pregnant mothers at 16-24
weeks of gestation from April 2019 to March
2020 and followed up until September 2020
when the last one was delivered. No
transport refund or incentive was given to
participants for being recruited into the
study. Excluded those with preeclampsia or
lethal congenital anomalies.

Study procedure: The mothers were informed
about the study during the morning health
education talk in the antenatal clinic. Those
who satisfied the inclusion criteria were
approached and requested for written
informed consent. The mothers were given
questionnaire about their personal history
administered by a research assistant
(midwife). Their weight and height (to
calculate body mass index BMI); and blood
pressure were taken.
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The mothers were requested to give blood
samples, and these were collected in the
EDTA and sterile containers. The serum from
the sterile containers were analyzed for liver
and renal function tests using humalyzer
serum chemistry machine (Humastar 200,
Wiesbaden, Germany) The blood samples in
the EDTA container were for full
haemogram, analyzed wusing a coulter
counter machine (HumaCount, Wiesbaden,
Germany) at St. Mary’s hospital Lacor. They
also gave urine samples for urine proteins.

The mothers were requested to empty their
urinary bladder and lie supine on the
examination couch. Obstetric ultrasound
with uterine artery Doppler sonography was
done according to guidelines from the

international society of ultrasound in

obstetrics and gynecology (ISUOG) from
April 2019 to March 2020 using GE Logiq V2
ultrasound (GE healthcare China, distributed
by Computech limited in Uganda). The
appearance of the Doppler flow tracing is
shown in figure 1. A depression at the end of
diastole in the cardiac cycle on the waveform
tracing is taken as an end-diastolic notch
(abnormal). Since uterine artery Doppler
pulsatility (PI) and resistive (RI) indices
values for the study population were not yet
known, we got all the Doppler indices of
participants and grouped into
percentiles. The indices above the 90"
percentile or the presence of an end-diastolic
the artery Doppler
waveform was taken as abnormal.

them

notch in uterine

Figure 1a: Normal uterine artery Doppler flow tracing
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End-diastolic notch

Figure 1: Abnormal uterine artery Doppler flow tracing

Outcomes: A combination of a blood pressure
>140/90mmHg and urine protein > +1 was
preeclampsia at the time of delivery, and
those who delivered in the hospital were
taken as retained to prenatal care.

Statistical analysis: Given the known risk
factors of preeclampsia from literature (body
mass index, nulliparity, personal history of
preeclampsia, family history
preeclampsia, antenatal blood pressure,
menarche and cigarette smoking, pulsatility
index, resistive index, end-diastolic notch)
and global prevalence of preeclampsia
estimated at 4.6%°, we used an online
software for calculating sample size since the
incidence of preeclampsia was not known in
our community. The sample size was
estimated to be at least 750 mothers,
however, we added about 20% to the
calculated sample size to reduce the effect of
low response rate, loss to follow-up, or
withdrawal from the study.

We applied t-test and Mann-Whitney tests to
compare means and medians, respectively,
and Pearson’s chi-square to compare
proportions for categorical variables, of those
who were retained in the study and those
who were lost. We also calculated the
proportions of women who got preeclampsia
at the different gestation ages (in weeks) and
per 10,000 women weeks of follow-up.

of

Ethical consideration: The study was approved
by Makerere University School of Medicine
Research and Ethics Committee (Reference
number 2018-105), Uganda National Council
for Science and Technology (Reference
number HS25,8ES),
clearance to conduct the research at St.
Mary’s hospital Lacor was also obtained
(Reference number LHIREC Adm 009/11/18).
Written informed consent was obtained from
every participant.

and administrative

RESULTS

Maternal characteristics in the second trimester

One thousand two hundred -eighty-five
(1,285) pregnant mothers were recruited. Of
the mothers recruited, the median maternal
age was 25 years with an interquartile range
of 22 to 30 years. The average parity was 1.5
with a range of 0 — 2. The majority of women
(777, 60.5%) were employed in the informal
sector while 429 (33.4%) reported being
unemployed. At recruitment only 15 (1.2%)
of women reported previous experience with
pre-eclampsia, 412 (32.1%) were prime
gravida and for 856 (66.7%) women, previous
pregnancies were free of pre-eclampsia. A
total of 253 (19.7%) had experienced a
miscarriage and 113 (8.8%) had a chronic
illness. Very few women, < 0.2% reported

155



June 2022

EAST AFRICAN MEDICAL JOURNAL

4889

ever smoking but 136 (10.6%) lived with a
smoker and so exposed to side-stream
smoking, and 71 (5.5%) were using alcohol

during the current pregnancy. The mean

Table 1a

gestation age at recruitment was 20.4 weeks
with an interquartile range of 18.6 to 22.1
weeks. Details are in Table 1a below.

Social demographic characteristics of the study population at recruitment

Characteristics

Total population recruited = 1,285

Demographic characteristics

Maternal age (years) mean (sd) 26.0 (5.4)
median (IQR) 25 (22-30)
Marital Status Single 22.(1:7)
Married / cohabiting 1,263 (98.3%)
Parity mean (sd) 1.5 (1.6)
median (IQR) 1(0-2)
Employment Unemployed 429 (33.4%)
Informal 777 (60.5%)
Formal (salaried job) 79 (6.2%)
Gestation age at recruitment (weeks) mean (sd) 20.4 (2.8)
median (IQR) 20.3 (18.6 - 22.1)
Past obstetric history
Not  applicable  (prime
Personal history of preeclampsia gravida) 412 (32.1%)
No 856 (66.7%)
Yes 15 (1.2%)
Past Gynaecological history
Age at menarche (years) Mean (sd) 14.4 (1.5)
median (IQR) 14 (13-15)
History of miscarriage no 1,032 (81.3%)
yes 253 (19.7%)
History of fertility treatment no 1,275 (99.2%)
yes 10 (0.8%)
Past medical history
Family history of preeclampsia no 1,239 (96.4%)
yes 46 (3.6%)
Presence of a chronic illness no 1,172 (91.2%)
yes 113 (8.8%)
Tobacco use in a lifetime no 1,283 (99.8%)
yes 2(0.2)
Living with a smoker in one house no 1,149 (89.4%)
yes 136 (10.6%)
Alcohol use in pregnancy no 1,214 (94.5%)
yes 71 (5.5%)
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Prenatal hypertension was present in 0.5% of
About 2.6%

participants.

had diastolic

hypertension, and 9.3% of the mothers were

obese. Overall, 141 (11.0%) of the mothers
had a bilateral end-diastolic notch. Details in
Table 1b below.

Table 1b
Clinical and uterine artery Doppler characteristics of the study population

Characteristics Total population recruited = 1,285
Clinical findings
Body mass index mean (sd) 24.5 (3.8)
Median (IQR) 23.7 (21.7 - 26.6)
Systolic blood pressure mean (sd) 105.9 (12.0)
median (IQR) 105.0 (97 - 113)
Diastolic blood pressure mean (sd) 63.9 (10.5)
median (IQR) 63.0 (57 - 70)
Prenatal hypertension no (Bp<140/90mmHg) 1,278 (99.5%)
yes (Bp=140/90mmHg) 7 (0.5%)
Singleton No 28 (2.18%)
Yes 1257 (97.82%)
Uterine artery Doppler indices
End diastolic notch No notch 953 (74.16%)

Unilateral notch

191 (14.86%)

Bilateral notch

141 (10.97%)

Average pulsatility index mean (sd) 0.80 (0.29)
median (IQR) 0.75 (0.61 - 0.94)

Average Resistive index mean (sd) 0.51 (0.11)
median (IQR) 0.50 (0.44 - 0.58)

At baseline, the median haemoglobin level
was 10.8g/dL (9.5 — 12.1) and 405 (40.5%) of
the women were anaemic with a
haemoglobin level of <10.5g/dL. The median
mean corpuscular volume was 84.7fL. (IQR
79.9-89.2). Only afew women 23 (2.3%) had
white blood cell count above 11000 per

microliter. Overall 226 (22.6%) of the women
had serum Albumin <3.5 g/dL).

There were many women with abnormal
liver function tests: 166 (16.6%) with serum
ALT > 40 U/L and 201 (20.1%) with serum
GGT >30 U/L. The details of these findings
are in table 1c.
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Table 1c
Maternal laboratory characteristics of the study population
Characteristics Total population recruited = 1,000
Median (IQR) Mean (sd)
Serum ALT 24.0 (18 - 34) 30.0 (26.8)
Serum AST 14.0 (6.0 -26.0) 19.9 (23.3)
Serum GGT 20.0 (14 - 29) 21.6 (8.5)
Serum ALP 147.0 (115 - 179) 153.4 (48.8)
Serum bicarbonate 25.0 (24 - 27) 25.4 (2.3)
Serum Albumin 39(3.5-4.1) 4.1 (3.1)
Serum Urea 18.0 (14 - 25) 25.8 (28.0)
Serum sodium 137.3 (135.1 - 139.4) 137.5 (3.8)
Serum potassium 4.2 (3.9 -4.5) 4.2 (1.1)
Serum chloride 105.9 (103.7 - 108.9) 106.4 (4.3)
Serum phosphorus 1.1(0.9-1.4) 1.3 (0.8)
Serum calcium 22((21-24) 24 (1.1)
Serum creatinine 0.9(0.8-1.2) 1.1 (0.8)
Neutrophil count 3.5(2.6-4.5) 3.7 (2.1)
Lymphocyte Count 1.7 (1.3-2.1) 1.8 (1.1)
Total White blood cell count 6.0 (4.8-7.5) 6.3 (2.9)
Platelet count 219 (178 - 266) 224 (73)
Haemoglobin level 10.8 (9.5-12.1) 10.7 (1.9)
Haematocrit 32.9 (28.5 - 36.0) 32.5(6.5)
Mean corpuscular volume 84.7 (79.9 - 89.2) 84.5(7.7)
Mean corpuscular haemoglobin
concentration 32.8 (31.5 - 34.4) 329 (2:5)

Sd = standard deviation, IQR= Interquartile range

Maternal retention to prenatal care

One thousand four (78.1%) mothers had delivery records and so could not be used to

complete delivery records. The two hundred

eighty-one (21.9%) mothers had missing

calculate the incidence of preeclampsia.

Consented and recruited N=1,285

Used in analysis

€~

Follow up

v

. :

Deliveries recorded n=1,004 (Retained)

|

\
v

Lost to follow-up n= 281

PE present n=43

!

PE absent n=961

Dropped (No pregnancy outcome)

Fig.2: Flow chart showing retention of participants in the study
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The mean age of women retained in the study
was significantly higher than those lost to
follow-up (26.3 versus 24.7 years, p= 0.0000).
Similarly, women who were retained had a
significantly higher BMI compared to those
who were lost to follow-p (24.7Kg/m? (sd 3.9)
versus 23.7Kg/m? (sd 3.1), p=0.0001). The
prevalence of singleton foeti was marginally

lower than multiple foeti in the women who
were retained compared to those who were
lost to follow-up (77.8% versus 92.9%
p=0.057). The two groups of women were
similar in all other variables included in table
1la, 1b and 1c above. Other details are shown
in Table 2 below.

Table 2
Comparison of the baseline characteristics of individuals retained in the study versus those who were lost to
follow-up
Characteristics population retained = 1004 population lost =281 p-value
Maternal age (years)
mean (sd) 26.3 (5.5) 24.7 (5.3) 0.0000
median (IQR) 26.0 (22 - 30) 24 (20 - 28) 0.0000
Employment category
Unemployed 311 (72.5%) 118 (27.5%) 0.0000
Informal 620 (79.8%) 157 (20.2%)
Formal 73 (92.4%) 6 (7.6%)
Body mass index
mean (sd) 24.7 (3.9) 23.7 (3.1) 0.0001
Median (IQR) 23.9 (21.8 - 26.8) 23.2(214-25.2) 0.0003
Diastolic blood pressure
mean (sd) 64.0 (10.4) 63.0 (10.8) 0.1791
median (IQR) 63 (57 - 70) 62 (56 - 68) 0.0847
Singleton pregnancy
Yes 978 (77.8%) 279 (22.2%) 0.0570
No 26 (92.9%) 2 (7.1%)
Maternal Laboratory tests population retained = 782 population lost =218 p-value
Serum ALT (Alanine
Aminotransferase)
mean (sd) 30.6 (27.7) 27.9 (23.9) 0.1743
median (IQR) 25 (18.0 - 34.5) 23 (16.0 - 34.0) 0.0378
Lymphocyte Count
mean (sd) 1.8 (0.9) 1.9 (1.5) 0.0954
median (IQR) 1.6 (1.3-2.1) 1.8 (1.3-2.2) 0.0789

Incidence of preeclampsia

Preeclampsia developed in 43 out of 1004
who returned to deliver in hospital. Seven
mothers had early-onset preeclampsia that is
onset at < 34 weeks gestation while 36 had

late-onset preeclampsia as shown in figure 3.
Table 3 shows the incidence of pre-eclampsia
according to the FIGO classification of
preeclampsia’.
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Pre-eclampsia
Early onset <=
34 weeks
16%
W Early unsel <~ 34 weeks
® Late onset > 34 weeks
Late onset > 34
weeks
84%
Fig 3: Pie chart showing the proportion of early and late-onset preeclampsia
Table 4
Incidence of preeclampsia
Variables N Diseased | [% (95% CI)] Incidence of
preeclampsia per 10*
women weeks

Owerall preeclampsia
No preeclampsia 91 |0 [95.7% (94.3% - 96.9%)] | 0
Number with preeclampsia 43 43 [4.3% (3.1% - 5.7%)] 11 (8 - 15)
Early and late onset preeclampsia
Early onset preeclampsia <34 35 |7 [20% (8.4% - 36.9%)] 68 (29 - 126)
weeks
Late onset preeclampsia 969 | 36 [3.7% (2.6% - 5.1%)] 9(7-13)
(Delivery at >34 weeks)
Preterm and term preeclampsia
Preterm preeclampsia 128 | 21 [16.4% (10.5% - 24.0%)] | 48 (31 -71)
(Delivery at <37 weeks)
Term preeclampsia (Delivery 876 | 22 [2.5% (1.6% - 3.8%)] 6 (4-10)
at > 37 weeks)

Overall, 43 women developed preeclampsia
giving a prevalence of 4.3% (95% CI 3.1% -
5.7%) and an incidence of 11 per 10* women
weeks of follow-up. Out of the thirty-five
mothers who delivered before 34 weeks of
gestation, 7 [20% (95% CI 8.4% - 36.9%)] had
preeclampsia. That translates to an incidence
of 0.0068 preeclampsia per woman week (68
preeclampsia per 10* women weeks’).

However, for those who delivered at >34
weeks of gestation, 3.7% had preeclampsia,
translating to 0.0009 preeclampsia per
woman week [9 per 10* woman weeks]. The
incidence of preeclampsia is higher at lower
gestation ages.
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DISCUSSION

The prevalence of preeclampsia was 4.3%,
similar to published data. The global
estimates for preeclampsia are 4.6%° with a
lot of variation between regions. Khalil et al®
found women of Afro-Caribbean racial origin
and South Asian racial origin were most at
risk of preeclampsia in the global north. The
incidence of preeclampsia among women of
Afro-Caribbean racial origin was 2.9% within
the global north® while it was 5.8% in South
Africa®. The incidence of preeclampsia is 3.8%
in india®® and 3.0% in Pakistan’®. The
incidence of preeclampsia is higher in Latin
American countries with 4.4% in Uruguay,
55% in Mexico, and almost 10%
Argentina'® . Considering the majority of
women in Argentina are Caucasians, it may
not necessarily make Afro-Caribbean racial
origin a risk factor for preeclampsia.

The incidence of preeclampsia was higher at
early gestation age compared to term
pregnancies, with 20.0% at <34 weeks
compared to 2.5% at 237 weeks. This trend is
comparable to the 8.7% to 30.0% for preterm
and 2.0% term preeclampsia in low-risk
populations V. Fourteen (15%) of 93
deliveries of women with gestation age of
34.0-<37 weeks had preeclampsia compared
to the 22 (2.5% among 876 women who
delivered with 237 weeks pregnancy
gestation. Most of the births for early-onset
preeclampsia are iatrogenic (induced)”,
therefore, adding to the complications of
preterm birth.

However, this incidence of preeclampsia
could be inaccurate because of the high
number of losses to follow-up of up to 22%.
These women were younger, and
unemployed with lower body mass index
compared to those who were retained. This
was probably an indicator of low
socioeconomic status. Low socioeconomic
status is a risk factor for
preeclampsia’®.

in

known

The laboratory tests revealed a high
prevalence of liver dysfunction with one in
five women having elevated liver enzymes,
and a similar proportion having low serum
albumin which points towards protein-
energy malnutrition. In Riyadh, liver
enzymes AST, ALT and ALP were found to
be increased in women at high risk of
preeclampsia compared to the low risk
group?. A substantive number of the study

participants had features of HELLP
syndrome (Hemolysis, Elevated Liver
enzymes, and Low Platelet count). These

could have been pre-clinical manifestations
of preeclampsia. There is a need for further
studies to determine what proportion of
women are at risk, how many actually
develop the full-blown HELLP condition in
our population, and what are the other
causes of these abnormalities. Our findings
point to a need to further studies to document
the prevalence and pattern of chronic illness
among pregnant women in this region.

In Uganda healthcare is free, with massive
shortages of supplies and drugs. Most poor
mothers prefer to deliver from home because
they are unable to purchase the supplies
needed to access the free hospital births's.
This study never covered any bills for the
mothers, and got 78% retention. In contrast,
in the developed world where most mothers
have health insurance to cover delivery costs,
hospital delivery rates are over 98%!.
Therefore, many of the mothers who were
lost to follow-up could have got
preeclampsia and its adverse effects.

CONCLUSION

The incidence of preeclampsia was 4.3%,
with higher values at lower gestation ages.
While the retention to prenatal care in
Northern Uganda was 78%, many of the
mothers who were lost to follow-up were
probably of lower socioeconomic status, who
could have got preeclampsia but were
missed.
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Strength of our study

This was a baseline study in Northern
Uganda and our result could be used to
determine the nature of subsequent studies in
the community and probably the
country/region.

Weakness of our study

We discharged mothers from the study at the
delivery of the baby. Therefore, mothers who
developed preeclampsia after delivery were
not captured. We did not look for mothers
who were lost to follow-up into the
community to find out how they were in the
puerperium.

RECOMMENDATION

We hope future studies will do serial
measurements at intervals during the
prenatal period, and endeavor to motivate
more mothers to deliver in hospital by
awarding incentives and covering the costs of
hospital births.
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Abstract

Introduction: despite the widespread poverty in
Northern Uganda resulting in undernutrition, not
all mothers deliver low birth weight babies.
Therefore, we developed and validated the risk
prediction models for low birth weight at term in
Northern Uganda from a prospective cohort study.
Methods: one thousand mothers were recruited
from 16 - 24 weeks of gestation and followed up
until delivery. Six hundred and eighty-seven
mothers delivered at term. The others were either
lost to follow-up or delivered preterm. Used
proportions to compute incidence of low birth
weight at term, build models for prediction of low
birth weight at term in RStudio. Since there were
few low birth weight at term, were generated
synthetic data using ROSE-package in RStudio by
over-sampling low birth weights and under-
sampling normal birth weights, and evaluated the
model performance against the synthetic data
using K (10) - fold cross-validation. Results: mean
age was 26.3 years with an average parity of 1.5.
Their mean body mass index was 24.7 and 7.1%
(49 of 687) had lateral placenta. The incidence of
low birth weight was 5.7% (39 of 687). Predictors
of low birth weight were gravidity, level of
education, serum alanine aminotransferase (ALT),
serum gamma-glutamyl  transferase  (GGT),
lymphocyte count, placental location, and end-
diastolic notch in the uterine arteries. This
predicted low birth weight at term by 81.9% area
under the curve (AUC), 76.1% accuracy, 72.9%
specificity, and 79.1% sensitivity. Conclusion: a
combination of gravidity, level of education, serum
ALT, serum GGT, lymphocyte count, placental
location, and end-diastolic notch in the uterine
arteries can be used for screening for low birth
weight in prenatal clinics for screening low birth
weight at term.

Introduction

Low birth weight at term (237 weeks of gestation)
is diagnosed when the baby weighs less than 2.5Kg
at birth [1,2]. It affects 5 - 10% of babies born in

the global north [3], and slightly higher number in
the global south [4-6]. The causes are
multifactorial including prenatal undernutrition,
maternal race, and low socioeconomic
status [7-9]. There is a known black racial
predisposition to low birth weight in multiracial
communities [9]. However, inadequate maternal
nutrition is the hallmark of sub-Saharan
Africa [10]. In northern Uganda, over 60% of the
population eats less than three meals a day [11].
This may worsen the pregnancy outcomes
associated with nutritional problems [7].

Complications of low birth weight at term include
low APGAR score at five minutes of birth, neonatal
asphyxia, foetal distress, respiratory distress,
neurodevelopmental deficits, impaired renal
development, and neonatal death [12-15]. These
may require advanced paediatric care available at
tertiary level hospitals to manage neonates with
low birth weight. Knowledge of the predictors of
low birth weight may help prepare better to refer
these mothers to tertiary health centers. Despite
the widespread poverty and predominantly black
population in Northern Uganda, not all mothers
deliver low birth weight babies. Therefore, we set
out to develop and validate the risk prediction
models for low birth weight in Northern Uganda.

Methods

Study design and Study setting: this was a
prospective cohort study at St. Mary’s Hospital
Lacor. It is a private, not-for-profit hospital,
founded by the Catholic Church. It is located six
kilometers west of Gulu city along Juba Road in
Gulu district (Longitude 30 - 32 degrees East and
Latitude 02 - 04 degrees North). St. Mary’s
Hospital Lacor is one of the teaching hospitals of
Gulu University with a bed capacity of 482. It is
staffed by specialists, medical officers, midwives,
nurses, laboratory and radiology staff, as well as
support and administrative staff. The hospital
receives over nine thousand antenatal mothers
and conducts about seven thousand deliveries per
year [16].
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Study population: we recruited 1,000 pregnant
mothers 16 - 24 weeks from April 2019 to March
2020, gave them unique identifiers (study
numbers). Excluded all participants with lethal
congenital anomalies.

Sample size estimation: using Yamane 1967
formula [17] for calculating sample size for cohort
studies using finite population size, St. Mary’s
hospital Lacor delivers approximately seven
thousand mothers per year. Since my study
duration is 12 months for recruitment of the
mothers, the finite population | can access is about
7,000 mothers. Yamane 1967 formula: Sample
size:

. N
T 1T N(e)?
Where N is the finite population size= 7,000
mothers; margin of error (e)= 5%; therefore, n =
7,000/1+7,000(0.05)>, n = 379. The required
sample size was 379 mothers. We doubled the
number (to >758) to cater for loss to follow up,
preterm delivery and clients opting out of the
study during the follow-up period. We expected
over 50% loss to follow-up since rate of hospital
delivery in this region is low [18], and some people
may deliver from the free government hospitals
nearby.

Data collection: a questionnaire was filled with
the help of a midwife (research assistant), blood
samples taken for complete blood count, liver and
renal function tests, and uterine artery Doppler
sonography  done. The laboratory and
sonographers only used the study numbers to
identify the participants. The mothers were
followed up until September 2020 when the last
one was delivered. The delivery team had no
access to the questionnaire, laboratory and
ultrasound results.

Outcomes: birth weight of the baby <2.5Kg at 237
weeks was taken as low birth weight.

Definitions: from maternal history, grouping was
based on known classification e.g. level of
education in Uganda is grouped as primary,
secondary and tertiary education levels. Gravidity
was grouped as prime gravida for first
pregnancies, multigravida for 2-4 and grand
multigravida >4. Laboratory tests were grouped
according to the reference ranges given by the
laboratory while ultrasound pulsatility and
resistive indices were grouped using percentiles.
End diastolic notch of the uterine arteries was
either present or absent; if present it was either
unilateral or bilateral. The participants with
incomplete results were dropped from the final
analysis.

Statistical analysis: six hundred eighty-seven (687)
mothers delivered at term. Data were
pre-processed using Stata® 15.0 and built models
in RStudio (R version 4.1.1 (2021-08-10)). Used
proportions to compute incidence of low birth
weight at term. Univariable analysis was done, and
all variables with p-values <0.20 or were known
risk factors for low birth weight were included in a
logistic regression model. Built models for
prediction of low birth weight at term in RStudio.
The predictors with p-value <0.05 in the logistic
regression model were taken as independent risk
factors for low birth weight. Since there were few
low birth weight at term, we used all the
participants for the development of the models.
For the validation cohort, we generated synthetic
data using ROSE-package in RStudio by
over-sampling low birth weights and under-
sampling normal birth weights to balance the data.
We obtained 349 (51.2%) and 332 (48.8%) normal
and low birth weights respectively. We evaluated
(validated) the model performance against the
synthetic data using K (10) - fold cross-validation.
The original model was put into a confusion matrix
against the ROSE-derived data to calculate the
accuracy, sensitivity, and specificity of the model
in RStudio.

Ethical consideration: the study was approved by
Makerere University School of Medicine Research
and Ethics Committee (Reference number 2018-
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105), Uganda National Council for Science and
Technology (Reference number HS258ES), and
administrative clearance to conduct the research
at St. Mary’s Hospital Lacor was also obtained
(Reference number LHIREC Adm 009/11/18). The
participants were informed about the study during
the morning health education by the midwives
when they arrived in the hospital. Those who
satisfied the inclusion criteria were approached
and requested to join the study. Written informed
consent was sought from every participant in
either English or Acholi language.

Results

One thousand pregnant mothers were recruited.
Six hundred and eighty-seven (687) mothers
delivered at term. Three hundred and thirteen
(313) mothers were lost to follow-up or delivered
preterm, dropped and not used in the data
analysis. The prevalence of birth weight < 2.5Kg at
term was 5.7% (39 out of 687) (Figure 1).

General characteristics of the study population:
mean maternal age was about 26 years, with
majority being informally employed. Only one in
five of the mothers had a tertiary level of
education (Table 1). Average body mass index was
24.7Kg” while prevalence of prenatal hypertension
of 0.7%. About 7.1% had lateral placental location
and 10.2% had bilateral end diastolic notch [19]
(Table 2). Average maternal haemoglobin level
was 10.8g/dL with a haematocrit of 32.5%. Mean
serum alkaline phosphatase (ALP), GGT, aspartate
aminotransferase (AST) and ALT were 154.3IU,
21.71U, 20.2IU and 30.7IU respectively (Table 2).
The mothers were followed up for an average of
19.1 weeks over one and half years (April 3" 2019
to September 30" 2020)

Unadjusted estimates of the variables against low
birth weight: all continuous variables were
categorized using the laboratory reference ranges
and interquartile ranges for the participants. Both
ranges were analyzed and the best-fitted range for
the models was chosen by the researcher. All

variables with unadjusted p-value of <0.20 at
univariable analysis were taken for multivariable
level to build the models (Table 3, Table 4). A
model was chosen based on one with fewer
variables producing higher accuracy, sensitivity,
specificity and AUC.

Risk prediction models for low birth weight: six
risk prediction models were built from maternal
history and physical examination, obstetric
ultrasound parameters and uterine artery Doppler
indices, maternal laboratory lab tests and the
combinations of maternal history with either
laboratory tests or ultrasound parameters or all
the variables (Table 5, Table 6). In model 6,
(combination of all the variables) (details in
Table 6), the predictors of low birth weight were
gravidity, level of education, serum ALT, serum
GGT, lymphocyte count, placental location and
end-diastolic notch in the uterine arteries. Being a
prime gravida (aOR = 5.89, 95% Cl 1.42 -41.94,
p=0.032), having a laterally (one-sided) located
placenta (aOR = 3.42, 95% Cl 1.23 - 9.45, p=0.018)
and presence of end-diastolic notch (aOR = 2.59,
95% Cl 1.07 - 6.28, p=0.035) were independent risk
factors, while having a tertiary level of education
(aOR = 0.16, 95% CI 0.04 - 0.69, p=0.013), normal
lymphocyte count (aOR = 0.30, 95% Cl 0.10 - 0.91,
p=0.033) and serum ALT (aOR = 0.22, 95% CI 0.09 -
0.56, p=0.001) were protective against low birth
weight.

Evaluation of the performance of the models 1-6
for the prediction of low birth weight: the
models” performance was evaluated using K (10) -
fold cross validation against synthetic data derived
from the ROSE package in RStudio, and listed in
(Table 2). Model accuracies ranged from 59.3% -
76.1%, while AUC from 62.6% - 81.9%. In the
absence of ultrasound scan and laboratory tests,
model 1 can predict low birth weight with 62.3%
accuracy, 37.3% sensitivity, 88.3% specificity and
65.3% AUC.
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Discussion

We developed and validated risk prediction
models for low birth weight at term in Northern
Uganda from a prospective cohort study. From
maternal history, the predictors of low birth
weight were education level and gravidity. This
predicted low birth weight at term by 65.3% AUC,
62.3% accuracy, 88.3% specificity, and 37.3%
sensitivity. In Ethiopia, similar demographic
characteristics were used to predict low birth
weight. At a 26% false positive rate, they predicted
low birth weight with 83%, AUC with 82%
specificity and 71% sensitivity [20]. While in India,
Singh et al. [21] found the prediction model AUC
of 79% with 72% sensitivity and 56% specificity. In
the USA, maternal history predicted low birth
weight with 75.3% accuracy [22]. Considering the
uterine artery Doppler indices, the predictors of
low birth weight were placental location and
end-diastolic notch in the uterine arteries. This
predicted low birth weight at term by 62.6% AUC,
59.3% accuracy, 42.5% specificity, and 75.4%
sensitivity. In Denmark, uterine artery pulsatility
index predicted low birth weight with 74%
AUC [23], while in Saudi Arabia, placental
thickness of <2cm and diameter of <18cm
predicted low birth weight with 88.6% AUC [24].
This probably outline the differences in population
and techniques used in the data analysis. When
the maternal history is combined with uterine
artery Doppler indices, the predictors of low birth
weight were education level, gravidity, placental
location, and end-diastolic notch. This predicted
low birth weight at term by 71.6% AUC, 62.3%
accuracy, 64.8% specificity and 61.8% sensitivity.
In India, a combination of uterine artery Doppler
indices and maternal history predicted low birth
weight with 65.9% AUC, 45.4% sensitivity and
84.6% specificity [25].

While we found the predictors of low birth weight
to be serum GGT, serum ALT and lymphocyte
count to have predicted low birth weight at term
by 66.9% AUC, 59.3% accuracy, 35.8% specificity
and 81.7% sensitivity, there is limited data on the

prediction of low birth weight using maternal full
haemagram, liver and renal function tests. There is
no evidence that maternal blood levels of alpha-
fetoprotein (AFP), human chorionic gonadotropin
(hCG), or pregnancy-associated plasma protein A
(PAPP-A) used as a single predictor are useful to
predict low-birth-weight newborns [26]. When the
laboratory blood tests were combined with
maternal history, the predictors of low birth
weight were gravidity, level of education, serum
ALT, serum GGT and lymphocyte count. This
predicted low birth weight at term by 66.9% AUC,
66.7% accuracy, 59.6% specificity and 73.4%
sensitivity. The addition of blood glucose levels to
maternal history in Mexico predicted low birth
weight with 72% AUC [27]. After combining all the
variables from maternal history, laboratory tests,
and uterine artery Doppler indices, the predictors
of low birth weight were gravidity, level of
education, serum ALT, serum GGT, lymphocyte
count, placental location, and end-diastolic notch
in the uterine arteries. These predicted low birth
weight at term by 81.9% AUC, 76.1% accuracy,
72.9% specificity and 79.1%  sensitivity.
Considering the few predictors, this model can be
used for screening low birth weights in prenatal
clinics. This makes our model favorably compared
to the other models. This is a baseline study in
Northern Uganda. We hope it will open doors to a
wide range of research in sub-Saharan Africa.
There were many losses to follow-up or preterm
birth. This could have skewed the models in other
ways. Future research should be done in several
other locations for external validation of these
models to ensure generalizability.

Conclusion

In places with no laboratory tests and ultrasound
scan, the predictors of low birth weight from
maternal history alone are level of education and
number of pregnancies (gravidity). These
predicted low birth weight by 65.3% AUC with
62.3% accuracy.
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What is known about this topic

e Black women are more at risk of low birth
weight in multiracial communities;

e Malnutrition is a predictor of low birth
weight;

e [ow birth weight is known to be associated
with increased risks of early neonatal
death.

What this study adds

e Being a prime gravida, and having laterally
located placenta are risk factors for low
birth weight while tertiary level of
education is protective;

e The prevalence of low birth weight in Gulu
city, Northern Uganda is comparable to
those in multiracial communities.
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Table 1: social demographic characteristics of the mothers delivered at term
Characteristics (n=687) :\;jan (sD) or pl"’pm‘tlonslMedian (IQR)
Maternal age (years) 26.3 (5.4) 26 (22 - 30)
Age at menarche (years) 14.4 (1.5) 14 (14 - 15)
Parity 1.5 (1.5) 1(0-2)
Marital status (single) 11 (1.6)

Marital status (married/cohabiting) 676 (98.4)

Primary level of education 244 (35.5)

Secondary level of education 317 (46.1)

Tertiary level of education 126 (18.4)

Unemployed 214 (31.2)

Informal (non-salaried) employment 416 (60.5)

Formal (salaried) employment 57 (8.3)

Personal history of preeclampsia present 4 (0.6)

No personal history of preeclampsia 683 (99.4)

No history of miscarriage 557 (81.1)

History of miscarriage 130 (18.9)

No family history of preeclampsia 656 (95.5)

Family history of preeclampsia 31 (4.5)

No chronic illness 625 (91.0)

Presence of a chronic illness 62 (9.0)

Not living with a smoker 604 (87.9)

Living with a smoker in one house 83 (12.1)

No Alcohol use in pregnancy 642 (93.4)

Alcohol use in pregnancy 45 (6.6)
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Table 2: clinical and laboratory characteristics of mothers who delivered at term

Characteristics (n=687)

Mean (SD) or proportions (%)

Median (IQR)

Body mass index 24.7 (3.9) 23.9 (22.0-27.0)
Systolic blood pressure 105.8 (12.4) 104 (97 - 103)
Diastolic blood pressure 63.7 (10.4) 63 (57 -70)
Gestation age at recruitment (weeks) 20.4 (2.6) 20.3 (18.5-22.1)
Gestation age at delivery (weeks) 39.5(1.6) 39.6 (38.0 - 40.6)
Average duration for follow up (weeks) 19.1

No hypertension 682 (99.3)

Prenatal hypertension 5(0.7)

Multiple pregnancy 7 (1.0)

Singleton 680 (99.0)

Lateral placental location 49 (7.1)

Central placenta location 638 (92.9)

No end-diastolic notch 501 (72.9)

Unilateral end-diastolic notch 116 (16.9)

Bilateral end diastolic notch 70 (10.2)

Average pulsatility index 0.80 (0.29) 0.75 (0.61 - 0.95)
Average resistive index 0.51(0.11) 0.50 (0.44 - 0.58)
Serum ALT 30.7 (27.5) 25 (18 - 35)
Serum AST 20.2 (23.3) 14 (7 - 26)
Serum GGT 21.7 (8.6) 20 (15-29)
Serum ALP 154.3 (50.1) 149 (115 - 180)
Serum bicarbonate 35.2 (2.3) 25 (24 -27)
Serum albumin 4.1(3.0) 3.9(3.5-4.1)
Serum urea 25.6 (27.0) 18 (14 - 25)
Serum sodium 137.6 (4.0) 137.4 (135.2 - 139.4)
Serum potassium 4.2 (1.3) 4.2 (3.9-4.5)
Serum chloride 106.4 (4.3) 105.8 (103.6 - 108.9)
Serum phosphorus 1.3(0.8) 1.1(0.9-1.4)
Serum calcium 2.4 (1.1) 2.2(2.1-2.4)
Serum creatinine 1.0 (0.6) 0.9(0.8-1.2)
Neutrophil count 3.7 (2.2) 3.5(2.6-4.5)
Lymphocyte count 1.8 (0.9) 1.6(1.3-2.1)
Total white blood cell count 6.3 (3.0) 6.0 (4.9-7.6)
Platelet count 233.8 (69.4) 220 (179 - 267)
Haemoglobin level 10.8 (2.0) 10.9(9.5-12.1)
Haematocrit 32.5 (6.6) 32.8 (28.7 - 36.0)
Mean corpuscular volume 82.4 (7.8) 82.3(79.7-89.1)
Mean corpuscular haemoglobin concentration | 32.9 (2.6) 32.9(31.4-34.5)

ALT: Alanine transaminase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT: gamma

glutamyl transferase
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Table 3: unadjusted risk ratio of social demographic characteristics and low birth weight

Variable IRR (95% Cl) P-value
Age at menarche <15 (years) 1

Age at menarche >15 (years) 0.75 (0.34 - 1.66) 0.477
Prime gravida 4.82 (1.13 - 20.49) 0.033
Gravida 2-4 2.91 (0.69 - 12.19) 0.144
Gravida >4 1

Nullipara 2.71(1.04-7.12) 0.042
Paral-2 1.67 (0.63 - 4.45) 0.303
Para >2 1

Marital status (single) 1

Marital status (married / cohabiting) 0.65 (0.10 - 4.32) 0.657
Primary level of education 1

Secondary level of education 1.01 (0.54 - 1.90) 0.975
Tertiary level of education 0.48 (0.17 - 1.42) 0.186
Unemployed 1

Informal (non-salaried) employment 1.22 (0.61-2.41) 0.576
Formal (salaried) employment 1.37 (0.45-4.13) 0.582
No history of miscarriage 1

History of miscarriage 1.04 (0.49 - 2.20) 0.921
No chronic illness 1

Presence of a chronic illness 1.40 (0.57 - 3.44) 0.463
Not living with a smoker 1

Living with a smoker in one house 1.50 (0.69 - 3.27) 0.310
No alcohol use in pregnancy 1

Alcohol use in pregnancy 0.73 (0.18 - 2.94) 0.659
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Table 4: unadjusted risk ratio of clinical and laboratory characteristics with low birth weight

>34.4g/dL

\Variable IRR (95% Cl) P-value
Body mass index <25 Kg 1.

Body mass index 225 Kg 0.57 (0.29 - 1.11) 0.098
Normal diastolic blood pressure <90mmHg 1

Diastolic hypertension 290mmHg 2.15 (0.57 - 8.15) 0.260
Uterine artery Doppler indices

Lateral placental location 3.66 (1.85-7.23) 0.000
Central placenta location L

No end-diastolic notch 1

Unilateral end-diastolic notch 2.47 (1.25 - 4.87) 0.009
Bilateral end diastolic notch 2.73 (1.26 - 5.92) 0.011
IAverage pulsatility index <1.235 1

Average pulsatility index >1.235 2.00 (0.93 - 4.34) 0.078
IAverage resistive index <0.655 1

IAverage resistive index >0.655 2.00 (0.93 - 4.34) 0.078
Serum GGT <301U 3.07 (0.96 - 9.82) 0.059
Serum GGT >30I1U 1

Serum bicarbonate <24 mEq/L 1

Serum bicarbonate 24 - 27 mEq/L 1.98 (0.71 - 5.56) 0.194
Serum bicarbonate >27 mEq/L 2.39 (0.77 - 7.42) 0.133
Serum calcium <2.09mg/dL 1

Serum calcium 2.09 - 2.41mg/dL 1.66 (0.77 - 3.59) 0.199
Serum calcium >2.41mg/dL 0.89 (0.33-2.39) 0.810
Neutrophil count of < 2630 cells/pl 1

Neutrophil count of 2630 - 4540 cells/ul 0.66 (0.35-1.27) 0.214
Neutrophil count >4540 cells/ul 0.39 (0.15 - 0.97) 0.044
Lymphocyte count of 900 cells/ul 1

Lymphocyte count of 900 - 3900 cells/pl 0.38 (0.16 - 0.93) 0.033
Lymphocyte count >3900 cells/ul 2.17 (0.68 - 6.96) 0.192
Platelet count of <178 cells/pl 1

Platelet count of 178 - 266 cells/ul 1.02 (0.51 - 2.04) 0.951
Platelet count > 266 cells/pl 0.34 (0.11 - 1.06) 0.063
Mean corpuscular haemoglobin concentration 1

<31.5g/dL

Mean corpuscular haemoglobin concentration 31.5 -

34.4g/dL 0.60 (0.30 - 1.20) 0.150
Mean corpuscular haemoglobin concentration 0.80 (0.38 - 1.72) 0574

lsamma glutamyl transferase

ALT: Alanine transaminase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT:
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Table 5: model 1 - 4 for the prediction of low birth weight

\Variable OR (95% ClI) p-value
Model 1: maternal history and physical examination

Secondary education 0.92 (0.46 - 1.88) 0.819
Tertiary level education 0.31 (0.07 - 0.97) 0.070
Gravida2-4 3.30(0.93 - 21.02) 0.113
Prime gravida 5.58 (1.51 - 36.10) 0.025
Intercept 0.02 (0.003 - 0.07) 0.000
Model 2: obstetric ultrasound and uterine artery Doppler

indices

Lateral placental location 2.86 (1.10 - 6.95) 0.025
Unilateral end-diastolic notch 1.79 (0.75 - 4.00) 0.171
Bilateral end-diastolic 2.20 (0.82 - 5.26) 0.093
Intercept 0.04 (0.03 - 0.06) 0.000
Model 3: combination of maternal history, ultrasound and

uterine artery Doppler indices

Secondary education 0.97 (0.48 - 2.00) 0.931
Tertiary level education 0.23 (0.05-0.75) 0.028
Gravida2-4 3.56 (0.99 - 22.87) 0.095
Prime gravida 4.97 (1.32 -32.53) 0.039
Lateral placental location 3.29 (1.20 - 8.35) 0.015
Unilateral end-diastolic notch 1.98 (0.83 - 4.46) 0.101
Bilateral end-diastolic 2.01 (0.73 - 4.88) 0.141
Intercept 0.01 (0.002 - 0.05) 0.000
Model 4: maternal laboratory tests

Serum GGT of 0.0 -30.0 IU 2.91 (1.01-12.27) 0.082
Lymphocyte count of 900 - 3900 cells/ul (normal) 0.30(0.12-0.95) 0.024
Lymphocyte count > 3900 cells/ul (high) 2.28 (0.46 - 10.88) 0.295
Serum ALT of 12-49 IU 0.33 (0.15-0.84) 0.013
Serum ALT <12 IU 0.60 (0.17 - 1.98) 0.408
Intercept 0.16 (0.03 - 0.71) 0.026

lgamma glutamyl transferase

IALT: Alanine transaminase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT:

Silvia Awor et al. PAMJ-CM - 10(28). 08 Nov 2022. - Page numbers not for citation purposes.

176

13



Article §

15 PAMJ

Clinical Medicine

ITabIe 6: model 5 - 6 for the prediction of low birth weight

Model 5: maternal history and laboratory tests

Secondary education 0.91 (0.44 - 1.92) 0.798
Tertiary level education 0.26 (0.06 - 0.86) 0.045
Gravida 2 - 4 3.34 (0.90 - 21.87) 0.119
Prime gravida 6.35 (1.63 - 42.51) 0.020
Serum GGT of 0.0 - 30.0 IU 3.22 (1.11-13.74) 0.059
Lymphocyte count of 900 - 3900 cells/ul (normal) 0.37 (0.14-1.21) 0.070
Lymphocyte count > 3900 cells/ul (high) 3.59 (0.67 - 19.04) 0.128
Serum ALT of 12 - 49 IU 0.31(0.13 - 0.80) 0.010
Serum ALT <12 IU 0.60 (0.16 - 2.06) 0.427
Intercept 0.04 (0.004 - 0.32) 0.005
Model 6: combination of maternal history, laboratory

tests, ultrasound and uterine artery Doppler indices

Gravida 2 - 4 3.91 (0.99 - 27.09) 0.091
Prime gravida 5.89 (1.42 -41.94) 0.032
Secondary education 1.06 (0.51-2.29) 0.876
Tertiary level education 0.16 (0.03 - 0.60) 0.013
Serum GGT of 0.0 - 30.0 IU 3.25(1.11 - 13.96) 0.059
Lymphocyte count of 900 - 3900 cells/pl (normal) 0.30 (0.11 - 1.00) 0.033
Lymphocyte count > 3900 cells/ul (high) 2.40 (0.43 - 13.22) 0.310
Serum ALT of 12 - 49 IU 0.22 (0.09 - 0.58) 0.001
Serum ALT <12 IU 0.45 (0.12 - 1.59) 0.224
Lateral placental location 3.42 (1.18-9.19) 0.018
Unilateral end-diastolic notch 2.59 (1.03 - 6.18) 0.035
Bilateral end-diastolic 2.58 (0.91 - 6.60) 0.057
Intercept 0.04 (0.003 - 0.31) 0.005
ALT: Alanine transaminase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT:
samma glutamyl transferase

Table 7: model performance evaluation using K-fold cross-validation

Model Accuracy (%) Sensitivity (%) [Specificity (%) |AUC (%)

IModeI 1 (history and physical exam) 62.3 37.3 88.3 65.3

|Model 2 (uterine artery Doppler indices) [59.3 75.4 42.5 62.6

|Model 3 (combination of model 1 and 2) [62.3 61.8 64.8 71.6

Model 4 (maternal blood tests) 59.3 81.7 35.8 66.9

Model 5 (combination of model 1 and 4) |66.7 73.4 59.6 66.9

Model 6 (combination of models 3 and 4)[76.1 79.1 72.9 81.9
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Consented and recruited N=1,000

Follow up

v

n=687 Delivered at term ‘

l

Lost to follow-up n= 220

Delivered preterm n=91

Incomplete results n=2

Low birth weight
at term n=39

Normal Weight
n=648

:

.

313 mothers Dropped and not used in data analysis

Figure 1: participant flow through the study
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COLLEGE OF HEALTH SCIENCES
SCHOOL OF MEDICINE

RESEARCH ETHICS COMMITTEE

December 17, 2018

The Director
Directorate of Research and Graduate Training
Makerere University

Dear Sir,

RE: Approval of Dr. Silvia Awor’s proposal

The Higher Degrees Research Ethics committee during its 102 meeting held on 28 June 2018
considered the proposal of Dr. Silvia Awor —Department of Obstetrics and Gynecology entitled
“Using ultrasonography and fnaternal characteristics to predict preeclampsia and adverse
pregnancy outcomes at St. Mary’s Hospital, Lacor”\

The proposal was reviewed and some amendments suggested for incorporation, in order to
improve on the science and ethics of the study. She has revised the proposal to the satisfaction of
the committee. "y '

Approved supetvisors

1. Assoc. Prof. Daniel Kabonge Kaye -Supervisor, Department of Obstetrics and
Gynecology, School of Medicine, Makerere University College of Health Sciences.

2. Dt. Annet Nakimuli-Supervisor, Head of Departmént, Obstetrics and Gynecology, School
of Medicine Research and Ethics Committee, Makerere University College of Health
Sciences

3. Prof. Jasper Ogwal-Okeng- Supervisor, Principal, Gulu University.

Approved Doctoral Committee
1. Assoc. Prof. Daniel Kabonge Kaye —Supervisor, Department of Obstetrics and
Gynecology, School of Medicine, Makerere University College of Health Sciences.

2. Dr. Annet Nakimuli-Supervisor, Head of Department, Obstetrics and Gynecology, School
of Medicine Research and Ethics Committee, Makerere University College of Health
Sciences

3. Prof. Jasper Ogwal-Okeng- Supervisor, Principal, Gulu University.

Assoc. Prof. Paul Kiondo- Assoc. Prof. of Obstetrics and Gynecology- School of
Medicine Research and Ethics Committee, Maketere University College of Health Sciences
5. Prof. Christopher Garimoi  Orach-Member- School of Public  Health, Makerere

University College of Health Sciences.

179



6. DrRosematy Byanyima -Member ,Senior consultant, Radiologist and Clinical Head of
Diagnostics at Mulago National Referral hospital

On behalf of the committee, I do confirm that she has gone through all the required formalities.

You may now consider her for full registration.

Yours sincerely,

-

Assoc. Prof. Ponsiano Ocama
Chaitperson School of Medicine Research Ethics Committee/Higher Degrees Committee

Cc Deputy Principal College of Health Sciences
Academic Registrar College of Health Sciences
Supervisors
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P.O. Box 180, GULU - UGANDA
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®
.. & Tel: +256 - 471-432310, Fax: +256 - 471-432665

- Email: info@lacorhospital.org Website: lacorhospital.org

18™ February 2019
To

Dr. Sylvia Awor
Makerere University

P.O Box 7072 Kampala

Re: LHIREC Adm. 009/11/18. Study Title: “Using Ultrasonography and Maternal
Characteristics to predict pre-eclampsia and adverse pregnancy outcomes at Gulu
Regional Referral Hospital”

Lacor Hospital Institutional Research and Ethics Committee (LHIREC) has reviewed the study
referenced above and noted that it was granted an ethical approval by Makerere University
School of Medicine Research Ethics Committee. LHIREC therefore grants an Administrative
clearance for the study to be conducted in St. Mary’s Hospital Lacor.

Please note that your study Protocol number with LHIREC is 009/11/18, always reference it in
any correspondence with LHIREC. If it is necessary to continue with the research beyond the
expiry date, a request for continuation should only be made in writing to the Secretary Makerere
University School of Medicine Research Ethics Committee and a copy to LHIREC

ST. MARY'S HOSPITAL LACOR
P. O. Box 180, Gulu - Uganda

wDate: \ S;( \o ‘L\"v{i\g

Institutional Research and Ethics Commiittee

Logistic Office Kampala: Tel. +256- 414 -223014, Fax: +256 - 414 - 223013
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[ ] Continuing review
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[ 1SAEs
Dear Dr. Awor,

Re: REC REF 2018-105
Title: “Using Ultrasonography and maternal characteristics to predict pre-eclampsia and
adverse Pregnancy outcomes at St. Mary’s Hospital Lacor”

Your proposal entitled “Using Ultrasonography and maternal characteristics to predict pre-
eclampsia and advetse Pregnancy outcomes at St. Mary’s Hospital Lacor” was initially reviewed
and approved by the School of Medicine Research and Ethics committee on November 16", 2018

On December 13™, 2018, you requested for permission to make some modifications in the study: to
change the study site from Gulu Regional Referral hospital to St. Mary’s Hospital Lacor, to rephrase
the consent form in a way that reflects the researcher being the one talking to the participant, to clarify
reference No.41, addressed formatting issues, this is because Gulu National referral hospital laboratory
equipment ate down, the CBC, RFT, and LFT ate not done, the Ultra Sound Machine is unable to
provide the Doppler readings.

The committee considered these changes on 18" December 2018. On behalf of the committee, I am
glad to inform you that these changes have been approved. You may now proceed with the study. But
forwatd regular reports on your study to the committee.

s sincerely MAKERERE UNIVERSITY
el SCHOOL OF MEDICINE

\/ APPROVED
4 n ) 40
Assoc. Prof. Ponsiano Ocama * 1Y DeC 20018 K

Chairman School of Medicine &ﬁhﬁgﬁ ]E?lfm&g @@mxﬁ%e
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Waanda National Council for Srcience and Technology
(Established by Act of Parliament of the Republic of Uganda)

Our Ref: HS258ES 24™ June 2019

Dr. Sylvia Awor
Principal Investigator
Gulu University
Gulu

Dear Dr. Awor,

I am pleased to inform you that on 24/06/2019, the Uganda National Council for Science and
Technology (UNCST) approved your study titled, Using Ultrasonography and Maternal
Characteristics to Predict Preeclampsia and Adverse Pregnancy Outcomes at St.
Mary's Hospital Lacor. The Approval is valid for the period of 24/06/2019 to 24/06/2021.

Your study reference number is HS258ES. Please, cite this number in all your future
correspondences with UNCST in respect of the above study.

Please, note that as Principal Investigator, you are responsible for:

1. Keeping all co-investigators informed about the status of the study.

2. Submitting any changes, amendments, and addenda to the study protocol or the consent
form, where applicable, to the designated local Research Ethics Committee (REC) or Lead
Agency, where applicable, for re-review and approval prior to the activation of the
changes.

3. Notifying UNCST about the REC or lead agency approved changes, where applicable,
within five working days.

4. For clinical trials, reporting all serious adverse events promptly to the designated local
REC for review with copies to the National Drug Authority.

5. Promptly reporting any unanticipated problems involving risks to study
subjects/participants to the UNCST.

6. Providing any new information which could change the risk/benefit ratio of the study to the
UNCST for final registration and clearance.

7. Submitting annual progress reports electronically to UNCST. Failure to do so may result in
termination of the research project.

Please, note that this approval includes all study related tools submitted as part of the
application.

Yours sincerely,

&g

Hellen Opolot

For: Executive Secretary

UGANDA NATIONAL COUNCIL FOR SCIENCE AND TECHNOLOGY

LOCATION/CORRESPONDENCE COMMUNICATION
Plot 6 Kimera Road, Ntinda TEL: (256) 414 705500
P. 0. Box 6884 ) FAX: (256) 414-234579
KAMPALA, UGANDA EMAIL: info@uncst.go.ug

WEBSITE: http://www.uncst.go.ug
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UNIVERSITY

Phone: +256-414-534361
e-mail: obsgyn@med.mak.ac.ug

DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY

December 06, 2023 The Deputy

Principal
College of Health Sciences Makerere University

Dear Sir

Ref: Using ultrasonography, laboratory blood tests and maternal characteristics to predict
pre-eclampsia and adverse pregnancy outcomes at st. Mary’s Hospital Lacor, Northern
Uganda

I have reviewed the corrections made on the dissertation by Dr. Sylvia Awori. She has made the
corrections as recommended by the examiners; Associate Professor Joseph Ngonzi
(External examiner) from Mbarara University of Science and Technology, Dr Gonzaga Roy
Mubuke (Internal examiner) from Makerere University School Medicine, Dr Sam Ononge
(Internal examiner) from Makerere University School of medicine and Prof. Geofrey Bugasa
Buga (Opponent), Department of Gynaecology and Obstetrics, Walter Sisulu University,

South Africa

She may proceed and submit his dissertation to your office

Yours Sincerely

W .

Dr. Sam Ononge PhD
Senior Lecturer (Obs/Gyn)

CC. Director, Directorate of Graduate Training and Research Dean,
School of Medicine
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The Dean, School of Medicine
Makerere University College of Health Sciences invites you to a scheduled

PUBLIC PhD DEFENSE

PhD CANDIDATE

DR. SILVIA AWOR
THURS, 30™ NOVEMBER, 2023 | TIME: 09:00 **

VENUE: MakCHS, Conference Room

Thesis Title:

Using ultrasonography, laboratory blood tests and
maternal characteristics to predict Pre-eclampsia and

Y| adverse pregnhancy outcomes at St. Mary's Hospital
Lacor, Northern Uganda

JOIN US | Zoom link: https://shorturl.at/kySX8

|_|\/E Meeting ID: 941 2354 2945
'| Passcode: 339013

D Scan QR to join Defense

SUPERVISORS:
1. Prof. Dan Kaye - School of Medicine, MakCHS OPPONENT:

2. Prof. Jasper Ogwal-Okeng - Vice Chancellor, Lira

Prof. Geoffrey Bugasi Buga - Walter Sisulu University

. , South Africa
University
3. Prof. Annettee Olivia Nakimuli - School of Medicine, EXTERNAL EXAMINER:
MakCHS Dr. Joseph Ngonzi - Department of Obstetrics &
3 Ity of icine, i ity of
INTERNAL EXAMINERS: Gynecology, Faculty of Medicine, Mbarara University of

Science and Technology

1. Dr. Aloysius Gonzaga Mubuuke - Senior Lecturer,
College of Health Sciences, MakCHS DEFENSE CHAIR:

2. Dr. Sam Ononge - Senior Lecturer, College of Health ~ D€an, School of Medicine, MakCHS
Sciences, MakCHS

come Virtual & Physical et
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