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Abstract  

Introduction: A small newborn can be the result of either a low birthweight (LBW), 
or a preterm birth (PB), or both. LBW can be due to either a preterm appropriate-for 
gestational-age (preterm-AGA), or a term small-for-gestational age (term-SGA) or 
intrauterine growth restriction (IUGR). An IUGR is a limited in-utero foetal growth 
rates or foetal weight < 10th percentile. Small newborns have an increased risk of 
dying, particularly in low-resource settings. We set out to assess the burden, the 
modifiable risk factors and health outcomes of small newborns in the post-conflict 
Northern Ugandan district of Lira. In addition, we studied the use of video-debriefing 
when training health staff in Helping Babies Breathe.  

Subjects and methods: In 2018-19, we conducted a community-based cohort study on 
1556 mother-infant dyads, nested within a cluster randomized trial. In our cohort 
study, we estimated the incidence and risk factors for LBW and PB and the 
association of LBW with severe outcomes. We explored the prevalence of and factors 
associated with neonatal hypoglycaemia, as well as any association between neonatal 
death and hypoglycaemia. In addition, we conducted a cluster randomized trial to 
compare Helping Babies Breathe (HBB) training in combination with video 
debriefing to the traditional HBB training alone on the attainment and retention of 
health worker neonatal resuscitation competency. 

Results: The incidence of LBW and PB in our cohort was lower than the global 
estimates, 7.3% and 5.0%, respectively. Intermittent preventive treatment for malaria 
was associated with a reduced risk of LBW. HIV infection was associated with an 
increased risk of both LBW and PB, while maternal formal education (schooling) of 
≥7 years was associated with a reduced risk of LBW and PB.  

The proportions of neonatal deaths were many-folds higher among LBW infants 
compared to their non-LBW counterparts. The proportion of neonatal deaths among 
LBW was 103/1000 live births compared to 5/1000 among the non-LBW.  

The prevalence of neonatal hypoglycaemia in our cohort was 2.5%. LBW and PB 
each independently were associated with an increased risk of neonatal 
hypoglycaemia. Neonatal hypoglycaemia was associated with an increased risk of 
hospitalisation and severe outcomes. 

We demonstrated that neonatal resuscitation training with video debriefing, improved 
competence attainment and retention among health workers, compared to traditional 
HBB training alone.  

Conclusion: In northern Uganda, small infants still have a many-fold higher risk of 
dying compared to normal infants. In addition, small infants are also at more risk of 
neonatal hypoglycaemia compared to normal infants. Efforts are needed to secure 
essential newborn care, should we reach the target of Sustainable Development Goal 
number 3.2 of reducing infant mortality to less than 12/1000 live births by 2030. 
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Introduction 

This chapter defines concepts related to small newborns during the neonatal period. 

In addition, we review literature on the global, regional and national burden, known 

risk factors and low-cost interventions for improved outcomes of small newborns.  

1.1 The neonatal period is a time of vulnerability 

In the human life cycle, the early childhood (under-five or U5) period is the time of 

most risk, with the foetal and neonatal period, in turn, being its most vulnerable 

phase.1,2 Small newborns are even more vulnerable than their normal birthweight 

counterparts.2,3 Small newborns may be the result of a baby with either low 

birthweight (LBW) or a preterm birth (PB), or a combination of the two.3 Every year, 

close to 44% of the world’s under-five deaths occur in the neonatal period, with sub-

Saharan Africa and South-east Asia contributing the largest share of this burden, 

compared to the rest of the world.4 By 2016, LBW and PB were among the top five 

leading causes of neonatal mortality and post-neonatal morbidity worldwide, and 

these small newborns, therefore, need special attention.3,5,6 

1.1.1 Low birthweight 

Low birthweight is defined as weight <2.5 kg at birth.7 It can be due to either a 

preterm birth that may be appropriate for gestational age (AGA), or a term birth that 

is too small for the corresponding gestational age (Figure 1) or foetal growth 

restriction (FGR or intrauterine growth restriction,  IUGR).8 Small for gestational age 

(SGA) is defined as a birthweight <10th percentile for gestational age.8 SGA may be 

further categorized into term-small for gestational age (term-SGA), or preterm-small 

for gestational age (preterm-SGA). An intrauterine growth restriction (IUGR) is 

defined as limited in-utero foetal growth rates or foetal weight < 10th percentile.8 

1.1.2 Preterm births 

Preterm birth is defined by the World Health Organization (WHO) as any birth before 

37 completed weeks of gestation, or fewer than 259 days since the first day of a 

woman’s last menstrual period (LMP), or any birth between 23 and 37 completed 
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weeks of gestation to a live infant weighing >500g to ≤2.5kg.7 It is categorized by 

gestational age as extremely preterm (24 to <28 weeks), very preterm (28 to <32 

weeks), and moderately preterm (32 to <37 weeks).7 Figure 1 summarises the 

definitions of LBW and its constituent PB and SGA by gestational age. 

 

Figure 1. Definitions by weeks of gestation and birthweight 
of different categories of small newborns.  
 LBW low birthweight, VLBW very low birthweight, ELBW extremely low 
birthweight.  (Adapted from Yehudamalul, 
https://commons.wikimedia.org/w/index.php?curid=8980869)  

1.2 Causes of low birthweight and preterm birth  

Fetal growth restriction, also known as intrauterine growth restriction (IUGR), is a 

common complication of pregnancy that has been associated with a variety of adverse 
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perinatal outcomes.8 There is a lack of consensus regarding terminology, aetiology, 

and diagnostic criteria for fetal growth restriction, with uncertainty surrounding the 

optimal management and timing of delivery for the growth-restricted foetus.8 An 

additional challenge is the difficulty in differentiating between the foetus that is 

constitutionally small and fulfilling its growth potential and the small foetus that is 

not fulfilling its growth potential because of an underlying pathologic condition.8 

IUGR is a common pathway to small birth size (LBW and PB) with a variety of 

maternal, placental and foetal causes summarized in Box 1.8 

 

Box 1. Aetiology of Fetal Growth Restriction 

 Maternal medical and environmental conditions 

o Pre-gestational diabetes mellitus 
o Renal insufficiency 
o Autoimmune disease (e.g., systemic lupus erythematosus) 
o Cyanotic cardiac disease 
o Pregnancy-related hypertensive diseases of pregnancy (e.g., 

chronic hypertension, gestational hypertension, or preeclampsia) 
o Antiphospholipid antibody syndrome 
o Substance use and abuse (e.g., tobacco, alcohol, cocaine, or 

narcotics) 
o Teratogen exposure (e.g., cyclophosphamide, valproic acid, or 

antithrombotic drugs) 
o Infectious diseases (e.g., malaria, cytomegalovirus, rubella, 

toxoplasmosis, or syphilis) 

 Foetal factors 

o Genetic and structural disorders (e.g., trisomy 13, trisomy 18, 
congenital heart disease, or gastroschisis) 

o Multiple foetuses 

 Placental disorders and umbilical cord abnormalities 

Adapted and modified from ACOG Practice guidelines on foetal 
growth restriction 20218 

The diagnosis of foetal growth restriction requires a specialised obstetrician and 

Doppler ultrasound for accurate serial uterine artery velocitometry and foetal 

biometrics measurements.8 In a resource-limited community settings with little to no 
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access to ultrasound diagnostic tools during pregnancy, identification of IUGR and 

SGA is challenging. Infants with either conditions are, however, at risk of the same 

complications of meconium aspiration, asphyxia, hypoglycaemia and hypothermia.8 

Due to the diagnostic challenges for IUGR and SGA in low resource settings rural 

northern Ugandan district of Lira, the scope of this thesis was limited to low 

birthweight and preterm birth. 

From LMICs a number of additional maternal, foetal and placental factors have been 

associated to LBW and/or PB (small birth size).9 Maternal factors that have been 

associated with low birthweight and preterm birth include maternal age, socio-

economic, maternal ill-health, and excessive physical activities.9 The age of the 

mother, either young (teenage 12-16 years) or old (≥35 years) has been linked to 

increased risk of small birth size.9 Low maternal socio-economic and education status 

has been associated with small birth size.9 Furthermore, maternal ill-health during 

pregnancy such as malaria and HIV infection, low body mass index (BMI) or low 

gestational weight gain, have also been associated with small birth size.9 A history of 

having given birth previously to a small infant has been linked to LBW and/or PB 

recurrence in subsequent pregnancies.9 Whereas some studies report increased risk of 

small birth size among women who do excessive physical work, a 2013 meta-analysis 

found little to no effect of the same on small birth sizes.10 

Malaria and small newborns 

Malaria in pregnancy is a known risk for adverse pregnancy and birth outcomes, 

including small newborns and neonatal death. The sequestration of infected red blood 

cells in the placenta, leads to a cascade of host responses which may lead to placental 

inflammation, abnormal development, and compromised nutrient transport to the 

growing foetus (Figure 2).11 
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Figure 2. Mechanisms of LBW and PB in malaria in pregnancy 
Adopted from Chua CLL et al 2021. 

Placental diseases and intrauterine growth restrictions 

Several mechanisms by which maternal hypertension, pre-eclampsia, and other 

placental diseases causing IUGR have been described, in Table 1. 
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Table 1: Placental diseases and mechanisms of intrauterine growth 
restriction. 

Disorders   Mechanisms   Diagnosis  

Pre‐eclampsia, hypertension12  Not fully understood, but placental 
ischaemia triggers a cascade of events 
leading to the release of 
antiangiogenic factors into the 
maternal circulation, with resultant 
maternal endothelial dysfunction, 
multi‐organ failure and placental 
insufficiency 

Severe hypertension, end 
organ dysfunctions 
(coagulopathy, proteinuria) 
Clinical, Doppler ultrasound 
scan, histopathology, 
biomarkkers13,14 

Placenta praevia (placental 
implantation near or over the 
cervical os)15 

Insufficient placental perfusion from 
less uterine blood flow to the lower 
segment than the fundus 
Antepartum haemorrhage – foetal 
hypoperfusion 

Late gestational ultrasound 
scan to detect persistence 
and or resolution 

Abruption (placental 
separation after 20 weeks of 
gestation and before 
delivery)16 

Unclear, however, utero‐placental 
perfusion insufficiency, infarction and 
infections 

 

1.3 The global burden of LBW and PB  

1.3.1 Global, regional and national estimates of LBW 

Of the 140 million infants born worldwide in 2014, an estimated 20 million (14%) 

were born with low birthweight (<2.5 kg).17 Ninety percent (18/20 million) of LBW 

infants were born in low- and middle-income countries (LMICs).17 In sub-Saharan 

Africa, LBW prevalence varied from 7.0% to 18.0%, with the highest prevalence 

observed in malaria-infested areas in Tanzania.18 According to the Uganda Bureau of 

Statistics (UBoS) 2011, 10.4% of all live-born infants nationwide and 11.4% in the 

northern part of the country were LBW.19 The global estimates for LBW and its 

subtypes are summarized in Table 2. 
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Table 2. The estimated global LBW rates and subtype constituents. 

 
Low birth weight globally  Global estimates   Percent 

LBW overall20  20 million   (100%) 

LBW‐Term‐SGA  11.8 million   (59%) 

LBW‐Preterm‐S/AGA 21  8.2 million   (41%) 

LBW low birthweight, N (%) number (percentage), S/AGA small/appropriate for gestational 
age 

1.3.2 Global, regional, and national estimates of PB 

In 2010, an estimated 15 (11.1%) million preterm infants were born worldwide.22 The 

global PB estimates ranges from 5% in Europe to 18% in some sub-Saharan African 

countries.22 Sub-Saharan Africa and South Asia contribute 52–60% of the global PB 

burden.22 In Uganda, reports of the proportion of PBs range from 4.1% to 15%,22,23 In 

communities of post-conflict northern Uganda, however, its true burden is unknown. 

1.4 Gaps in LBW and PB estimates 

The global estimates of the burden of small newborns (LBW and PB) for low-income 

countries including Uganda, are unreliable, as they depend on very low-quality health 

facility data and non-existent vital data registries.24 Estimates based on statistical 

modelling using limited five-yearly demographic and health surveys (DHS) and 

facility-based studies, are assumption-dependent and may not be representative of the 

population.22,24,25 In addition, most reports rely on maternal recall of birthweight and 

birth size during the five years preceding DHS interviews.19 This is so even when 

<58% of infants are weighed at birth, and >40% are home births without access to 

weighing scales.20 We therefore argue that, it is insufficient to rely on five-yearly 

DHS by most high burden countries to estimate the burden of small newborns. This 

health data gap makes it difficult to interpret the global, regional, and national burden 

of small newborns and to plan interventions and track progress; hence the need for 

more research in our setting. 
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Furthermore, WHO recommends countries to report all live births and foetal losses 

from 22 weeks of gestation, but the legal requirements and actual practice at the 

country level differ from the recommendations.24 In Uganda, the minimum 

gestational age for perceived foetal viability is 28 weeks (personal experience and 

observation in-hospital/health facility).24,25 Any infant born before this is deemed an 

abortus because they rarely survive postnatally in absence of neonatal intensive care. 

This is also true for other low-resource settings, where infants born before 28 weeks 

of gestation are less likely to survive beyond the hospital settings.26 All these 

decrease the reliability of the reported estimates of LBW and PB. 

Care, survival, and numeration of the world’s most vulnerable citizens (the small 

newborns) is vital for the national development of a nation. It provides a sensitive test 

for health systems’ responsiveness as well as an accountability for world leaders.27 

The WHO Every Newborn Action Plan (ENAP) emphasised counting all birth 

outcomes, including low birthweight, preterm births, neonatal death and stillbirths.27 

We also need to focus more attention on the leading causes of neonatal death around 

the time of birth, targeting small newborns in particular. This is because a healthy 

start in life is the cornerstone for human capital development and economic 

progress.28 To achieve the post-2015 MDG era of grand convergence of health and 

human potential within a generation, there is need to improve birth outcomes 

(reduced LBW and PB).29 This is because birth size (being a small newborn) 

determines short-term progress in reducing stillbirths, neonatal and child deaths.29 It 

also determines long-term progress, including decreasing non-communicable diseases 

(NCDs) in adulthood.29 Bridging this data gap may help nations to have an up-to-date 

context-based information on the status of small newborns for planning and 

interventions to improve outcomes. Thus, there is a need to count the proportion of, 

and factors associated with small newborns and subsequent effects of small newborns 

on neonatal adverse outcomes such as death, hospitalisation and hypoglycaemia in 

post-conflict northern Uganda.  
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1.5 Estimating gestational age for preterm birth 
identification 

Several methods have been studied and used to estimate gestational age (GA).24 

During pregnancy, the ultrasound scan between 12-18 weeks of gestation is the gold 

standard and the preferred method. In high income countries, the best obstetrics 

method using an algorithm-based approach to pregnancy dating by ultrasound and 

last menstrual period is used.24 In resource- limited settings where access to 

ultrasound during pregnancy is limited, several methods are used to estimate the 

gestational age of the infant after birth. These methods include the, last menstrual 

period and newborn examination using for instance the Dubowitz’ and the New 

Ballard scoring (NBS) systems. Some of these methods is discussed in the next 

section.  

1.5.1 The ultrasound method 

The ultrasound (US) scan before 16 weeks of gestation (WoG) is the gold standard 

for gestational age estimation.30 Later in pregnancy (14-34 WoG), the 

INTERGROWTH21 Research group reported good validity and reliability in 

gestational age determination of using head circumference alone, or in combination 

with foetal length.31 They also recommend that for third trimester ultrasound scan, a 

follow-up ultrasound in two or three weeks for fetal growth velocity to confirm 

accurate GA, is required.31 Foetal biometrics in later trimesters may predict 

gestational age up to 98% with some imprecision of up to 5.1 – 16.5 days and 7.1 – 

23 days, around the mean GA at 14 – 34 and 34 – 36 weeks, respectively.31 

Ultrasound is still not universally used as it requires expensive equipment and 

expertise – which is often lacking in resource-limited settings and non-existent in 

post-conflict lower health facilities in the rural Northern Uganda (field observation). 

1.5.2 Dubowitz’ method  

Postnatal gestational age estimation is done when no ultrasound is available. The 

Dubowitz’ scoring method for gestational age estimation assesses the infant and uses 

10 neurological criteria and 11 external/skin criteria.32 The total score of both is then 

converted to GA in weeks.32 This method has been found to overestimate GA by 2.57 
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weeks compared to the ultrasound method (gold standard).33 Each of the components 

(neurologic, external/skin criteria and total scores) had a high correlation of between 

0.90 – 0.97, with gestational age by last menstrual period (LMP) among mothers with 

reliable dates.32,34 This method is problematic in settings where very few women 

know or remember their LMP dates, and the long list of features used in scoring 

makes it difficult for administration in community settings.  

1.5.3 The New Ballard Scoring systems  

The New Ballard Scoring system (NBS) reliably assesses foetal maturity up to 94% 

at birth, and 92% by 7 days of life.35 The respective inter-rater agreement (reliability) 

at 12 and 96 hours for infants born from 26 weeks of gestation are 0.97 and 0.92 

(excellent).35 It is also reported to have a good individual NBS components 

correlation with individual GA dates, by ultrasound ranging between 0.72 – 0.87.35 

The intra-rater agreement (validity) of the NBS at 12 and 96 hours were 97% and 

92%, respectively. Compared to the gold standard, the respective intra-cluster 

correlation for intra-rater agreement (validity) on days 1, 5, and 7 were 0.94, 0.94 and 

0.92.36 It is, therefore, suitable for GA determination in infants, whose mothers do not 

have access to gestational age assessment by ultrasound, or with unreliable last 

menstrual period (LMP) dating.33,37,38 

The NBS consists of five neuromuscular and six physical maturity criteria, with each 

component score ranging from -1 to 5, except for physical maturity features for 

posture and arm recoil (Figure 3). Each section has a total score of 25. The sum of 

neuromuscular and physical maturity scores (maturity rating total scores or MRTS) 

range from -10 to 50, corresponding to GA by maturity, rating 20-44 weeks.  
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Figure 3. The New Ballard Score Sheet.  
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1.6 Outcomes of small newborns (LBW and PB) 

Small newborns (LBW and PB) are at increased risk for short- and long-term health 

problems.39 In the short-term, they may be at risk of neonatal death, hospitalisation, 

hypoglycaemia, birth asphyxia and respiratory distress syndrome (RDS), feeding 

difficulties, and infections.39 Small newborns are also at risk of postnatal growth 

failure or stunting.40 They may develop long-term complications such as 

neurodevelopmental, visual and hearing impairments, non-communicable diseases 

(NCDs) including asthma, diabetes mellitus and hypertension.39 Most of these reports 

from high-income countries are for very low birthweight and/or extremely preterm 

infants; while there is little data on moderately LBW and PB infants in resource-

limited settings including post-conflict northern Uganda. Small newborns may 

therefore be at increased risk of both short-term neonatal and long-term post neonatal 

growth and health related challenges.  

1.6.1 When, where and why do newborns die?  

When do newborns die? 

According to the World Health Organization, a neonatal death is death of a live-born 

infant before or on 28 completed days of life.7 Neonatal mortality is the number of 

neonatal deaths per 1000 live births. About 75% of the neonatal deaths happen in the 

first week of life, with the main causes of death in LMICs including Uganda, being 

small size (low birthweight or preterm birth) and/or having birth asphyxia.41 There 

were, however, no studies reporting on this in post-conflict northern Uganda prior to 

our study inception.  

Newborns in four worlds (where do newborns die?) 

The WHO Every Newborn Action Plan (ENAP) advocacy group reiterates that every 

newborn, born in any setting and condition, have equal rights to access equitable 

health care because, all human lives are equal and matter.27 Whereas all newborns 

have equal rights at birth, they are born into four different worlds, that is, in high-

income countries (HICs), in middle-income countries (MICs), in low-income 



Small newborns in post‐conflict northern Uganda 

13 

countries (LICs) in health facilities, and in LICs at home (the unknown world).42 The 

setting a newborn is born into, determines his/her chances of immediate and long-

term survival. There is an enormous inequality in child survival between and within 

the four worlds.43 For instance, compared to an infant born in a HIC, an infant born in 

an LIC is 13-times more likely to die in the first five years of life and even worse, an 

infant born in sub-Saharan Africa (SSA) is 20-folds more likely to die in the first five 

years of life.43 Furthermore, an infant born in an African LMIC setting is >10-times 

more likely to die in the neonatal period than those in HIC.44,45 Preterm birth, 

neonatal infections and birth asphyxia cause >90% of neonatal deaths in low resource 

settings including Uganda.46 Yet >75% of preterm infants can survive, with essential 

newborn care practices, even in the absence of neonatal intensive care.39 Essential 

newborn care practice includes immediate skin-to-skin contact to maintain warmth, 

infection control, and early initiation of breastfeeding or expressed breast milk for 

cup feeding.47 We therefore need, low-resource, context-based studies to better 

position our newborns in any of these worlds for better planning and intervention.  

These survival gaps have continued to increase over the last decade, with faster 

reductions in neonatal mortality rates in HICs, and no or small reductions observed in 

LMICs.43 The disparities also occur within countries, for instance, children from rural 

and poor families that lack basic household education have higher neonatal mortality 

rates, than those born in families with more resources.48 Even in countries where the 

neonatal and under-five mortality have declined, inequalities between rich and poor 

still exist.48  

Small newborns are at increased risk of dying 

By the year 2016, both LBW and PB were the leading direct causes of neonatal and 

under-five deaths, and illness in the world, including Uganda.5,49-51 The risk of dying 

for infants in the neonatal period is very unequally spread – the risk is increased for 

LBW and PB compared to normal weight and term infants and for infants born in an 

LMIC compared to those born in an HIC.52 Being born small (PB or LBW) in low-

resource settings increases the risks of neonatal death seven- and two-folds, 
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respectively, compared to being born with the same condition in HICs.52 Small 

newborns in LMIC thus carry a double risk of dying. 

1.6.2 Causes of neonatal mortality among LBW and PB infants 

Small newborns risk both short- and long-term complications. The short-term 

complications may include hypothermia, infections, breathing problems such as 

severe respiratory distress syndrome (RDS), feeding problems such as 

hypoglycaemia, feeding difficulties or even necrotizing enterocolitis (NEC).53 

Respiratory distress syndrome is the single most common complication claiming the 

lives of preterm infants.54 The RDS may further be complicated by respiratory 

disturbances (cough, wheezing, and infections) with potential increased economic 

burden on families and health systems.54 Failure to establish respiration may be 

associated with failure to recruit functional lung capacity that leads to the 

development of bronchopulmonary dysplasia (BPD), and consequently, increased 

need for mechanical ventilation.55 

Other factors that may increase neonatal death among small newborns may include 

maternal ill-health, health system challenges and armed conflicts.56,57 Numerous 

studies have reported an association between maternal ill-health including infections, 

diabetes mellitus, hypertension and malaria in pregnancy and neonatal death.57,58 

Finally, there are health systems factors associated with increased risk of neonatal 

death including small newborns having inadequate access to health care, 

understaffing, inadequately trained human resources for health and lack of drugs and 

equipment.9 We shall discuss some common causes of neonatal death 

(hypoglycaemia, and birth asphyxia). In addition, the effect of armed conflicts on 

neonatal health and the historical background of Lira district are discussed in the next 

sections. 

Neonatal hypoglycaemia 

Intrauterine life is characterised by a continuous supply of nutrients, including 

glucose, through the maternal fetal placental barriers.59 Term neonates have 

transitional hypoglycaemia in the first 1-3 days of life, after which they usually attain 
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blood glucose values similar to those of older infants, children and adults.59,60 A 

quantitative definition of hypoglycaemia in newborns has long remained elusive, with 

no consensus on a unified definition. The Paediatric Endocrine Society (PES), 

however, defines neonatal hypoglycaemia as plasma glucose <50mg/dl (<2.8mmol/l, 

based on evidence of cognitive impairment (neuroglycopenia) observed with plasma 

glucose <50mg/dl.60 

There are several factors associated with neonatal hypoglycaemia, such as being 

small-for-gestational-age (LBW and/or PB), delayed initiation of breastfeeding, 

hypothermia, birth asphyxia, maternal diabetes mellitus, neonatal sepsis and, in rare 

cases, hyperinsulinism, and congenital abnormalities.61-63 The consequences of 

neonatal hypoglycaemia may include neonatal seizures, brain injury, neurocognitive 

dysfunction, suboptimal growth, or even neonatal death.64-68 

Birth asphyxia 

Birth asphyxia, also known as neonatal encephalopathy, is when a foetus or newborn 

fails to adapt to extrauterine life, resulting from interrupted placental blood flow and 

subsequent suffocation69 or from failure to initiate breathing after birth. Both fetal 

(LBW, PB, or small newborns) and maternal (poverty, pre-/eclampsia, antepartum 

haemorrhage, anaemia) factors may cause birth asphyxia.57,58,70 As with mortality, the 

incidence of birth asphyxia is higher (>99%) in LICs, compared to HICs.71 It is 

responsible for almost one million neonatal deaths annually.71 It also accounts for up 

to 50% of deaths in the first week of life. Most term infants are initiating breathing 

after birth, however, about 10% of all newborns may need some assistance to begin 

breathing, while 1% may require extensive resuscitation.72 Most of the 10% may be 

successfully resuscitated using methods such as stimulating the infant by using basic 

neonatal resuscitation (drying, clearing the airways, and giving ventilation).71 Use of 

a bag and mask, could save four out of every five babies who need resuscitation.73 

Advanced resuscitation with endotracheal intubation and oxygen is only required for 

a minority of asphyxiated babies.74 In addition, survivors of birth asphyxia may have 

both acute (hypoglycaemia, hypothermia, seizures) and chronic (cerebral palsy, 

blindness, delayed neurodevelopment, and poor school performance) morbidity.75-77  
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1.6.3 Armed conflicts and newborn health  

Armed conflict is an important public health problem.56,78,79 More than half of the 

countries in SSA, including Uganda, have experienced armed conflicts, in the period 

since the end of the cold war.80,81 In 2005, the United Nations listed Uganda among 

nine SSA countries with armed conflicts and high total fertility rates (TFR), above 6 

children per woman.82 War also has devastating effects after (post-) conflict across all 

(social, political and economic) sectors of society.83-85 In addition, armed conflicts 

may lead to the destruction of health care and other important infrastructure including 

health worker deaths and health worker migration, famine, destroyed road access, 

high fertility rates with resulting poor maternal and newborn health.86,87 Conflict-

affected countries including post-conflict Northern Uganda, also experience increased 

mortality among refugees and internally displaced persons (IDPs), including infants 

and neonates.88,89 

The high TFR with armed conflicts may be due to low maternal and/or female 

education status, increased school dropouts, and the need to replace the children from 

high infant mortality.90,91 The high TFR seen in poor countries compared to rich 

countries during war, may also be a coping strategy to insecurity, especially when a 

large family is a dominant form of economic and social security (personal 

observation and experience). 

In 2009, UNICEF reported a negative reversal on gains in maternal health following 

conflicts.92 Only a few studies have examined the long term effects of a protracted 

armed conflict on the burden and outcomes of small newborn infants, 10 years after 

the guns have gone silent in Northern Uganda.93 With the wealth of information on 

armed conflicts, we thus hypothesize that there may be a high burden of small 

newborns with associated increased risk of neonatal adverse outcomes (death, and/or 

hospitalisation and hypoglycaemia) in post-conflict Northern Uganda.  

1.6.4 Recent history of Northern Uganda, Lira district 

Between 1986 and 2006, there was little information on maternal and newborn health 

from Northern Uganda, in the national (Uganda) health and demographic surveys 
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(UDHS).94-96 Even the strategic plans for the health sector for the same regions had 

hardly any indicators on newborn, specifically small newborn (LBW and PB) 

infants.97 At the time of the study design and inception period in 2016/17, the only 

report available on newborn health status from the region was the one where 

UNICEF and the Ministry of Health conducted a survey on maternal and newborn 

health (MNH).98 They reported that there was poor reporting to non-existent record-

keeping of the same in health facilities across the country, including Lira and Arua, 

that represented Northern Uganda.98  

The Lord's Resistance Army (LRA) insurgency moved into Lira district in 2002 

resulting into massive population displacement in the district and surrounding areas 

(personal and lived experience). As the security situation improved, the district 

experienced a massive return of IDPs in 2006/07. An estimated 350,000 persons left 

IDP camps to return to their home villages within a period of 14 months. These 

villages had few to no functional health facilities for maternity, because either the war 

destroyed them, or the health workers fled from the conflict, and were unwilling to 

return to their workstations (personal observation and experience during fieldwork).  

In the 2010 Uganda Demographic and Health Survey (UDHS), about 11.5% of 

infants were born LBW or reportedly smaller than average baby. The neonatal 

mortality rate was 33/1000 live births, compared to the nation’s 27 / 1000 live births, 

and the PB rates and maternal mortality ratio were unknown.99 In 2012, the district 

had a low proportion of health facility deliveries (<60%), a high neonatal mortality 

and above all, non-existent data on most of the child health indicators, including 

small newborns. Furthermore, the prevalence, associated factors and outcomes of 

neonatal hypoglycaemia among small newborns compared to normal newborns was 

unknown for northern Uganda.  

The social disruption, lack of schooling and displacement caused by the 20 years of 

conflict in the region may have modified the burden and some of the known risk 

factors for neonatal and birth outcomes including small birth size. Few studies exist 



Beatrice Odongkara 

18 

to describe the burden of LBW and PB during the post-conflict period in northern 

Uganda.3  

1.6.5 Interventions to reduce LBW and PB burden and mortality 

To ensure favourable outcomes of pregnancy, birth and the neonatal period, the Every 

Newborn Action Plan (ENAP) was launched in 2014.100 ENAP aimed to provide 

impartial high quality implementation of care packages for every woman and 

newborn, in collaboration with national and international partners worldwide.100 

Many scholars argue that around 66% of the neonatal deaths are preventable with 

cheap and proven interventions, such as skilled birth attendance (SBA).47,100 

Interventions along the continuum of care 

Several interventions such as family planning, girl child education and women 

empowerment, micronutrient supplementation (folic acid and iron), and proper 

nutrition during pregnancy, have been shown to reduce LBW and PB.101 In addition, 

antenatal screening and treatment of maternal infections and illnesses; blood pressure 

and blood glucose control; control of vector borne diseases, using intermittent 

preventive treatment (IPT) for malaria; deworming, and active malaria case 

management, have also been shown to be effective. These interventions can be 

provided as an integrated care package, along the continuum of care, from 

preconception, to the post-partum period.101 

Interventions during labour and childbirth 

Interventions during the time of labour and birth include skilled birth attendance, 

clean birth, early initiation of breastfeeding, skin-to-skin care (SCC), and the 

availability of prompt neonatal resuscitation with bag and mask ventilation are 

required, to increase the likelihood of survival for small new-borns.47,101 Prompt 

establishment of respiration at birth is a vital action for the survival of small 

newborns. Despite the availability of evidence-based cost-effective interventions for 

improved neonatal survival during the antenatal and postnatal period, skilled birth 

attendance during labour and child birth (time of the most need for baby and mother) 

is still limited in low-resource settings including sub-Saharan Africa.102 
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Interventions to improve maternal and newborn health outcomes 

Interventions to improve outcomes for maternal newborn health (MNH) at 

community, district and health facility levels exist.103 At a community level, 

interventions that improve MNH outcomes include; generation of funds for 

transportation, postnatal home visits, women peer support groups and training of 

traditional birth attendants and mid-level health worker care.103,104 Conversely, many 

interventions such as outreach clinics, continuing medical education (CME), 

problem-based learning, clinical guidelines implementation and critical appraisal, 

have showed inconclusive or mixed results on the quality of MNH care or 

outcomes.105  

Social support during pregnancy, in-service training and specialised midwifery care, 

have reportedly improved MNH outcomes at the facility level.105 In addition, burnout 

and stress management training, multi-disciplinary meetings and feedback sessions 

for health care workers (HCWs) performance, and motivation improve these 

outcomes.105 Despite this evidence of effective interventions for MNH outcomes from 

HICs, the generalizability of these findings to all populations in LMICs, including 

post-conflict settings is difficult. 

Although very few MNH outcomes were observed at the district level, user directed 

financial incentives such as conditional cash transfers and maternal voucher systems, 

have been reported to improve quality of care and MNH outcomes in some 

instances.106,107 At this level, there is limited evidence concerning the effectiveness of 

leadership, supervision, health information systems, and staffing models on MNH 

outcomes.  

The Helping Babies Breathe neonatal resuscitation training program 

In response to high neonatal mortality, the American Academy of Pediatrics (AAP) 

developed a low cost neonatal resuscitation programme named ‘Helping Babies 

Breathe’ (HBB), for training birth attendants in LMICs.102 This programme has now 

been taken over by WHO and the Healthy Newborn Network partners.108 The 

Helping Babies Breathe programme is a simulation-based training, using a manikin 
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(‘NeoNatalie') to impart neonatal resuscitation knowledge and skills, to skilled birth 

attendants in low-resource settings.102,109 Between 2012 – 2016, close to 400,000 birth 

attendants were trained in HBB across the globe. Despite this massive HBB training 

scale-up, the reduction in neonatal mortality at 28 days has remained slow in most 

low-resource settings, especially in sub-Saharan Africa, including Uganda.109 There is 

evidence of improved knowledge and skills performance (competence) immediately 

post training, and reduction in early (24 hours), but not in late (28 days) neonatal 

deaths in these settings. 110  

A decline in knowledge and skills performance over time could be due to lack of 

refresher training. The optimal timing for refresher training is not known.109 The 

relative rarity of birth asphyxia and lack of resuscitation practice among trained or 

skilled birth attendants, may also explain this knowledge and skills decay.111-113 

Although knowledge and skills are important in resuscitation, evidence from a cohort 

study in Tanzania, also noted that having the same eight months post-training, did not 

translate into actual practice.114,115 

For the HBB training programme to positively impact neonatal mortality from 

asphyxia, we need to put several efforts in place. These may include continuing 

medical education using refresher training, support supervision, and mentorship.116 It 

also includes addressing other health systems factors such as availability of adequate 

and functional resuscitation equipment and supplies.116 Furthermore, the need for 

motivated human resources for health workers on duty 24/7 to provide skilled births, 

prompt newborn resuscitation and post resuscitation debriefing, cannot be 

overemphasized.116 

To succeed with institutional births, there is a need to increase trained staff at all 

levels of training, and to maintain most-needed skills through refresher training at 

several yet to be clarified intervals.102,117 To this effect, several training programmes 

have been developed such as neonatal resuscitation program (NRP) and HBB, which 

have shown good results in reducing neonatal death.102 In our study setting, health 

care workers (birth attendants) have been trained in HBB by the Ministry of Health 
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and its partners (personal field experience and observations in years of service). 

There are no clear guidelines as to how many resuscitation procedures are needed per 

year, to maintain skills and how often optimal refresher training should be done 

(personal field experience and observations in years of service). None the less, it is 

necessary to maintain effective and efficient resuscitation competence.117 

Newborn resuscitation knowledge and skills for improved neonatal 
outcomes 

In low-resource settings, the basic resuscitation equipment for health facilities 

includes a firm and flat resuscitation surface/table, a suction device, a heat source, 

and ventilation device (bag and mask).117 Effective ventilation devices for low-

resource settings should be reasonably priced, and easy to use. For successful 

handling of birth asphyxia in these settings, affordable, effective and efficient 

ventilation using a bag-and-mask is one of the most important tasks.117 Bag and mask 

ventilation is the standard of care, and affordable versions are available for low-

income countries.117 For appropriate fitting, it is important to have masks sizes for 

both term and preterm births.117 

Neonatal resuscitation with room air is safe and effective.138 Several studies 

comparing room air and oxygen for neonatal resuscitation, found the former being 

safer and superior for newborn resuscitation, with lower mortality and complications 

such as oxidative stress.118-120 Therefore, WHO recommends room air for 

resuscitation of most children at the community level, and at facilities without routine 

availability of oxygen.117  

Prompt management of birth asphyxia with neonatal resuscitation is important if we 

are to achieve the SDG 3.2 of reducing neonatal and under-five mortality to <12, and 

25 per 1000 live births by 2030, respectively. Enhancing SBAs’ skills to reduce 

neonatal mortality through prompt resuscitation also reduces disability adjusted life 

years (DALYs), years lived with disabilities (YLDs), and years of life lost (YLL).121 

Consequently, it reduces the economic burden of disease from encephalopathy and 

cerebral palsy.121 Besides, Hans Rosling argues that when child (neonatal) mortality 
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is reduced, a woman is under less pressure to replace the lost child, resulting in a 

reduction in birth and fertility rates.122 

Home deliveries without skilled birth attendance (SBA) are still common in low-

income countries.123 Even for those who deliver within health facilities, there may not 

be guaranteed access to quality care.124 Some studies in low-resource settings, for 

instance, report ≤50% of staff in health facilities to have resuscitation skills, few 

retain their skills even if they have been trained, due to lack of practice.124-126 This 

loss of knowledge and decrease in skill retention over time may impact caregiver 

performance. However, refresher training improves performance and reduces inter-

professional group differences.125,127 Therefore, further studies are required to 

determine the optimal timing and frequency for refresher training, and time for decay 

of skills in neonatal resuscitation skills.  

In addition, frequent staff rotations, health workforce migration/attrition and 

shortages of health workforce (paediatricians and obstetricians), all jeopardise the 

quality of newborn care in our study settings (personal observations and experience in 

service). A study in South Africa showed that avoidable factors for asphyxia-related 

deaths in rural hospitals, were mostly health-worker related.128 Inadequate monitoring 

and poor partograph use were the most common causes. Shortages of medical 

doctors, obstetricians, paediatricians and midwives are also contributing factors to the 

absence of quality obstetric and newborn care in many parts of the LICs, including 

Uganda.129 The need for resuscitation cannot be predicted in most newborns, because 

most of those that require resuscitation have no known risk factors. Therefore, there 

is need for SBAs to have appropriate knowledge and sufficient skills, to provide 

prompt high quality neonatal resuscitation whenever needed.130 

Debriefing 

Debriefing is a process of obtaining feedback after a given task or activity through 

questioning with the aim of improving subsequent behaviour, cognition, perception, 

or performance.131 It is a learner-centred feedback strategy, aimed at reinforcing 

learning, and improving the care and safety of patients.131 Debriefing has its roots in 
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the military and has been used since World War II, when Samuel Lynn Atwood 

Marshall subjected soldiers to review battles soon after, to document the events.132 

They each described up to the tiniest details about what unfolded, from the beginning 

to the end of the battle, what happened, how they felt, what their behaviours meant, 

and how it affected the other combatants. They used this information to plan future 

battles for better performance.132 Since then, other disciplines in health, education, 

aviation, engineering and psychology have used debriefing to enhance learning and 

perfect skills, following simulations.132 

In health care, debriefing has been employed as part of a growing trend towards 

simulation-based learning. The aim is to ensure patient safety. It has, however, been 

noted that simulated learning experience and debriefing differs from real life 

experiences, when faced with the real patients (neonates) in clinical settings, in terms 

of emotional experiences.133,134 Debriefing, therefore, bridges the gap between 

experiencing the event, and learning from the same event or activity, and planning 

subsequent actions.133  

There are two methods of debriefing in simulation training: video-assisted debriefing 

and verbal debriefing. Video-assisted debriefing uses pre-recorded sessions to guide 

the debriefing process. There are two debriefing tools used to guide and evaluate 

healthcare debriefing, the PEARLS (Promoting Excellence and Reflective Learning 

in Simulation) approach to health care debriefing, and the debriefing experience 

checklists.134-136 These tools ensure feedback and key learning points are generated 

and focused learning is provided from the identified learning gaps.  
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2. Conceptual approach  

The root causes and consequences (outcomes) of small newborns, are summarised in 

Figure 4.  

 

HCWS health care workers, HBB helping babies breathe, SNB small newborns, ANC 

antenatal care, SMS short text messages, IPT intermittent preventive treatment, * the factors 

and outcomes which were studied and presented in this thesis. 

Figure 4. Conceptual framework for the small newborns in post-
conflict Northern Uganda. The papers in the thesis are marked with blue 
circles. 
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Some cost-effective interventions to prevent preterm deliveries such as antenatal 

screening, treatment of maternal illnesses (infections) and micronutrient 

supplementation, have been implemented along the continuum of care, to prevent 

small newborns. Before and during pregnancy, maternal antenatal attendance, 

micronutrient supplementation, screening and treatment of maternal illnesses 

(hypertension, diabetes, malaria and urinary tract infections may prevent small 

newborn deaths. In the event that preterm labour sets in, during labour and delivery, 

maternal corticosteroid for foetal lung maturation is administered to the mother. In 

addition, essential newborn care such as neonatal resuscitation, thermal care (skin-to-

skin contact) and early initiation of breastfeeding are done to prevent asphyxia, 

hypothermia and hypoglycaemia. Postnatally, continued thermal care, exclusive 

breastfeeding, early identification and treatment of neonatal infections and prevention 

of infection by hand washing and cord care practices, reduce the risks of neonatal 

death and/or hospitalisation (severe outcomes) among small newborns. 

We investigated the burden of LBW and PB and their short-term consequences 

(neonatal hypoglycaemia, neonatal death and/or hospitalisation). In addition, we 

studied the burden and consequences of neonatal hypoglycaemia among small 

newborns. Finally, we assessed the effect of a (low-cost) modified neonatal 

resuscitation training, using video debriefing on frontline SBAs’ skills and 

knowledge (competence), to provide respiratory support at birth to manage birth 

asphyxia among newborns, including our infant cohort in Northern Uganda. 

2.1 Problem statement  

The worldwide and local scarcity of reliable population-based, generalizable data on 

small newborn (LBW and PB) and neonatal hypoglycaemia burden and outcomes, is 

worrying. This lack of high-quality real-time data makes planning and tracking 

interventions and progress towards SGD 3.2 2030 goal in low-resource post-conflict 

settings, including the Lira district, difficult.  
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Although there is evidence showing improved maternal newborn health outcomes 

through cost-effective interventions such as in-service training, specialized midwifery 

and support supervision in HICs, there is limited data on the effects of the same 

interventions in low-resource, post-conflict settings. Without regular practice, 

knowledge and skills in neonatal resuscitation and newborn care decline overtime, 

post-training. This decrease in skill retention may be explained by the relative 

scarcity of opportunities to practice neonatal resuscitation skills and frequent staff 

rotations within and outside maternity units. Little is known about the effect of 

adding video debriefing to current HBB training curriculum on knowledge and skills 

retention among these frontline in-service skilled birth attendants in post-conflict 

northern Uganda.  

The International Liaison Committed on Resuscitation (ILCOR) recommends regular 

refresher training for re-certification after every 2 years for basic neonatal 

resuscitation. In Uganda, there are no national guidelines on the frequency of 

refresher training. Several agencies keep training the same health workers, without 

any scientific guidelines on the training frequency for skills retention (personal 

observation and field experience). These trainings are usually followed by support 

supervision and mentorship by master trainers from the Uganda Ministry of Health 

and its partners. During these support supervisory and mentorship visits there is no 

structured way of providing ongoing learning and feedback.1 Furthermore, low 

staffing level of <50% and high staff turnover has worsened the situation. The trained 

staff are lost through internal (within hospital departmental rotation) and external (out 

of hospital/country) brain drain, and hence, are unable to provide the needed skills to 

ensure newborn survival, whenever needed. It is therefore unknown if adding video-

debriefing to the standard neonatal resuscitation training using HBB will improve the 

skill and knowledge attainment and retention among SBAs in this study setting. Post-

event video assisted debriefing used in high-risk industries such as aviation, and 

engineering has shown improvement in safety and reduction in mortality, however, 

 
1 Personal experience and participation in USAID ASSIST support supervision  
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this is not yet being practiced in our country, including the study setting. We hope 

that its inclusion will improve the care and survival of small newborns. 

2.2 Rationale of the study  

To achieve the SDG 3.2 target of neonatal mortality below 12 per 1000 live births by 

2030, there is urgent need to generate post-conflict context specific data on the small 

newborns (LBW and PB) health burden and associated modifiable risk factors. In 

addition, there is a need to generate more knowledge on short-term adverse neonatal 

outcomes such as neonatal death, hospitalisation and hypoglycaemia. This new 

knowledge may inform policy formulation for planning and tracking progress 

towards SDG 3 agenda 2030 achievement. Furthermore, reducing the burden and 

modifiable risk factors for small newborns and neonatal death, with cost-effective 

interventions such as HBB training, may contribute to the achievement of Sustainable 

Development Goals 3.2. 

Training, combined with video debriefing, may improve knowledge, skills, and care 

practices for small newborn among frontline health care workers and SBAs in post-

conflict northern Uganda. This in turn, may reduce short-term complications of small 

newborns including neonatal death and/or hospitalisation and hypoglycaemia from 

birth asphyxia. Moreover, it may also reduce small newborn related long-term 

complications such as neuro-developmental, growth, hearing and visual impairments. 

This may further reduce the economic burden on families and health care systems, 

with consequent positive effect on human national capital development. Lastly, an 

innovative training method in newborn resuscitation using video debriefing may 

inform policies, programmes and practices in post-conflict settings. This may also 

provide more evidence on the best possible combination of training intervention 

strategies for improved SBA competence in newborn care. The training innovation 

may also improve performance through provision of feedback to health care 

providers and patient safety through appropriate skills application.  
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2.3 Hypotheses  

We therefore hypothesize that 

i. The incidence of LBW and PB in northern Uganda higher than the global 

estimates. 

ii. Advanced maternal age >=35 years is associated with an increased risk of 

LBW and PB than maternal age 20-34 years. 

iii. The proportion of neonatal death and or hospitalisation is higher among LBW 

infants compared to the non-LBW. 

iv. LBW is associated with an increased risk of neonatal death and or 

hospitalisation compared to non-LBW. 

v. The proportion of neonatal hypoglycaemia is the higher among newborn 

infants in the community of Northern Uganda compared to the global 

estimates. 

vi. LBW is associated with an increased risk neonatal hypoglycaemia compared to 

non-LBW. 

vii. Neonatal hypoglycaemia is associated with adverse neonatal outcomes 

compared to normoglycaemia. 

viii. Adding video-debriefing to the standard helping babies breathe training 

compared to standard training only had no difference on health care workers’ 

competence attainment. 

ix. Adding video-debriefing to the standard helping babies breathe training 

compared to standard training only no difference in competence retention at 1-

, 3-, and 6-months post training. 
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3. Aims and objectives  

3.1 Aims 

The overall aim of the study was to: assess the burden of, risk factors for and neonatal 

outcomes (neonatal death, hospitalisation, severe outcomes and hypoglycaemia) of 

small newborns in post-conflict northern Uganda, in order to suggest policy changes. 

3.2 Specific objectives 

1. To estimate the incidence and risk factors for preterm births and low birthweight 

in Lira district, Northern Uganda, Paper I. 

2. To evaluate the association between low birthweight and neonatal death and/or 

hospitalisation, Paper II. 

3. To determine the prevalence, risk factors and outcomes of neonatal 

hypoglycaemia among LBW and PB infants, Paper III. 

4. To assess the effect of helping babies breathe neonatal resuscitation training using 

video debriefing on SBAs’ knowledge and skills attainment and retention at 1, 3 

and 6 months, Paper IV.  
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4. Methodology 

This chapter describes the context of the thesis in relation to armed conflicts. 

Furthermore, the study setting, participants, materials and methods are discussed.  

4.1 Study site  

We conducted the study in Lira District, Northern Uganda in a preparatory phase 

July-December 2017 and the actual data collection phase from January 2018, to 

March 2019 (Figure 5). Lira District had a population of about 400,000 people in 

2010, living in 13 sub-counties, a city, and 751 villages.19  

 
The selected sub-counties are encircled 

Figure 5. Map of Uganda showing Lira district and the three 
northernmost study sub-counties (ring).  
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The main administrative and commercial centre in the district is Lira city, located 110 

kilometres (68 miles) southeast of Gulu, the largest city in Northern Uganda. Most of 

the population is ethnic Langi, and the predominant language spoken is Lango.  

The district was chosen based on its being a post-conflict area with poor maternal and 

child health indicators, low proportion of health facility deliveries, high neonatal 

mortality, and limited data on small newborns (LBW and PB), and neonatal 

hypoglycaemia, as risks for neonatal death, hospitalisation and severe outcomes 

(death and/or hospitalisation).137 The study sites were Aromo, Agweng, and Ogur 

sub-counties; also chosen because they had the poorest maternal and child health 

indicators. Each sub-county had one health centre with maternity (health centre level 

III or IV), and two additional lower-level health centres without maternity (HC II). 

Two of the HC IIIs (Agweng and Aromo), however, were not conducting deliveries 

before the project inception.  

The HBB training included HCWs from both private and public health units, 

providing maternity and delivery services to the communities of the Lira district of 

Northern Uganda. The Lira district health facilities (HFs) also received patients from 

neighbouring districts of Padere, Agago, Gulu, Albetong, and Oyam. The HF levels 

ranged from health centre II (HC IIs), to a regional referral hospital (Level VI). The 

inclusion of private HFs in the study was due to the fact that, most people seek 

delivery and newborn care services from these facilities (personal interaction with 

health centre in-charges and HBB trainees as well as observation from facility 

maternity registry). In addition, the private facilities are located closer to the 

communities than most government facilities (personal observation during 

fieldwork). 

4.2 Target population 

The study population included pregnant mothers recruited from the community 

during pregnancy and followed to delivery with their newborn infants at birth for 
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Papers I and III. Papers II and III also had mother infant-dyads, followed from 

delivery to 28 days for adverse neonatal outcomes.  

We trained in-service health workers (nurses, midwives, clinicians, medical officers 

(MOs), and specialists) from public and private HFs for Paper IV. We also included 

staffs from other departments, to cater for staff rotation that happen frequently within 

and outside the maternity units. This ensured that most of the staff had the needed 

skills and knowledge to provide neonatal resuscitation care for newborn infants 

whenever taken to maternity units within or outside the health facility.  

4.3 Sample size 

The maximum sample size needed for the estimation of the incidence and risk factors 

for small newborns was calculated to be 1194 mother-infant dyads. This was deemed 

adequate for Papers I-III. In the survival Pluss main trial in which this study was 

nested, however, a total of 1877 mothers were recruited at ≥28 weeks of gestation, 

followed up to birth and 28 days postnatally. Of these, 1556 (for LBW burden and 

outcomes) mother-infant dyads with birthweight and 1279 (for PB and neonatal 

hypoglycaemia burden and outcomes) who had a gestational age estimate, 

birthweight, and blood glucose were analysed and presented in this thesis. Therefore, 

the study population and the sample size for Papers I-III was defined by the sample 

size of main trial. Since we had a finite population from which to sample our infants 

and for ethical reasons, we wanted to reach as many of the newborns as possible 

within two and seven days for birthweight and NBS respectively. We restricted our 

sample size to 1556 for all infants with birthweight to estimate the incidence of LBW. 

The total sample size of 1279 both birthweight and gestational age by NBS was used 

to study the burden of PB and neonatal outcomes of both PB and LBW. In addition, 

the 1279 mother-infant also had random blood glucose measurements. This enabled 

us to have a uniform comparison of outcomes in between groups, in addition to 

estimating the proportion of PBs who were LBWs and vice versa. In Paper III, a total 

of 1416 infants had blood glucose measurements and were all analysed and 

published. 
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Attempting to get the birthweight of everyone, where many deliveries still occurred at 

home, was a tall order and reaching 85% of infants at community level is reasonably 

good. There is still the risk, however, the mother-infant dyads reached at community 

level were the ones doing well whereas those struggling are the ones we fail to reach. 

It is therefore possible that the proportion of low birthweight and preterm birth in 

those not examined might have been higher than in the examined sample. The 

maternal demographic characteristics were similar between those examined and those 

not examined which is conventionally used as an indication that it is unlikely that the 

difference between the two groups is large. Nonetheless, we cannot exclude the 

possibility that the non-examined infants were worse off. 

4.3.1 Sample size for the HBB with video-debriefing training 

Sample size for number of clusters 

We assumed a fixed number of clusters, a minimal intra-cluster variability and 

variable cluster sizes, and estimated a sample size to detect a 30% difference in 

competence attainment and retention between intervention arms were 20 clusters (10 

in each arm).138 We however have 26 health facilities providing delivery and newborn 

care in Lira. For ethical reasons, we included all the 26 health facilities with a total of 

96 SBAs, of whom 86, were trained and followed up for 6 months.  

4.4 Methods overview of the four thesis papers 

Below is the summary of the design, participants and analysis used in each of the four 

papers presented in this thesis, with details found in each paper (Table 2). 

4.4.1 Definitions of study variables and measurements 

We present the study variable definitions and measurement methods in this section. 

Details of measurement method are found in each paper of the thesis and an overview 

in Table 3. 
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Outcome measures 

Primary outcomes in Paper I were low birthweight (LBW) and preterm birth (PB) 

while the secondary outcome was a composite of the two. A LBW was weight <2.5kg 

at birth, while a PB was defined as any birth before 37 completed weeks of 

gestation.7 Incidence (risk) is the number new LBW or PB cases divided by total live 

births over a specified period of time. The incidence (risk) was expressed as the 

proportion of LBW or PBs during the study period from January 2018 to February 

2019 to the total number of live births expressed as percentage or per 100 live births. 

Table 3. Overview of the methods used for the 4 papers in the thesis. 

LBW low birthweight, PB preterm birth, IPT intermittent preventive treatment, ANC 
antenatal care, HBB helping babies breathe, BW birthweight, RBG random blood 
glucose, GA gestational age, HF health facility, SBA skilled birth attendants,  

Paper  Study design & 
analysis 

Sample size  Exposure(s)  Outcome(s) 

I  ‐ Cohort study 
nested in a 
community/cluster‐
randomised trial 
‐ Multivariable 
regression analysis 

1556 and 1279 
pregnant 
mother were 
analysed 
respectively, 
for LBW and 
PB burden  

Maternal socio‐economic factors 
(age, education, father’s 
occupation, wealth index, 
domestic water source); maternal 
clinical factors (parity, previous 
history of PB/LBW, malaria 
infection and IPT in pregnancy, 
HIV infection, ANC attendance, 
Intervention); infant factors (sex) 

Incidence of low 
birthweight and 
preterm birth 

II  ‐ Cohort study 
nested in a cluster 
randomized trial 
‐ Multivariable 
analysis 

1556 mother‐
infant dyads 
followed from 
birth to 28 
days of life 

Exposures same as in Paper I, 
plus LBW 

Proportion of 
neonatal death, 
hospitalisation, or 
both (severe 
adverse outcomes) 

III  Cross‐sectional 
study 

1279 mother‐
infant dyads 
with BW, RBG, 
and GA 

Exposures same as in  
Paper II 

Prevalence of 
neonatal 
hypoglycaemia 

IV  ‐ Cluster randomized 
trial 
‐Multivariable 
analysis 

26 health 
facility (HF) 
clusters with 
86 skilled birth 
attendants 
(SBAs)  

Intervention (HBB training with 
video debriefing), HF level, SBAs 
age, sex, years in‐service, 
education level, number of 
deliveries, resuscitation practices, 
prior HBB training.  

1) knowledge and 
skills attainment, 
and 2) knowledge 
and skills retention  
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’Small newborn’ was defined as the composite of LBW and/or PB. The incidence of 

small newborns was expressed as the proportion in percent of LBW and/or PB to the 

total population at risk.  

Gestational age (GA) was estimated using the New Ballard Score (NBS) system, 

which employs both physical and neuromuscular maturation. The total physical 

maturation (PM) and neuromuscular maturation (NM), also known as maturity rating 

total scores (MRTS), was correlated with gestational age, recorded in completed 

weeks. The MRTS, ranging from -10 to 50, were then extrapolated to fetal age in 

weeks (20 to 44). For each 2.5 MRTS points, the gestational age increases with 1 

week.2 Birthweight was measured using a digital seca weighing scale (seca, 

Hamburg, Germany) and recorded to the nearest 2 decimal points in kilograms. 

Primary outcomes for Paper II were neonatal death, and hospitalization while the 

secondary outcome was the composite of the two – adverse neonatal outcomes. 

Neonatal death was any demise of a live born baby within or on the 28th day of life. 

Verbal autopsies were done for all death reports. Hospitalisation was defined as 

hospital admission unrelated to labour and delivery for 24 or more hours. The 

presence of hospital admission was recorded when ‘yes’ was given as an answer to 

the question, “has your baby been admitted in the hospital since delivery?” and if the 

duration of admission was at least 24 hours.  

Neonatal severe (adverse) outcome was defined as a composite of death and/or 

hospitalisation. Death and/or, hospitalisation rates were expressed per 1,000 live 

births. The choice of severe outcomes as secondary outcomes in this study is because 

hospitalisation and deaths have for long been used as proxies for neonatal morbidity. 

The prevalence of neonatal hypoglycaemia was defined as the proportion of 

newborns with blood glucose <47mg/dl (<2.7mmol/l) in Paper III. Random blood 

glucose was measured in mmol/l using an On Call® Plus glucometer (ACON 

Laboratories, Inc., 10125 Mesa Road, San Diego, CA, USA), a point-of-care test. 

Under aseptic conditions, we obtained blood samples from the heels of neonates. The 

 
2 1 week of gestation = (MRTS) / (estimated gestation age in weeks) = (50 - -10) / (44-20) = 60/24 = 2.5 MRTS 
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heel was first cleaned with alcohol swabs and dried with cotton. A single-use safety 

lancet was used to prick the heel. Maternal random blood glucose was also obtained 

at the same time from a finger prick. The team was closely supervised by a 

paediatrician who also doubles as paediatric endocrinologist and a medical doctor 

who had trained them on sample collection, observed their initial procedures, and 

occasionally sitting in during the recruitment visits to ensure the standard operating 

procedures were followed. 

The two primary outcome measures in Paper IV were: 1) knowledge and skills 

attainment in the immediate (2 days) post-training period, and 2) knowledge and 

skills retention over a six-month follow-up period. Knowledge and skills attainment 

were defined as the percentage scores in knowledge and skills tests in the immediate 

(2 days) post-training period. Skills assessments were done using validated HBB 

programme tools (Bag-mask ventilation (BMV), Objective structured clinical 

examination, OSCE-A and OSCE-B checklists) for assessing neonatal resuscitation 

skills among SBAs using NeoNatalie manikin. Knowledge was assessed using the 

validated HBB  multiple choice questions (MCQs).139 Both knowledge and skills tests 

were obtained from the 2nd edition of the standard American Association of Pediatrics 

(AAP) HBB curriculum. Assessments were done pre- and post-intervention, and 

during subsequent longitudinal follow-up at one, three, and six months. The skills 

scores were obtained by taking the means scores for BMV, OSCE-A and OSCE-B. 

Scores were presented in percentages and analysed as continuous variables. 

Exposure variables 

In Paper I – III we used the following exposure variables: maternal age was recorded 

in completed years and re-categorised into three groups as 12–19, 20–34, and 35–49 

years; education was recorded in years of completed schooling and dichotomized as 

0–6 and 7 or more years in school; marital status was categorised as binary variable 

into ‘married’ or ‘single/separated/divorced/widowed’; wealth index quintiles were 

calculated using a wealth index based on key household assets and classified ranging 

from the 1 ‘poorest’ to 5 ‘wealthiest’ quintiles. This was further sub-grouped into 

wealth three groups as follows: the lower 40% (1st – 2nd quintiles), the middle 40% 
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(3rd – 4th quintiles) and the upper 20% (5th quintile). Paternal occupation was 

categorized during analysis as farmer, employed or unemployed. Domestic water 

source was categorised as ‘tap/borehole’ or ‘spring/well/river/ponds. History of prior 

small newborns was recorded as ‘yes’ if the mother had history of having had a small 

baby by her own assessment in prior pregnancy. Parity was the number of 

pregnancies the mother had before, and further re-categorised as ‘prime gravida (first 

time mother)’, ‘1–6’ and ‘7 or more’ children. The presence of maternal illnesses 

during pregnancy such as malaria or HIV were recorded as (‘yes’ ‘no’, or ‘unknown’) 

based on antenatal test results. Antenatal care (ANC) attendance was recorded as 

‘yes’ if the woman attended antenatal clinic at least once during the current 

pregnancy. Facility delivery was recorded as ‘yes’, if the mother delivered from a 

health facility (maternity home, clinic, health centre or hospital). Maternal malaria 

intermittent preventive treatment (IPT) in pregnancy was recorded as ‘yes’, if the 

mother received sulfadoxine and pyrimethamine (SP) during pregnancy. Intervention 

was recorded as ‘yes’, if the mother received the Survival Pluss intervention package 

(advice on birthplace by a peer buddy, SMS messages, and a clean birth kit ‘mama 

kit’) during pregnancy. Infant’s sex was recoded as “male” or “female”. Post-natal 

infant bath was recorded as ‘yes’ if the infant was bathed since birth. Breastfeeding 

initiation was recorded as ‘yes’ if the mother initiated breastfeeding since birth. 

In Paper IV, the occupation of the health workers was categorised as 

nurses/midwives, and clinical officers/doctors. Qualification was defined as the 

highest attained level of education: certificate, diploma, bachelor’s degree, master’s 

degree, and categorised as certificate and diploma or degree. HBB training 

experience was recorded as ‘yes’ if the person had ever attended at least one training. 

The time since the last training was recorded in months. Routine delivery and 

resuscitation practices were recoded as ‘yes’ if one provided delivery and neonatal 

resuscitation care at one’s facilities on a regular basis or daily. The number of 

resuscitations per facility was counted from the birth registers. The number of 

newborn infants resuscitated was recorded from 0 to 10 or more and subsequently 

categorized was recorded as none versus one or more. The number of deliveries was 

physically counted as the total number of mothers delivered per facility. Health 
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workers were also asked to record the average monthly number of deliveries attended 

and these were categorized as none, 1 to 9 and 10 or more. Health centre (HC) or unit 

type was categorised by level as HCII-III and HCIV or more. Number of years in-

service were recorded in completed years and re-categorised as <5 or ≥5 years. Prior 

HBB training was recorded as ‘yes’ if one had at least a training before intervention. 

4.4.2 Inclusion and exclusion criteria 

In Papers I – II, a sub–sample of 1556 mother-infant dyads with birthweight and 

1279 mother–infant dyads with GA by NBS, birthweight and blood glucose, of the 

1877 recruited into the Survival Pluss cohort were included in this thesis. In Paper 

III, however, we analysed and published all the 1416 infants who had blood glucose 

measurements done. The Survival Pluss study included: mother-infant dyads from the 

participating communities at 28 or more weeks of gestation (minimum gestational 

age for postnatal foetal viability in resource-limited settings); mothers who had no 

intention of moving away from the study area within a year of enrolment; mothers 

who had no psychiatric illness that hindered the informed consent process. We 

excluded infants who: died at birth or before the NBS assessment; not reached within 

seven days for NBS; had congenital abnormalities (anencephaly, spina bifida and 

exomphalos); and those whose parents declined newborn examinations.  

In Paper IV, we included both public and private health facilities (HFs) with health 

care workers and skilled birth attendants (SBAs) providing delivery and newborn 

care services, and excluded one community vaccinators and two laboratory 

technicians, who turned up for training and were neither providing delivery nor 

newborn care. 

4.5 Study procedures 

In Papers I – III, prior to recruitment, research assistants were trained on the study 

protocol, weight measurement, use of the electronic data collection tool, and the open 

data kit (ODK) software (https://opendatakit.org/). Pregnant mothers were identified 

by community recruiters, who informed the study team. The research assistants were 

then dispatched to see the identified mothers. Those who met the inclusion criteria 
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were asked to complete consent forms and recruited. The enrolled pregnant women 

were followed up to birth, and postnatally to 28 days. After birth, the same recruiters 

informed the study team, who in turn visited the mother-infant dyads at birth, for 

delivery questionnaire administration, and anthropometric measurements. The 

maternal vital signs and neonatal anthropometrics (birthweight, length, head, chest 

and abdominal circumferences), and blood glucose were done within two days of 

postnatal life (Figure 6). The weighing scales and length/height boards were 

calibrated before each field visit, and before each measurement was taken. The 

weighing scales were checked for accuracy daily, with known standard weights. Data 

was collected using standardized pre-coded questionnaires in ODK, and immediately 

sent to the server for safe custody by the data manager. Data cleaning and checking 

for completeness were done for quality control, throughout the data collection 

process. The principal investigator (BO) worked with and supervised the research 

assistants, on data collection and documentation.  

A total of four research nurses and midwives were trained on the NBS tool. The 

overall intra-rater (percentage agreement: 82.56%, kappa: 0.806, 95% CI: 0.788 – 

0.823) and inter-rater (percentage agreement: 77.5%; kappa: 0.774, 95% CI: 0.613 – 

0.936) reliability for the Ballard scoring tool were strong. The principal investigator 

(BO) worked with and supervised the research assistants on data collection and 

documentation.  

In Paper IV, eighty-six frontline skilled birth attendants (SBAs) were randomized into 

the intervention and control arms, discussed in the subsequent sections. The 

randomisation and allocation concealment were done by an independent statistician 

not part of the trial. The PI was blinded until one week   to the trial   when she had to 

plan for the training arms. The RAs were however blinded throughout the trial. 

Description of intervention 

The control arm received standard HBB training alone, while the intervention group 

received the standard HBB training and video-debriefing.  
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Figure 6. Research assistant taking maternal and neonatal vital signs. 

Description of intervention 

The control arm received standard HBB training alone, while the intervention group 

received the standard HBB training and video-debriefing.  

The control (standard HBB training) arm 

For two days, international, national and regional HBB facilitators trained the SBAs 

using the 2nd edition of the AAP HBB training curriculum. On Day One of the 

training, all SBAs undertook pre-test knowledge and skills assessments in the 

following order: MCQs, BMV, OSCE-A and OSCE B. After the pre-tests, the 

facilitators gave integrated lectures and demonstrations on neonatal resuscitation 

skills. The topics covered during the training were: 1) the current global status of 

newborn health including the burden of neonatal morbidity and mortality, 2) birth 

preparedness in the labour suit, and 3) care of the healthy, sick and very sick 

newborns, who require resuscitation and/or referral care. Question and answer (Q&A) 

sessions followed the lectures.  
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The facilitators then divided the SBAs into 3 groups of 6-8 participants and 

undertook further practical demonstrations and group practice of birth preparedness, 

ventilation skills, and care of healthy and sick newborns. We allowed a total of six 

hours (three hours on each day) for skills practice. Each group spent 2 hours in each 

of the three skills sessions. During the different practical sessions, time was given for 

group practice in threes (a birth attendant, a mother and an assistant). The participants 

could ask the trainers and PI questions and clarifications on some of the more 

difficult practical skills techniques.  

On Day Two, after all the SBAs were satisfied with the acquired resuscitation skills 

techniques, post-test assessments were given in a similar way as the pre-tests. At the 

end of each training day, the participants assessed the ongoing training using the 

Kirkpatrick training assessment tool. This was to help the training team improve the 

quality of training and maximize learning.140 

Intervention arm (standard HBB training with video debriefing) 

In addition to the standard HBB training, the intervention arm had their HBB 

simulation sessions video-recorded and used for debriefing. Facilitators divided the 

participants into two groups. One group remained in the video debriefing session, 

while the other went for practical skills sessions, as described in the control arm 

above.  

Prior to the debriefing, the participants were asked to set learning objectives at the 

beginning of each practical session, using the SHARP (Set learning objectives, How 

it went, Address concerns, Review learning points, Plan ahead) debriefing tool.141 At 

the end of each practice session, the lead facilitator asked the SBAs how it went, and 

addressed concerns arising from the practice session. In addition, the participating 

team reviewed learning objectives, and planned for improved performance. Viewing 

of the simulated video recording by the group then followed. The three participants 

gave feedback and learning points from the simulated case scenario, followed by the 

rest of the group members and finally, the facilitator. After watching the video, the 

next team of three had their practice sessions. During each session, the facilitator read 
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the case scenarios aloud and the participating team simulated while being video-

graphed. The facilitator repeated the simulated case scenarios, until every participant 

had had his/her turn to be a birth attendant. The objective assessment of debriefing 

(OSAD) tool guided the facilitators during debriefing sessions.141 Two facilitators 

conducted the debriefing with participants in a separate room from the HBB skills 

training rooms. As in the control arm, all the participants in the intervention group 

were encouraged to practice, while asking the facilitators questions and seeking 

clarification. Finally, the facilitators administered post-test knowledge and skills 

assessment to the SBAs in the same order, as described in the control group. 

4.6 Data collection, management and quality control 

Data was collected using standardized pre-coded questionnaires in ODK, and 

immediately sent to the server for safe custody (Papers I – III). The Ballard Scores 

were done within 7 days for accurate determination of gestational age. A total of four 

research nurses and midwives were trained on the NBS tool. The overall intra-rater 

(percentage agreement: 82.6%, kappa: 0.806, 95% CI: 0.788 – 0.823) and inter-rater 

(percentage agreement: 77.5%; kappa: 0.774, 95% CI: 0.613 – 0.936) reliability for 

the Ballard scoring tool were strong. The principal investigator (BO) worked with 

and supervised the research assistants on data collection and documentation. The 

tarred seca weighing scales were calibrated before each field visit and measurement. 

The weighing scales were checked for accuracy daily, with known standard weights. 

The seca length boards were also checked daily for accuracy and those with damage 

were replaced. The PI worked with and supervised the research assistants on data 

collection and documentation. Trained midwives and nurses administered the New 

Ballard Scores.  

In Paper IV, research assistants were trained, and the instruments pre-tested. The 

HBB trainers were nationally trained facilitators. The PI and research assistants were 

also trained in neonatal resuscitation, assessment methods, and debriefing by a master 

trainer from Sachs’ Children and Youth Hospital, Stockholm, Sweden. Both internal 

and external validity, and reliability of the OSCE scores were checked by the PI, who 
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participated in a few of the skills sessions, while making independent observations 

(Figure 7).  

 

Figure 7. HBB training skills assessment. 

4.7 Statistical design and analysis  

For all papers, the data were transferred to Stata 14 (Stata Corp, College Station, 

Texas, US) for analysis. 

In Paper I, the incidence of LBW and PB were sex standardized and cluster adjusted 

and presented as the proportion of LBW and PBs to the total number of live births 

reported in percent. Descriptive statistics for categorical variables were summarized 

into proportions and the results presented in Tables 3 and 4 (Pages 10 – 11 in the 

manuscript). Inferential statistics (the risk factors for LBW and PB), were analysed 

using bivariable and multivariable generalised estimation equation for the binary 

categorical outcome of LBW and PB (Tables 3 and 4 above). Significant factors with 
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p value ≤0.05 at bivariable analysis were taken into the multivariable generalized 

estimation equation model with a log link to Poisson family, adjusting for clustering 

and potential confounding. Known risk factors for LBW and PB such as infant sex, 

wealth index, and integrated intervention were also added into the final model even 

though they were not significantly associated with outcomes at bivariable analysis. 

The crude and adjusted risk ratios were compared during the multivariable regression 

analysis. A difference of > 10% between crude and adjusted risk ratios were 

considered confounding. 

In Paper II, descriptive statistics for categorical variables were summarized into 

proportions, Table 1 (Page 10 in the manuscript). The proportion of neonatal death, 

hospitalisation, and severe outcomes were sex- and cluster-adjusted and presented as 

the number of each outcome measures (events), divided by the total number of live 

births reported per 1,000 live-born infants Table 3. The association between LBW 

and PB with neonatal death, hospitalisation and severe outcomes were analysed using 

bivariable and multivariable generalised estimation equation (GEE), for the binary 

categorical outcomes of death, hospitalisation and severe outcomes and presented in 

Tables 4, and 5. Significant factors with p value ≤0.05 at bivariable analysis were 

taken into the multivariable GEE model, with a log link to Poisson family, adjusting 

for clustering and potential confounding. Known risk factors for neonatal death, 

hospitalisation and severe outcomes such as wealth index, and integrated intervention 

combinations, were also added into the final regression model even if they were not 

significantly associated with the adverse neonatal outcomes. The crude and adjusted 

risk ratios were compared during the multivariable regression analysis. A difference 

of ≥10% between crude and adjusted risk ratios were considered confounding.  

In Paper III, We analysed a subset of infants with blood glucose measurements and 

summarized categorical variables as proportions and continuous variables as means 

(SD) or medians (IQR) and compared them using Student’s t tests or Mann-Whitney 

U tests as appropriate. The results were published in a peer reviewed journal.142 The 

prevalence of neonatal hypoglycaemia was defined as the proportion of infants with 

random blood glucose <47 mg/dl to the total number infants with blood glucose at 
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risk of hypoglycaemia. We used linearized variance estimation adjusting for 

clustering, to compute the confidence intervals around the estimates. To determine 

the factors associated with neonatal hypoglycaemia, a multivariable linear regression 

mixed-effects model was used, in which the random effect was the cluster. Based on 

scientific literature and biological plausibility, the following covariates were added to 

the fixed effects part of the model, LBW, delayed breastfeeding initiation, bathing of 

the baby in the first 24 hours, maternal hyperglycaemia (blood glucose ≥198 mg/dl), 

any maternal complication during birth, maternal age, maternal education, parity, 

place of birth, wealth index, and caesarean section. Since this study was nested in a 

cluster randomized controlled trial, the trial arm was added as a fixed effect. We 

assumed an exchangeable correlation, and used maximum likelihood estimation in 

fitting the model. All analyses were done using Stata 14.0.  

We also analysed a subset of 1279 infants without missing blood glucose 

measurements, birthweight and gestational age, to study the effect of small newborns 

(LBW and PB) on neonatal hypoglycaemia. Then we estimated the effect of neonatal 

hypoglycaemia on neonatal death, hospitalisation, and severe outcomes (deaths 

and/or hospitalisation), using multivariable GEE equation with a log link to Poisson 

family adjusting, for clustering and confounding. The results are also summarized in 

Tables 6 and 7. 

In Paper IV, the data were collected using standardized HBB knowledge (MCQ) and 

skills (BMV and OSCE-A & B) assessment tools. The data were entered using EPI 

Data 3.1 (EpiData Association; Enghavevej 34, DK5230 Odense M, Denmark) and 

exported to Stata Version 14 (StataCorp; College Station, TX, USA) for analysis. 

Intention to treat analysis was done. At bivariable analysis, baseline categorical 

variables were summarized into proportions. Chi-squared tests were used in 

bivariable analysis, to screen for significant differences in baseline SBAs’ socio-

demographic and HF characteristics between intervention and control arms.  

Continuous variables were summarized as means with standard error. The mean 

differences between the two arms (intervention and control) were compared using 
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two sample t tests. The years in service and monthly number of resuscitations 

conducted which had P-value <0.10 at baseline bivariable analysis, were included in 

the multi-level mixed effects linear regression model, in order to control for 

differences in baseline characteristics, clustering and repeated measurements from the 

same SBAs over time. Stratified analysis and adjustment in multivariable analysis for 

confounding were carried out. A factor was deemed confounding if 1) the crude and 

adjusted mean difference in scores differed by >10%, and/or 2) the crude mean 

difference was outside the strata specific mean difference ranges or known a priori 

(sex, age, and prior HBB training). The fixed and random effects were intervention 

and health facility clusters respectively. 

4.8 Ethical considerations 

Ethical clearance was obtained from Makerere University School of Medicine 

Research and Ethics Committee (SOMREC no. 2015/085), the Uganda National 

Council for Science and Technology (UNCST no. HS 2478) and REK Vest in 

Norway (No. 2018/58/REK Vest). Permission was obtained from the district and 

health facility administrations. The study was also registered with ClinicalTrial.gov 

NCT02605369). Written informed consents were obtained from all Survival Pluss 

study participants. Participant confidentiality was maintained, through use of 

password protected mobile phones and computers.  

In addition to the above ethical clearance, permission to conduct the HBB 

intervention study was obtained from the Ministry of Health through Lira District 

Health Office and health facility administrations. Assessment was done by the 

Norwegian Regional Committee for Medical and Health Research Ethics (REK 

Vest). The HBB study was found to be outside their jurisdiction, and hence qualified 

for exemption (2018/58/REK Vest). The study was also registered at 

ClinicalTrials.gov (NCT03703622). Written informed consent was obtained from all 

the trial SBAs. Informed consent was also obtained from the participants before the 

video recording. SBAs were not at risk, since we used simulation-based clinical case 

scenarios. For fairness of participation, we included SBAs from both public and 
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private delivery facilities, and from all HFs providing delivery and newborn care. 

Training frontline service providers (SBAs) ensured the provision of quality delivery 

and newborn care, to reduce neonatal mortality in the region. This thesis was 

prepared in accordance with CONSORT guidelines.143,144 
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5. Summary of results 

5.1 Profile of study participants  

Of the 1877 pregnant mothers recruited, 1556 had birthweight, 1416 had blood 

glucose measurement done, and 1279 had a complete set of blood glucose, 

birthweight and gestational age by NBS. These are the samples used to for Papers I – 

III in this thesis, Figure 8.  

 
Figure 8. Study profile for papers I – III. 
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Ninety-six health workers from 26 health facility clusters randomized into 

intervention and control arms, in a ratio of 1:1. A total of 86 were trained, and 81 

completed their follow-up at six months. No cluster was lost to follow-up, Figure 9.  

 

Figure 9. Consort diagram for the trial in Paper IV.  

5.2 Baseline characteristics of study participants 

We were able to obtain birthweight of 1556 out of 1877 birthing mothers, 85% of the 

total. Of these, 1480 (78.9%) were recruited at 28 weeks of gestational age by last 
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menstrual period. Of the 1877 mother-infant dyads, 1556 had birthweight measured 

within 48 hours after birth, this sample was used to assess LBW incidence and its risk 

factors. Of the 1556 mother-infant dyads, 1279 had in addition gestational age 

estimation done within 7 days after birth using the New Ballard Score (NBS), this 

sample was used to assess PB incidence and its risk factors. Of the 1556 mother-

infant dyads, a quarter of the mothers were first time mothers (prime gravida), 22 

(1.4%) were twins, and 90% of the mothers were married. Most of the fathers were 

subsistence farmers. Most families used tap or borehole water for domestic 

consumption. Around 5% of the mothers were HIV seropositive, while up to 2% did 

not know their HIV status. Close to 14% of mothers had prior history of small 

newborn (LBW and (/or PB) in the most recent (second last) delivery. The male to 

female ratio approximated 1:1, Table 1 in Paper I (Page 8 of the manuscript). 

5.3 Incidence and risk factors for LBW and PB 

The first study explored the incidence and risk factors for low birthweight and 

preterm birth in post-conflict Northern Uganda (Paper I). 

5.3.1 The incidence of small newborns (LBW and PB) 

Low birthweight  

An estimated 121 or 7.3% (95% Confidence interval (CI): 5.4% – 9.6%) of the 1556 

infants with birthweight had LBW in a post-conflict Northern Uganda. 

Preterm birth 

An estimated (unadjusted) 4.1% (95% CI: 3.1% – 5.4%) of the 1279 infants were 

born preterm. A sensitivity analysis for different maturity rating total scores (MRTS) 

cut-offs, if we overestimated the PB by 1-, 2-, 3- or 4- points, are summarized on 

Table 2 in Paper I (Page 9 of the manuscript). The Ugandan PB estimates by the 

global burden of disease research group is approximated at minus 3 MRTS. This 

means we might have overestimated the gestational ages by three MRTS (1.2 weeks 

or 8.4 days) if the GBD modelled estimates are correct. Further analysis of the data 

set excluding mothers recruited at 37 or more weeks of gestation, yielded an 
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incidence proportion of 4.0% (95% CI: 3.0 – 5.4) of the 1234 mothers, a similar 

result as the cohort finding above. Similarly, we also explored the PB estimates by 

history of preterm birth in prior pregnancy and obtained a prevalence of 4.1% (95% 

CI: 2.0% – 8.4%) of the 938 non-prime gravida mothers. 

Small newborns (LBW and/ or PB) 

Of the 1279 infants, 10.8% (95% CI: 8.9 – 13.0) were born either LBW or PB (small 

newborns) and 20 or 1.6% (95% CI: 1.0 – 2.4) were both preterm and low 

birthweight in our cohort. 

5.3.2 Risk factors for small newborns (LBW and PB) 

Low birthweight 

The factors that were associated with increased risk of a low birthweight infant in our 

cohort were advanced maternal age (≥35 years), history of a small newborn in prior 

pregnancy, malaria infection, and unknown malaria status in pregnancy, Table 3 in 

Paper I (Page 10 of the manuscript). Infants born to mothers aged 35 or more years 

had almost double (adjusted RR 1.9 (95% CI: 1.1 –3.9) risk of LBW compared to 

those born to mothers aged 20–34 years. History of a small newborn in the second 

last pregnancy doubled the risk (aRR: 2.1, 95% CI: 1.2 – 3.9) of LBW compared to 

those without. A positive malaria test (aRR: 1.7, 95% CI: 1.01–2.9) or an unknown 

malaria status during pregnancy (aRR 1.9, 95% CI: 1.1 – 3.2) almost doubled the risk 

of LBW among the infants compared to those with known malaria negative tests. On 

the other hand, infants whose mothers received intermittent preventive treatment for 

malaria during pregnancy had a 40% (95% CI: 20% – 60%) reduced risk of being 

LBW compared to those who did not. The integrated intervention package had no 

effect on the LBW in this post-conflict setting of northern Uganda. Similarly, other 

known risk factors for LBW such as poverty, maternal education, teenage 

motherhood, grand multi–parity, ANC attendance and HIV infection were not 

associated with increased risks of LBW among mothers in the cohort. These and 

more details are summarized in Table 3 in Paper I. 
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Preterm birth 

HIV infection was associated with an increased risk of PB (adjusted RR: 2.9, 95% CI: 

1.1 – 7.3) in the multivariable analysis. Maternal education (≥7 years) was associated 

with a reduced risk of PB (adjusted RR: 0.3, 95% CI: 0.1 – 0.98). More details are 

summarised in Table 4 in Paper I (Page 11 of the manuscript).    

5.4 LBW (and PB) as risk factors for neonatal death and/or 
hospitalisation  

In Paper II, we assessed 1) the proportion of neonatal death and/or hospitalisation 

among small newborns and 2) the subsequent effect of LBW and/or PB (small 

newborns) on neonatal death and/or hospitalisation. 

Table 4. Numbers and adjusted rates of neonatal death, hospitalisations and 
severe outcomes. 

  LBW infants 
n=121 

Non‐LBW 
infants 
n=1435 

All infants 
 

N=1566 

Preterm (PB) 
 

N=53 

Non‐PB 
 

N=1226 

All 
 

N=1279 

Neonatal deaths 
(number) 

11  10  21  5  12  17 

Neonatal mortality/ 
1000 live births  
(95% CI) 

103  
(47.2 – 212) 

5.4  
(2.1 – 13.9) 

12.5  
(6.9 – 22.6) 

90.9  
(25.6 – 275) 

6.4  
(1.9 – 21.1) 

10.6  
(4.7 – 23.7) 

Neonatal 
hospitalisations 
(number) 

6  26  32  2  20  22 

Hospitalisation rate/ 
1000 live births  
(95% CI) 

86.2  
(34.1 – 201) 

14.9  
(7.6 – 28.9) 

20.1  
(11 – 34) 

30.3  
(3.7 – 208) 

14.4  
(7.1 – 29.1) 

15.2  
(7.9 – 29.1) 

Neonatal ‘severe 
outcomes’ (=no of 
deaths or 
hospitalisations)  

16  35  51  6  32  38 

Neonatal ‘severe 
outcomes’ rate/ 1000 
live births (95% CI) 

172  
(99 – 283) 

2.0  
(11 – 35) 

31.1  
(20 – 48) 

121  
(41 – 308) 

20.8  
(9.8 – 43) 

25.8  
(14 – 46) 

CI confidence interval 

5.4.1 The proportion of neonatal death and/or hospitalisation 

The adjusted risk of death, hospitalisation and severe outcomes among LBW and PBs 

are summarised in Table 4. 
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5.4.2 LBW and PB as risk factors for neonatal death, 
hospitalisation and severe outcomes 

Low birthweight 

Neonatal death 

The overall proportion of neonatal death was: 21/1556 or 13.5 (95% CI: 8.8 – 20.6) 

per 1000 live births. The adjusted proportion of neonatal death among LBW infants 

were 103 (95% CI: 47.2 – 212) per 1000 live births. Compared to normal birthweight, 

LBW was associated with an increased risk of neonatal death (adjusted risk ratio, 

aRR: 7.6, 95% CI: 4.0 – 15). On the other hand, early initiation of breastfeeding 

(aRR: 0.2, 95% CI: 0.1 – 0.8) and the domestic use of tap/borehole (aRR: 0.2, 95% 

CI: 0.1 – 0.5) water were associated with reduced risk of neonatal death. More details 

are in Tables 5.  

Table 5. LBW as risk for neonatal death among infants in northern Uganda. 
 
Characteristics 

All 
N=1556 

n (%) 

Died 
N=21 
n (%) 

Crude RR 
 (95% CI) 
N=1556 

p value for 
crude RR 

Adjusted RR 
 (95% CI) 
N=1556 

Primary exposure           
Birthweight           
  Normal birthweight  1435 (92.2)  10 (47.6)  Ref    Ref 
  Low birthweight    121 (  7.8)  11 (52.4)  13 (6.6 – 25)  0.000  7.6 (4.0 – 15) 
Maternal characteristics           
Maternal age           
  12‐19 years    415 (26.7)  10 (47.6)  2.9 (1.1 – 7.8)  0.025  1.8 (0.6 – 5.1) 
  20‐34 years    982 (63.1)    8 (38.1)  Ref    Ref 
  ≥35 years    159 (10.2)    3 (14.3)  2.3 (0.5 – 11)  0.293  1.2 (0.5 – 3.0) 
Maternal education           
  0‐6 years  1246 (80.1)  17 (81.0)  Ref     
  ≥7 years    310 (19.9)    4 (19.1)  0.9 (0.4 – 2.5)  0.902   
Maternal vocational education           
  No  1371 (88.1)  15 (71.4)  Ref    Ref 
  Yes    185 (11.9)    6 (28.6)  3.0 (1.5 – 5.9)  0.002  1.6 (0.6 – 4.2) 
Marital status           
  Married  1417 (91.1)  19 (90.5)  1.0 (0.3 – 3.2)     
  Single/separated/ 
divorced/widow 

  139 (  8.9)    2 (  9.5)  Ref     

Wealth index           
  Lower 40%    708 (45.5)    9 (42.9)  Ref    Ref 
  Middle 40%    547 (35.2)    7 (33.3)  1.0 (0.4 – 2.7)  0.984  1.8 (0.8 – 3.6) 
  Upper 20%    301 (19.3)    5 (23.8)  1.3 (0.4 – 4.0)  0.652  2.2 (0.9 – 5.1) 
Father’s occupation           
  Farmer  1058 (68.0)  13 (61.9)  1.0 (0.3 – 3.0)  0.942   
  Employed    348 (22.4)    6 (28.6)  1.3 (0.3 – 6.4)  0.731   
  Unemployed    150 (  9.6)    2 (  9.5)  Ref     
Domestic water source           
  Tap/Borehole     977 (62.8)    5 (23.8)  0.2 (0.1 – 0.5)  0.001  0.2 (0.1 – 0.5) 
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  Spring/river/well /stream/pond     579 (37.2)  16 (76.2)  Ref    Ref 
Intervention            
  No    740 (47.6)  12 (57.1)  Ref    Ref 
  Yes    816 (52.4)    9 (42.9)  0.7 (0.3 – 1.8)  0.418  0.7 (0.3 – 1.5) 
Maternal clinical characteristics           
Facility delivery           
  No  482 (31.1)  7 (33.3)  Ref     
  Yes  1070 (68.9)  14 (66.7)  0.9 (0.3 – 2.4)  0.819   
History of a small newborn           
  No    985 (63.3)  12 (57.1)  Ref     
  Yes    218 (14.0)    3 (14.3)  1.1 (0.2 – 6.2)  0.909   
  Prime gravida    353 (22.7)    6 (28.5)  1.4 (0.5 – 4.2)  0.554   
Parity           
  Prime Gravida    353 (22.7)    6 (28.6)  1.4 (0.5 – 3.8)  0.547   
  1‐6  1043 (67.0)  13 (61.9)  Ref     
  7 or more    160 (10.3)    2 (  9.5)  1.0 (0.2 – 4.7)  0.988   
HIV a infection            
  No  1455 (93.5)  19 (90.5)  Ref     
  Yes      73 (  4.7)    1 (  4.7)  1.0 (0.1 – 8.8)  0.965   
  Unknown      28 (  1.8)    1 (  4.8)  2.7 (0.3 – 23)  0.354   
Antenatal attendance           
  No    352 (22.6)    3 (14.3)  Ref     
  Yes  1204 (77.4)  18 (85.7)  1.7 (0.6 – 5.0)  0.319   
IPT b for malaria in pregnancy           
  No    704 (45.2)  10 (47.6)  Ref     
  Yes    852 (54.8)  11 (52.4)  0.9 (0.4 – 2.1)  0.831   
Malaria in pregnancy           
  No    502 (32.3)    4 (19.0)  Ref    Ref 
  Yes    388 (24.9)    3 (14.3)  0.9 (0.2 – 3.7)  0.937  1.3 (0.3 – 6.3) 
  Unknown    666 (42.8)  14 (66.7)  2.7 (0.7 – 10)  0.160  2.4 (0.8 – 6.9) 
Infant characteristics           
Infant sex           
  Female     757 (48.7)  11 (52.4)  Ref     
  Male     799 (51.3)  10 (47.6)  0.9 (0.4 – 2.0)  0.742   
Delayed or no birth cry           
  No  1489 (95.7)  15 (71.4)  Ref    Ref 
  Yes      67 (  4.3)    6 (28.6)  8.9 (3.2 – 24)  0.000  2.1 (0.4 – 9.9) 
Breastfeeding initiation           
  No      39 (  3.0)    6 (28.6)  Ref    Ref 
  Yes  1517 (97.7)  15 (71.4)  0.1 (0.03 – 0.2)  0.000  0.2 (0.1 – 0.8) 
Postpartum infant bath           
  No    618 (39.7)  14 (66.7)  Ref    Ref 
  Yes    938 (60.3)    7 (33.3)  0.3  (0.2 – 0.7)  0.002  0.6 (0.3 – 1.2) 

a human immunodeficiency syndrome, b intermittent preventive treatment for malaria, significant adjusted risk 
ratios in bold 

Hospitalisation 

Compared to normal birthweight, LBW was associated with an increased risk of 

neonatal hospitalisation (aRR: 2.8; 95% CI: 1.1 – 7.5). In addition, compared to 

mothers aged 20 – 34 years, teenagers were at an increased risk of neonatal 

hospitalisation (aRR: 2.1, 95% CI: 1.1 – 4.2). These and more are in Table 4 in Paper 

II (Page 13 of the manuscript).  
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Severe outcomes 

Compared to normal birthweight, LBW was associated with an increased risk of 

severe outcomes (aRR: 4.4, 95% CI: 2.7 – 7.2). Other factors associated with 

neonatal severe outcomes were: teenage motherhood, delayed birth cry, early 

initiation of breastfeeding, and use of borehole or tap water for domestic 

consumption. Teenage mothers were twice as likely to have severely ill (aRR: 1.8, 

95% CI: 1.1 – 2.9) infants compared to mothers aged 20 – 34 years. Infants with 

delayed or no birth cry (aRR: 2.3, 95% CI: 1.05 – 5.2) were at more risk of severe 

outcomes, than those without. On the other hand, early initiation of breastfeeding 

reduced the risks of severe outcomes (aRR: 0.4, 95% CI: 0.2 – 0.8). Similarly, the 

domestic use of tap/borehole water was associated with a decreased risk of severe 

outcomes (aRR: 0.4, 95% CI: 0.3 – 0.7) in the neonatal period. More details in Table 

5 in Paper II (Page 15 of the manuscript).  

Preterm birth 

Similarly, PB was associated with increased risk of neonatal death, hospitalisation 

and severe outcomes, Table 6.  

5.5 Neonatal hypoglycaemia: burden and outcomes 

In Paper III, we explored the prevalence and factors associated with neonatal 

hypoglycaemia among infants with blood glucose records as a whole,142 and then 

among those with no missing birthweight and gestational age estimated by the NBS 

(presented in the thesis). 

5.5.1 Prevalence of neonatal hypoglycaemia 

The mean neonatal blood glucose level was 81.6 mg/dl (SD 16.8), and the median 

blood glucose 81.0 (IQR 70.2, 93.6). The prevalence of neonatal hypoglycaemia was 

2.2% (31/1416): 95% CI 1.2%, 3.9%.142 When we restricted the analysis to 1279  
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Table 6. PB as a risk factor neonatal death and/or hospitalisation. 
Factors  Deaths  

Adj. RR [95% CI] 
N=1279 

Hospitalisation 
Adj. RR [95% CI] 

N=1279 

Severe outcomes 
Adj. RR [95% CI] 

N=1279 

Primary exposure       
Gestational age       
  Term  Reference  Reference  Reference 
  Preterm  6.4 (1.7 – 24)  2.1 (0.6 – 7.9)  3.1 (1.3 – 7.6) 
Maternal socio‐demographic characteristics       
Maternal age in years       
  12 – 19   1.7 (0.6 – 5.1)  1.8 (0.7 – 4.4)  1.7 (1.01 – 3.0) 
  20 – 34  Reference  Reference  Reference 
  35 – 49   2.4 (0.7 – 8.1)  2.6 (0.8 – 8.3)  2.3 (1.0 – 5.7) 
Maternal education       
  0 – 6 years  Reference  Reference   
  ≥7 years    0.5 (0.1 – 1.9)   
Wealth index groups       
  Lower 40%  Reference  Reference  Reference 
  Middle 40%  0.8 (0.2 – 2.9)  0.7 (0.3 – 1.9)  0.8 (0.4 – 1.9) 
  Upper 20%  1.5 (0.6 – 4.2)  1.6 (0.7 – 8.3)  1.4 (0.7 – 2.8) 
Domestic water source       
Spring/river/well/stream/pond  Reference  Reference  Reference 
  Tap  0.2 (0.1 – 0.5)  0.6 (0.3 – 1.2)  0.4 (0.2 – 0.7) 
Intervention       
  No  Reference  Reference  Reference 
  Yes  0.5 (0.7 – 15)  0.7 (0.3 – 1.4)  0.7 (0.4 – 1.3) 
Maternal clinical characteristics       
Malaria in pregnancy       
  Negative  Reference  Reference   
  Positive  2.5 (0.7 – 9.0)  0.7 (0.2 – 2.5)   
  Unknown  4.5  (1.5 – 14)  0.5 (0.2 – 1.4)   
Infant factors       
Delayed or no birth cry       
   No  Reference    Reference 
   Yes  3.4 (0.7 – 15)    2.4 (1.1 – 5.6) 
Breastfeeding initiation       
  No  Reference    Reference 
  Yes  0.2 (0.03 ‐1.0)    0.3 (0.2 – 0.7) 
Postpartum infant bath       
  No  Reference  Reference   
  Yes  0.9 (0.3 – 2.6)  0.3 (0.1 – 0.8)   

CI confidence interval, significant adjusted risk ratios in bold 

infants with blood glucose measurements, gestational age and birthweight, the 

prevalence of neonatal hypoglycaemia was 2.5% (95% CI: 1.8% – 4.2). The 
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proportion of mothers with the diabetic range random blood glucose of >10.1mmo/l 

was 23/1416 or 1.6% (95% CI: 1.1% – 2.4%). 

5.5.2 Risk factors for neonatal hypoglycaemia 

When the outcome (hypoglycaemia) was analysed on a continuous scale, the risk 

factors for neonatal hypoglycaemia among the infants were: delayed breastfeeding 

initiation; postnatal infant bath in the first 24 hours after birth, and the infant age ≤3 

days at examination.142 The Mean blood glucose levels were 2.6 mg/dl lower among 

infants who were breastfed later than 1 hour, compared to those who were breastfed 

in the first hour after birth [adjusted mean difference, −2.6; 95% CI: −4.4, −0.79].  

Table 7. Risk factors for neonatal hypoglycaemia based on two separate 
models. 
Factors  Adj. RR [95% CI] 

N=1279 
Adj. RR [95% CI] 

N=1556 
Primary exposures     
Preterm birth     
  No     
  Yes  3.3 (1.1 – 9.7)   
Low birthweight     
  No     
  Yes    4.8 (2.4 – 9.5) 
Maternal demographics     
Water source for domestic use     
  springs/wells/rivers  Ref  Ref 
  Tap/borehole  1.7 (0.5 – 5.7)  1.8 (0.6 – 5.9) 
Malaria IPT in pregnancy     
  No  Ref  Ref 
  Yes  0.6 (0.3 – 1.1)  0.6 (0.3 – 1.2) 
No or delayed birth cry     
  No  Ref  Ref 
  Yes  1.3 (0.3 – 5.2)  1.0 (0.3 – 4.1) 
Intervention     
  No  Ref  Ref 
  Yes  1.0 (0.3 – 2.8)  1.1 (0.4 – 3.2) 

RR risk ratio, CI confidence interval, significant adjusted risk ratios in bold. We 
fitted separate models each for 1279 PB and 1556 LBW. 

Infants who were bathed within 24 hours of life, had an average of 2.3 mg/dl lower 

glucose concentration than those who were bathed afterwards [adjusted mean −2.3; 

95% CI: −0.46, −4.2]. Infants aged ≤3 days old had an average of 12.2 mg/dl lower 

glucose concentration, than those aged over 3 days [adjusted mean, −12.2; 95% CI: 
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−14.0, −10.4].142 More details are in Table 2 Paper III (Page 6 in the article) and 

Table 7. 

As a binary categorical outcome variable, risk factors for neonatal hypoglycaemia 

were LBW and preterm birth. There was a three-fold (adjusted RR 3.3, 95% CI: 1.2 – 

8.9) associated increased risk of neonatal hypoglycaemia among preterm, compared 

to term infants. Similarly, LBW infants were five times (adjusted RR 4.8, 95% CI: 

2.4 – 9.5) at more risk of neonatal hypoglycaemia, than those with normal 

birthweight, Table 7.  

5.5.3 Neonatal outcomes associated with hypoglycaemia 

Neonatal hypoglycaemia was associated with an increased risk of neonatal death, 

Table 8. Neonatal hypoglycaemia as a risk for death and/or hospitalisation. 

Factors 
Death  

Adj. RR [95% CI] 
N=1279 

Hospitalisation 
Adj. RR [95% CI] 

N=1279 

Severe outcome 
Adj. RR [95% CI] 

N=1279 
Primary exposure       
Neonatal hypoglycaemia       
  No  Ref  Ref   
  Yes  2.4 (  0.6 – 101)  6.3 (2.7 – 14)  3.9 (2.1 – 7.2) 
Maternal demographic characteristics     
Maternal age in years       
  12 – 19   2.3 (  0.8 – 6.5)  1.3 (0.5 – 3.4)  1.9 (1.1 – 3.1) 
  20 – 34  Ref   Ref   Ref  
  35 – 49  2.2 (  0.5 – 8.9)  2.4 (0.8 – 6.9)  2.2 (0.9 – 5.3) 
Maternal education in years       
  0 – 6    Ref   
  7 or more    0.5 (0.1 – 1.8)   
Water source for domestic use       
  springs/wells/rivers/ponds/streams  Ref   Ref   

  Tap/borehole  0.1 (0.05 – 0.4)  0.6 (0.3 – 1.1)  0.4 (0.2 – 0.6) 
Intervention       
  No  Ref    Ref 
  Yes  0.6 (  0.3 – 1.4)    0.8 (0.4 – 1.4) 
Infant factors       
No or delayed birth cry       
  No  Ref    Ref 
  Yes  3.1 (  0.7 – 13)    1.9 (0.8 – 5.0) 
Initiate breastfeeding       
  No  Ref    Ref 
  Yes  0.1 (0.03 – 0.6)    0.3 (0.1 ‐0.8) 
Postpartum infant bath       
  No  Ref    Ref 
  Yes  0.8 (0.03 – 0.7)    0.5 (0.3 – 0.7) 

  RR risk ratio, CI confidence interval, significant adjusted risk ratios in bold 
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hospitalisation and severe outcomes. The other factors associated with neonatal death 

and severe outcomes from this model were use of tap/borehole water for domestic 

use, initiation of breastfeeding, and infant bath, Table 8. 

5.6 The effects of HBB standard training on SBAs 
competence attainment and retention  

We tested the effect of adding video debriefing to standard HBB training on SBA’s 

knowledge and skills attainment, immediate post-training, and over a six-month 

follow-up period (Paper IV). The intervention group received video debriefing in 

addition to standard training, while the control arm received standard training only.  

5.6.1 The effects of training on knowledge and skills attainment 
and retention 

Adding video debriefing to standard HBB training improved skills, and the combined 

knowledge and skills (competence) attainment in the immediate (2 days) post-training 

period, after adjusting for baseline characteristics.145 Similarly, SBAs in the 

intervention group were more likely to retain skills and competence over the six-

month’s follow-up period, in comparison to SBAs in the control group after 

controlling for confounding and clustering (Table 2 in Paper IV).145 Analysis of 

pooled scores over six months also showed higher knowledge, skills and competence 

scores among SBAs in the intervention, compared to the standard training group, 

Table 3 in Paper IV (Page 7 in the article).145 

The number of years of in-service and routine neonatal resuscitation practice are the 

other factors that affected SBAs knowledge and skills retention. SBAs who 

resuscitated at least one baby per month, and those who had more than 5 years in 

service, had less retention of neonatal resuscitation competence during the six-month 

follow-up period. 

5.6.2 Trends in knowledge and skills mean scores between 
intervention arms over time 

The overall knowledge and skills mean scores in both intervention and control arms, 

improved in the immediate (2 days) post-training period. The video debriefing arm 
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maintained higher scores in knowledge and skills throughout the follow-up period. In 

addition, the mean knowledge scores remained significantly higher than the overall 

and individual skills components, even at baseline, Figure 10. 

 

Figure 10. Knowledge and skills mean scores trends over 6 months. 
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6. Discussion 

This thesis reports the burden, risk factors and outcomes of small newborns [low 

birthweight (LBW) and preterm birth (PB)], and the prevalence of neonatal 

hypoglycaemia in post-conflict Northern Uganda. In addition, it examines the effect 

of a low-cost intervention of standard HBB training with video debriefing on skilled 

birth attendants’ (SBAs) neonatal resuscitation competence attainment and retention, 

over a 6-month follow-up period. The findings are discussed in the following order:  

a) The incidence and risk factors for LBW and PB (small newborns). 

b) LBW and PB as risk factors for neonatal death and/or hospitalisation among small 

newborn infants. 

c) The prevalence, factors associated with, and outcomes of neonatal 

hypoglycaemia. 

d) The effect of adding video debriefing to standard HBB training, compared to 

standard training only on frontline SBAs’ competence attainment and retention. 

6.1 The incidence and risk factors for small newborns  

6.1.1 Incidence of LBW and PB 

Low birthweight (LBW) 

In our cohort, the incidence of LBW 7.3%. The proportion of LBW in our study in 

this area of Northern Uganda is lower than most other estimates, be it global, sub-

Saharan Africa, or Uganda.146-148 This study was a sub-study of a trial in which one of 

the inclusion criteria was a gestational age 28 or more weeks of pregnancy. Given 

that women were enrolled at 28 or more weeks, preterm births occurring before 

recruitment were systematically excluded. Therefore, our study is likely to have 

underestimated the true incidence of both LBW and PB (see section 6.5.3)  
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Preterm birth 

The PB proportion in our cohort was 5.0% and is similar to a hospital-based study in 

Eastern Uganda, with similar inclusion and exclusion criteria.23 The observed 

estimate in this cohort, however, is lower than the global sub-Saharan Africa or 

Uganda estimates.22,148 

The low PB proportion observed in our study may be due to the trial eligibility 

criteria discussed above that could have resulted in exclusion of some preterm births 

occurring before recruitment into the main trial. Secondly, the NBS for foetal 

maturation for gestational age determination (instead of mid-pregnancy ultrasound as 

the gold standard), may have contributed to the underestimation of PB in this cohort. 

For instance, a study by Sasidharan and colleagues reported that NBS overestimated 

gestational age (GA) by up to 2 weeks (5 MRTS), with increasing postnatal age.36 

Therefore, if the current global PB modelled estimates by the global burden of 

disease (GBD) research group are true, we may have over-estimated GA by 3MRTS 

(1.2 weeks), see our sensitivity analysis in Paper I. Although scientists modified the 

NBS system to identify extremely preterm babies up to seven days of postnatal age, it 

seems postnatal age at assessment may have played a role in the PB estimates in our 

cohort. The exclusion of 363/1833 (19.8%) infants not reached for NBS gestational 

age (GA) assessment within 7 days of postnatal life, and another 191/1833 (10.4%) of 

the infants without birthweight, may have also resulted in the observed low PB 

incidence proportion. Further analyses of two subsets of mothers who had history of 

preterm birth and those recruited at 28 weeks of gestational age by LMP, yielded 

similar findings as the entire cohort. This reduced our fear of selection bias to some 

degree. Despite the challenges faced in PB diagnosis in our setting, the findings may 

still be relevant in contributing to the pool of knowledge on preterm births and 

associated risk factors, to guide decision making in a resource-limited post-conflict 

setting. 
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6.1.2 Risk factors for low birthweight and preterm birth  

Risk factors for low birthweight 

Factors associated with low birthweight included maternal age ≥35 years, history of 

small newborn in the previous pregnancy, maternal malaria in pregnancy and 

intermittent preventive treatment (IPT) for malaria. The finding that advanced 

maternal age (≥35 years) was associated with an increased risk of LBW in our cohort 

is not unique to our report. Numerous studies have described the increased risk of 

LBW with low or advanced maternal age.149,150 The study also reports an associated 

increased risk of LBW among mothers with history of a small newborn, in the most 

recent pregnancy. Other studies report similar links.151,152  

The relationship between malaria in pregnancy and its association with increased risk 

of LBW has been reported elsewhere.153 Similarly, we also report reduced risk of 

LBW among infants born to mothers who had intermittent preventive therapy (IPT) 

for malaria during pregnancy. Malaria IPT during pregnancy reduces placental 

malaria, a long known risk factor for LBW and preterm births (small newborn).154 

Risk factors for preterm birth 

Factors associated with and increased risk of preterm birth include maternal HIV 

infection. Maternal education for seven or more years was associated with a reduced 

risk. Our finding that low maternal education is associated with an increased risk of 

PB has been reported elsewhere.155-157 The increased risk of PBs among HIV infected 

women, compared to the uninfected has also been known over the last 3 decades.158 

In our cohort, teenage motherhood doubled the risk of PB and this is of public health 

importance. The finding is similar to results of several other studies across the 

globe.159,160 Although the biological link between teenage pregnancy and PB is not 

properly understood,161,162 pregnant teens are likely to be disfavoured in several 

aspects such as education, access to care and nutrition compared to older mothers.163-

165 

The study also reported an increased risk of PB among male infants, compared to 

female infants. This may be a methodological artefact due to differences in NBS 
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scoring of the two sexes. An analysis of mean difference for the overall MRTS and 

individual elements for physical and neuromuscular scores by sex, demonstrated a 

difference in physical maturity rating for breasts. Female infants were systematically 

over-scored by 0.14 (0.08 – 0.21) points in the physical maturity rating for breasts, 

which may contribute to fewer infants being classified as being PB. It is still possible 

that there is still true increase in the risk of PB for male infants as this has been 

reported elsewhere.166,167 

6.2 Small newborn as a risk factor for adverse neonatal 
outcomes 

6.2.1 Low birthweight as a risk for adverse neonatal outcomes 

In our cohort, the overall neonatal mortality risk in the study population was 

12.5/1000 live births, slightly over the SDG 3.2 target of 12 per 1000 live births. But 

LBW infants were eight times more likely to die compared to non-LBW infants. In 

fact, half of the neonatal deaths occurred in the LBW group which means that LBW 

is one of the main drivers for the neonatal mortality. Efforts to reduce the number of 

LBW infants and/or to prevent adverse outcomes in this vulnerable group may be 

beneficial substantially reducing neonatal deaths and contribute to the attainment of 

the SDG target 3.2. The frequency of hospitalisation and ‘severe outcomes’ (death or 

hospitalisation) among LBW infants were also higher than among non-LBW infants. 

According the WHO, LBW is a known risk factor for neonatal mortality and 

morbidity.20  

6.2.2 Preterm birth as a risk factor for adverse neonatal outcomes 

As reported in the results section in our cohort, 94.3 neonatal deaths per 1000 live 

births occurred among PBs. Compared to term infants, this was a six-fold increase in 

neonatal death. Efforts to reduce the number of PB infants and/or to prevent adverse 

outcomes in this group could reduce neonatal morbidity and mortality.  
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6.2.3 Other risk factors for adverse neonatal outcomes 

In systematic reviews and meta-analyses, other known risk factors of neonatal death 

asphyxia and extreme maternal ages including teenage pregnancy, delayed initiation 

of breastfeeding and water and hygiene.39,168-172 These factors were also evident in 

our study. 

Whereas being wealthy has been traditionally associated with favourable neonatal 

outcomes, we report a finding to the contrary.147,173 This may be a spurious 

association, because, wealthy mothers may be more likely to seek care for their 

newborns compared to those in lower wealth groups, even in sub-Saharan Africa.174 

6.3 Prevalence of neonatal hypoglycaemia 

This thesis also examined the prevalence and risk factors for neonatal hypoglycaemia 

with discussion details presented hereunder.  

6.3.1 The prevalence of neonatal hypoglycaemia 

Our finding of a 2.7% (95% CI 1.7% – 4.3%) prevalence of neonatal hypoglycaemia 

is similar to a 2% nationwide prevalence of impaired fasting glycaemia (IFG) among 

adults in Uganda.175 It is also similar to other study findings among infants from 

America and India.176,177 Aside from our study, there are no population based 

estimates for newborns in Uganda. Our findings, however, are lower than those 

reported elsewhere.178-181 Possible reasons may explain the lower prevalence of 

neonatal hypoglycaemia in our cohort. Firstly, different studies used different cut-off 

thresholds and varying postnatal age.178,181,182 This lack of consensus on a unified 

definition of neonatal hypoglycaemia threshold compounds the difficulties in making 

meaningful comparisons across sites. Secondly, there was a high level of early 

initiation of, and continued breastfeeding among the study population. Breastfeeding 

prevents and resolves transitional neonatal hypoglycaemia.182 Thirdly, the study 

population had a low proportion of maternal hyperglycaemia with random blood 

glucose of >10.1mmol/l ((1.6%, 95% CI: 1.1% – 2.4%), a marker of diabetes 

mellitus, and a known risk factor for neonatal hypoglycaemia.  
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6.3.2 LBW and PB were associated with increased risks for 
neonatal hypoglycaemia 

This study found an increased risk of neonatal hypoglycaemia amongst LBW and PB 

infants compared to their respective term and normal birthweight counterparts. The 

findings has also been described in India.176 Both LBW and PB are known risk 

factors for neonatal hypoglycaemia.180 This is because small birth sized infants are 

biologically disadvantaged by low or inadequate glycogen stores and increased 

glucose utilization from hypothermia.181  

6.3.3 Other risk factors for neonatal hypoglycaemia 

The finding that delayed breastfeeding initiation is associated with neonatal 

hypoglycaemia, is not surprising. It has been reported numerous times by other 

authors that breastfeeding is an initial means of correcting neonatal 

hypoglycaemia.182,183 This finding reinforces the need to encourage mothers to 

breastfeed their infants within the first hour after birth. It also sheds light on a 

potential mechanism through which delayed breastfeeding may increase the risk of 

neonatal morbidity and mortality.184 

Bathing the newborn within 24 hours after birth appears to be associated with 

neonatal hypoglycaemia. This may be explained by the fact that bathing newborns 

within 24 hours of birth, predisposes them to cold stress and hypothermia,185 which 

are risk factors for neonatal hypoglycaemia.176 In our study sample however, the 

association between hypothermia and hypoglycaemia was very weak and imprecise. 

Neonates aged ≤3 days had lower blood glucose concentrations, compared to those 

>3 days old. The finding of declining incidence of neonatal hypoglycaemia with 

increasing postnatal age is not unique.142,186 This may be due to the resolution of 

transitional hypoglycaemia with increasing postnatal age.142,179,181 

6.3.4 Neonatal hypoglycaemia and adverse neonatal outcomes  

Neonatal hypoglycaemia was associated with an increased risks of neonatal death, 

hospitalisation and severe outcomes. Historically, neonatal hypoglycaemia has been a 

known common preventable metabolic condition, with detrimental short-and long-
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term effects, if left untreated.181,187 It is also a known risk for neonatal seizures, 

irritability, brain injury, as well as intractable epilepsy in early chidlhood.184  

6.4 Helping babies breathe (HBB) training 

Skill birth attendants (SBAs) trained using standard HBB curriculum with video 

debriefing, retained neonatal resuscitation knowledge and skills, better than those 

who only had standard training.145 Moreover, the SBAs who routinely resuscitated at 

least one or more neonates per month, were less likely to retain competence than 

those who did not have real life practice. This is a counter intuitive finding that is 

difficult to explain. SBAs who had been in service for five or more years, exhibited 

reduced competence retention during the six-month follow-up period, compared to 

those who had less than five years in service. 

6.4.1 Knowledge and skill (competence) attainment and retention  

Several studies worldwide have shown that neonatal resuscitation knowledge and 

skills decline with time post-training, with skills showing a faster rate of 

deterioration, compared to knowledge.111-113,115 Therefore, HBB training alone does 

not guarantee skill retention several months post-training. In our study we found that 

video debriefing increased both knowledge and skill attainment and retention. Few 

studies couple standard HBB training and video debriefing making it difficult to 

make meaningful comparisons with other studies.  

Alternative explanations for the knowledge and skill retention seen in our study 

include frequent assessments at close intervals that may have pressured the health 

workers into revising prior to each assessment. A study in Honduras showed that 

frequent OSCE skills practice among both clinic and hospital-based staff, improved 

skill retention after six months, post-training.188,189 In the same study, it was also 

observed that skills declined at one-month post-training. Similarly, we found a 

decline in the overall knowledge and skills scores at one-month post-training, with 

the intervention arm maintaining higher scores than the control group, throughout the 

follow-up period. Our findings may also add to the list of intervention combinations, 
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to improve learning and skills retention amongst frontline maternal newborn 

healthcare workers over time. Consequently, this may improve neonatal outcomes, as 

we aim for the 2030 SDG 3 target of reducing neonatal mortality to less than 12 per 

1,000 live births, by that year.  

6.4.2 Other factors for HBB knowledge and skills retention 

Senior SBAs with more than 5 years in service demonstrated inferior knowledge and 

skills retention. A possible explanation could be that the older or senior SBAs felt 

that they had the experience, and hence were slow at taking up new changes in 

newborn care practices. A study by Bang Akash and colleagues (2016), reported low 

skills retention among senior physicians, who reported being “too busy to practice 

neonatal resuscitation skills, despite the provision of equipment in their facilities for 

daily practice”.189 This may, to some extent, explain our findings. We, however, did 

not conduct a qualitative study to ascertain the reasons for the low knowledge 

retention among senior SBAs. Lastly, SBAs who conducted routine neonatal 

resuscitation, also demonstrated less knowledge and skill retention at six months. 

This might be due to a perceived large workload, and lack of time to read and refresh 

neonatal resuscitation knowledge and skills.  

6.4.3 Proven life-saving interventions along the continuum of care 

In our study, there was low universal coverage for maternal newborn health care to 

ensure a healthy start in childhood. Following the inability reach the MDG by 2015, 

the Every Newborn Action Plan (ENAP) was adopted by global countries for the 

provision of equal high quality care to every newborn.27 The basis of this was, the 

observed slow reduction of neonatal mortality of the 15 year period despite evident 

reduction in under-five and infant mortality. In addition to ENAP, there are other care 

packages for good birth outcomes along the continuum of care that have been 

discussed in section 1.6.5 of this thesis, Figure 10. 
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Figure 10. Care packages in the continuum of care for every mother and baby 

 
Figure 11. Lives that could be saved by 2025 by Universal coverage of care 

packages190 
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In addition to the above care packages, the WHO introduced the labour care aimed at 

providing individualised care for a positive childbirth experience for every woman. 

The care guide is an improved partograph except for the introduction of some other 

elements such as supportive care, maternal and fetal cut-offs for emergency actions 

and the separate parts for mother and infant care all on the same page.191 

Implementation of these care packages could potentially save thousands of lives in 

different stages of the human life cycle along the continuum of care, Figure 11. 

Lastly, in 2022, WHO added 11 new recommendations for care and support of low 

birthweight and preterm birth, Box 2.192 

Box 2 WHO’s 11 new recommendations and good practice statement for care of 
preterm or low birthweight infants 

1) Kangaroo mother care (KMC) for preterm or LBW infants should be started 
as soon as possible after birth  

2) Probiotics may be considered for human‐milk‐fed preterm infants <32 
weeks gestation  

3) Application of topical oil to the body of preterm or LBW infants may be 
considered  

4) Continuous positive airway pressure (CPAP) therapy may be considered 
immediately after birth for very preterm infants 

5) For preterm infants <37 weeks’ gestation who need CPAP therapy, bubble 
CPAP may be considered rather than other pressure sources (e.g., ventilator 
CPAP) 

6) Caffeine is recommended for the treatment of apnoea in preterm infants 
<37 weeks’ gestation 

7) Caffeine is recommended for extubation and may be considered for the 
prevention of apnoea in in preterm infants <37 weeks’ gestation 

8) Family involvement in the routine care of preterm or LBW infants in health‐
care facilities is recommended 

9) Families of preterm or LBW infants should be given extra support to care for 
their infants, starting in health‐care facilities from birth and continued 
during follow‐up post‐discharge. The support may include education, 
counselling, and discharge preparation from health workers, and peer 
support 

10) Home visits by trained health workers are recommended to support families 
to care for their preterm or LBW infant 

11) Parental leave and entitlements should address the special needs of 
mothers, fathers, and other primary caregivers of preterm or LBW infants 
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6.5 Methodological issues  

In this section, we summarize the key methodological challenges, discuss mitigation 

strategies and consider their implications. 

6.5.1 Methodological issues associated with observational studies 

In settings where randomized trials are limited or impossible, observational studies 

are useful in providing evidence that informs decision-making. This thesis employed 

two types of observational study designs: the cohort (Papers I – III), and cross-

sectional (Paper III) designs.  

In the cohort study, the exposed and unexposed groups of pregnant mothers were 

identified and followed-up for outcomes of small newborns (PB & LBW) at birth 

(Paper I). In Paper II, the cohort of mother-infant dyads with small newborns 

(exposed) and those without (unexposed), were subsequently followed-up from birth 

to 28 days of postnatal life for neonatal death and/or hospitalisation (outcomes). In 

the cross-sectional study of prevalence of neonatal hypoglycaemia, we identified 

infants with neonatal hypoglycaemia (outcome), and studied their associations with 

small newborn (exposure) at the same time. Subsequently, we also prospectively 

followed this same cohort for the same neonatal adverse outcomes, as for small 

newborn in Paper II.  

Generally, the epidemiological study methods employed in this thesis are prone to 

several limitations, that affect the exposure-outcome relationships.193 These 

limitations are summarized below.  

Paper I and II 

Limitations in our findings included but are not limited to:  

 Selection bias (selective inclusion and loss to follow-up)  

 Misclassification/information bias 

 Confounding  

 Random error 
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6.5.2 Selection bias 

Bias is a systematic error in study design, conduct, or analysis that results in an 

incorrect estimate of an exposure’s effects on the risk of disease.193 A selection bias is 

a participant selection method that results in a distorted exposure-outcome 

relationship, which is not indicative of the true association in the population. 

In Paper I, we assessed the incidence of LBW and PB in newborns. LBW and/or PB 

may happen any time after 28 weeks of gestation. In the randomised trial in which 

our observational study was nested, inclusions were allowed at any time from 28 or 

more weeks of gestation. It means that a pregnant woman could be included at, for 

instance, at 35 weeks of gestation. This also means that not all pregnant women in the 

study area were followed up from exactly 28 weeks of gestation. Women who had 

LBW and PB before recruitment into the trial were systematically excluded from our 

study. This likely caused us to underestimate the true incidence of LBW and PB. This 

could explain the low incidence of LBW and PB reported in this study.  

Furthermore, additional selection biases could have occurred due to loss to follow up 

resulting from missing birthweight and/or gestational age assessment (GA) of the 

infants. For the PB, we restricted the analysis to the sample of infants with both GA 

and birthweight. Approximately 554 infants (30%) of the 1833 in the cohort did not 

have both birthweight and gestational age measurements and were excluded from the 

analysis. This could have possibly resulted in a selection bias. That said, in a 

sensitivity analysis, we found no major differences in socio-demographic 

characteristics of included and excluded participants. Future studies to estimate the 

incidence of LBW and PB should aim at enrolling mothers in the first trimester and 

following up the entire cohort for the remainder of the pregnancy. This would permit 

more accurate gestational age estimations and provide a more complete cohort.  

In Paper III, our estimate of neonatal hypoglycaemia had some limitations that 

probably resulted in selection bias. First, our inability to follow-up and reach some 

neonates within their first week of life for NBS, might have resulted in a selection 

bias. Secondly, since we only examined neonates in their homes, we missed 18/43 
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(41.9%) hospitalized neonates and we were also unable to reach another 400/1790 

non-hospitalized (22.3%) infants within 7 days of postnatal life. Some of these 

missed infants could have had hypoglycaemia. 

6.5.3 Misclassification / information bias 

This is a systematic error in measurements, and it occurs when information is 

collected differently between groups, leading to errors in conclusions of possible 

associations. This may be due to differential (different) or non-differential (no 

difference) misclassifications between groups.193 

In Paper III we only performed a single blood glucose measurement, instead of serial 

blood glucose levels for the assessment of neonatal hypoglycaemia as recommended 

by the Paediatric Endocrine Society. This was because of resource limitations for 

serial blood glucose measurements, but also to avoid multiple heal pricks to 

seemingly healthy infants (an ethical dilemma). This could have resulted in a 

misclassification of the hypoglycaemic infants. The blood glucose measurements 

were also done at different post-natal ages, some after several days, when 

hypoglycaemia was less likely to occur and this could have resulted in 

underestimation of neonatal hypoglycaemia.  

The lack of a gold standard for gestational age estimates (first trimester fetal 

ultrasonography) in our study, required us to fall back on the use of the New Ballard 

scoring (NBS) system, for ascertainment of gestational age. The NBS has a 

sensitivity of 0.333 and specificity of 0.998 compared to early fetal ultrasound scan in 

determining gestational age.194 This low sensitivity could have resulted in the 

misclassification of some infants.  Lastly, we were not able to diagnose intrauterine 

growth retardation among the LBW and PB infants due to lack of both ultrasound 

equipment and an experienced obstetrician in the study setting. We were therefore not 

able to assess foetal growth retardation in our cohort. 
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6.5.4 Confounding 

Confounding occurs when the observed measure of association between exposure and 

outcome differs from the truth, because of the influence of a third variable.195 The 

third variable should be associated with both the exposure and outcome, without 

being in their causal pathways.195 Commonly recognised confounders include age and 

sex. In all the Papers I – IV, this was controlled for in the analysis phase by multiple 

regression modelling.  

6.6 Changes in Paper I 

Paper I was amended and extensively modified following the examination 

committee’s comments. Unfortunately, by the time the comments were returned to 

the candidate, Paper I was already published in its previous form, see appendix. In 

view of the comments from the committee, there are a number of changes that should 

preferably have been made before its publication and these have been made in the 

amended manuscript of Paper I. The main changes are:  

 the overlap between preterm birth (PB) and low birthweight i.e., intrauterine 

growth restriction, have been included in the introduction 

 data on the proportion of low birthweight infants who were born preterm and 

vice versa were added 

 to try to gauge the error margin on the estimate of the proportion of preterm 

births in this cohort, we included the proportion of mothers recruited no later 

than at 28 weeks of gestation and noted that more than 80% were recruited at 

28 weeks while a good number of mothers did not know their gestational age 

by LMP. In order not to leave out preterm births occurring among the latter 

group of mothers, we estimated PB among all the included mother-infant 

dyads with both birthweight and gestational age estimation by the new Ballard 

scoring system (NBS). 
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6.7 Strengths of the studies in this thesis 

There were several strengths in our study. Firstly, we used a community-based cohort 

– likely to reflect the community at large. Secondly, we were able to follow-up and 

obtain birthweight within 48 hours on 1556/1833 (85%) of the cohort, minimising the 

risk of selection bias, in settings where more than 40% of deliveries happen at home, 

obtaining birthweight for 85% of the cohort was commendable. The mothers were 

interviewed shortly after the delivery, minimising the likelihood of recall bias. 

Thirdly, in Paper I and II, we used hard, explicitly defined outcome measures (LBW, 

PB, neonatal death, and hospitalisation). This reduced the likelihood of 

misclassification/information bias. 

Paper IV was a cluster randomized trial. On average, when successful, randomization 

makes study groups comparable by balancing potential confounders between the 

study arms. To a great extent, we achieved balance in this study. 
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7. Conclusions and recommendations 

7.1 Conclusions 

Albeit the limitations of the study, the findings reported in this thesis are still relevant 

to guide interventions to reduce burden of small newborns and its adverse outcomes – 

neonatal deaths, hypoglycaemia and asphyxia. Therefore, we conclude as follows: 

7.1.1 Burden and outcomes of LBW and PBs in post-conflict 
Northern Uganda 

 The incidence of LBW in our study was 7.4% and PB was 5.0%. 

 Intermittent preventive treatment for malaria was associated with a reduced 

risk of LBW by 40% while HIV infection was associated with a three times 

increased risk of both LBW and PB. 

 Maternal formal education for ≥7 years was associated with an 80% reduced 

risk of LBW and PB. 

 A total of 103 LBW and 91 PB infants per 1000 live births died in the neonatal 

period – higher than the national rates. Neonatal death in post-conflict northern 

Uganda was associated with both low birthweight and preterm birth, and birth 

asphyxia. 

7.1.2 The prevalence and outcomes of neonatal hypoglycaemia 

 The proportion of neonatal hypoglycaemia was 2.5%. 

 Factors associated with an increased risk of hypoglycaemia included preterm 

birth, delayed breastfeeding initiation, and early blood glucose measurement 

(before 3 days of age). 

 Infants with neonatal hypoglycaemia had an increased risk of neonatal 

hospitalisation and severe outcomes. 

7.1.3 Video debriefing for improved competence of frontline SBAs 

Adding video debriefing to HBB training improved the overall skills and 

competence (combined knowledge and skills) attainment in the immediate (2 
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days) post-training period and, knowledge retention over six-month follow-up 

period. 

7.2 Recommendations 

7.2.1 Low birthweight and preterm burden and outcomes 

Given the high risk of morbidity and mortality among LBW and PBs, we 

recommend the following:  

 Urgent need to improve the coverage and quality of emergency obstetric care 

of pregnant mothers such as foetal heart monitoring, corticosteroids for 

preterm labour and skilled birth attendance. 

 Studies to identify the effectiveness of proven lifesaving integrated 

intervention combinations like aspirin, antenatal corticosteroids, peer 

counselling, early breastfeeding initiation, IPT are required. These may further 

reduce 

o  The frequency of LBW and PBs. 

o  The frequency of adverse events (severe outcomes). 

 Targeted routine neonatal hypoglycaemia screening for high-risk infants 

(LBW and PB) may be considered. There is a need to emphasise promotion of 

community- and health facility-based early initiation of and frequent 

breastfeeding practices to reduce neonatal hypoglycaemia and its related 

complications. 

7.2.2 Video debriefing for improved competence among SBAs 

 We recommend additional research with cost-effectiveness analysis to support 

the addition of video debriefing to the current standard HBB training curricula.  

Further research into the facility-based neonatal mortality in the short- and 

long-term may also be considered. 



Beatrice Odongkara 

78 

References 

1. Rice D, Barone S, Jr. Critical periods of vulnerability for the developing nervous 
system: evidence from humans and animal models. Environ Health Perspect 2000; 
108 Suppl 3: 511-33. 

2. GBD 2016 Causes of Death Collaborators. Global, regional, and national age-sex 
specific mortality for 264 causes of death, 1980-2016: a systematic analysis for the 
Global Burden of Disease Study 2016. Lancet 2017; 390(10100): 1151-210. 

3. WHO, UNICEF. Low birthweight : country, regional and global estimates. Geneva: 
World Health Organization, 2004. 

4. Haidong W, Christopher JLM, Nancy F, Alan DL, GBD Child Mortality 
Collabrators. Global, regional, national, and selected subnational levels of stillbirths, 
neonatal, infant, and under-5 mortality, 1980-2015: a systematic analysis for the 
Global Burden of Disease Study 2015. Lancet 2016; 388(10053): 1725-74. 

5. Lawn JE, Kinney M. Preterm birth: now the leading cause of child death worldwide. 
Sci Transl Med 2014; 6(263): 263ed21. 

6. Katz J, Lee AC, Kozuki N, et al. Mortality risk in preterm and small-for-gestational-
age infants in low-income and middle-income countries: a pooled country analysis. 
Lancet 2013; 3(;82(9890)): 417-25. 

7. WHO. WHO: Recommended definitions, terminology and format for statistical tables 
related to the perinatal period and use of a new certificate for cause of perinatal 
deaths. Modifications recommended by FIGO as amended October 14, 1976. Acta 
Obstet Gynecol Scand 1977; 56: 247-53. 

8. ACOG. Practice Bulletin: Fetal growth restriction - Number 227. Obstretrics and 
Gynecology 2021; 137(2): e16 - e27. 

9. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of 
preterm birth. Lancet 2008; 371(9606): 75-84. 

10. Keith T Palmer, Matteo Bonzini, Harris EC, Linaker C, Bonde JP. Work activities 
and risk of prematurity, low birthweight and pre-eclampsia: an updated review with 
meta-analysis. Occup Environ Med 2013; 70(4): 213–22. 

11. Chua CLL, Hasang W, Rogerson SJ, Teo A. Poor Birth Outcomes in Malaria in 
Pregnancy: Recent Insights Into Mechanisms and Prevention Approaches. Front 
Immunol 2021; 12: 621382. 

12. Phipps EA, Thadhani R, Benzing T, Karumanchi SA. Pre-eclampsia: pathogenesis, 
novel diagnostics and therapies. Nat Rev Nephrol 2019; 15(5): 275-89. 

13. Marianna Amaral Pedroso, Kirsten Rebecca Palmer, Ryan James Hodges, Fabricio da 
Silva Costa, Daniel Lorber Rolnik. Uterine Artery Doppler in Screening for 
Preeclampsia and Fetal Growth Restriction. Rev Bras Ginecol Obstet 2018: 287–93. 

14. John C. Kingdom, Melanie C. Audette, Sebastian R. Hobson, Rory C. Windrim, Eric 
Morgen. A placenta clinic approach to the diagnosis and management of fetal growth 
restriction. AJOG 2018: S803-S17. 

15. Balayla J, Desilets J, Shrem G. Placenta previa and the risk of intrauterine growth 
restriction (IUGR): a systematic review and meta-analysis. J Perinat Med 2019; 
47(6): 577-84. 



Small newborns in post‐conflict northern Uganda 

79 

16. Kosińska-Kaczyńska K. Placental Syndromes-A New Paradigm in Perinatology. Int J 
Environ Res Public Health 2022; 19(12). 

17. Blencowe H, Krasevec J, de Onis M, et al. National, regional, and worldwide 
estimates of low birthweight in 2015, with trends from 2000: a systematic analysis. 
Lancet Glob Health 2019; 7(7): e849-e60. 

18. Barros Fernando C, Barros Aluísio J D, Villar José, Matijasevich Alicia, Domingues 
Marlos R, G VC. How many low birthweight babies in low- and middle-income 
countries are preterm? Rev Saúde Pública 2011; 45(3): 607-16. 

19. Uganda Bureau of Statistics (UBOS), ICF International Inc. Uganda Demographic 
and Health Survey 2011. Kampala, Uganda: UBOS and Calverton, Maryland: ICF 
International Inc., 2012. 

20. WHO, UNICEF. Low birthweight : country, regional and global estimates. World 
Health Organization. . Geneva, 2004. 

21. Lee AC, Katz J, Blencowe H, et al. National and regional estimates of term and 
preterm babies born small for gestational age in 138 low-income and middle-income 
countries in 2010. Lancet Glob Health 2013; 1(1): e26-36. 

22. Blencowe H, Cousens S, Oestergaard MZ, et al. National, regional, and worldwide 
estimates of preterm birth rates in the year 2010 with time trends since 1990 for 
selected countries: a systematic analysis and implications. Lancet 2012; 379(9832): 
2162-72. 

23. Nabiwemba E, Marchant T, Namazzi G, Kadobera D, Waiswa P. Identifying high-
risk babies born in the community using foot length measurement at birth in Uganda. 
Child Care Health Dev 2013; 39(1): 20-6. 

24. Blencowe H, Cousens S, Chou D, Oestergaard M, Say L, et al. Born too soon: the 
global epidemiology of 15 million preterm births. Reprod Health 2013; 10(Suppl 1): 
S2. 

25. Oestergaard MZ, Inoue M, Yoshida S, et al. Neonatal mortality levels for 193 
countries in 2009 with trends since 1990: a systematic analysis of progress, 
projections, and priorities. PLoS Med 2011; 8(8): e1001080. 

26. Masuy-stroobant G, Gourbin C. Infant health and mortality indicators: their accuracy 
for monitoring the socio-economic development in the Europe of 1994. Eur J Popul 
1995; 11(1): 63-84. 

27. WHO, UNICEF. Every Newborn: An Action Plan To End Preventable Death. 20 
Avenue Appia, 1211 Geneva 27, Switzerland: World Health Organization, 2014. 

28. Dickson KE, Simen-Kapeu A, Kinney MV, et al. Every Newborn: health-systems 
bottlenecks and strategies to accelerate scale-up in countries. Lancet 2014; 
384(9941): 438-54. 

29. Jamison DT, Summers LH, Alleyne G, et al. Global health 2035: a world converging 
within a generation. Lancet 2013; 382(9908): 1898-955. 

30. Papageorghiou AT, Kennedy SH, Salomon LJ, et al. International standards for early 
fetal size and pregnancy dating based on ultrasound measurement of crown-rump 
length in the first trimester of pregnancy. Ultrasound Obstet Gynecol 2014; 44(6): 
641-8. 

31. Papageorghiou AT, Kemp B, Stones W, et al. Ultrasound-based gestational-age 
estimation in late pregnancy. Ultrasound Obstet Gynecol 2016; 48(6): 719-26. 



Beatrice Odongkara 

80 

32. Dubowitz L. Assessment of gestational age in newborn: a practical scoring system. 
Arch Dis Child 1969; 44(238): 782. 

33. Moore K, Simpson J, Thomas K, et al. Estimating Gestational Age in Late Presenters 
to Antenatal Care in a Resource-Limited Setting on the Thai-Myanmar Border. PLoS 
One 2015; 10(6): e0131025. 

34. Dubowitz L. Assessment of gestational age in white and non-white infants. Arch Dis 
Child 1971; 46(247): 398. 

35. Ballard JL, Khoury JC, Wedig K, Wang L, Eilers-Walsman BL, Lipp R. New Ballard 
Score, expanded to include extremely premature infants. J Pediatr 1991; 119(3): 417-
23. 

36. Sasidharan K, Dutta S, Narang A. Validity of New Ballard Score until 7th day of 
postnatal life in moderately preterm neonates. Arch Dis Child Fetal Neonatal Ed 
2009; 94(1): F39-44. 

37. Karl S, Li Wai Suen CS, Unger HW, et al. Preterm or not--an evaluation of estimates 
of gestational age in a cohort of women from Rural Papua New Guinea. PLoS One 
2015; 10(5): e0124286. 

38. Moraes CL, Reichenheim ME. Validity of neonatal clinical assessment for estimation 
of gestational age: comparison of new ++Ballard+ score with date of last menstrual 
period and ultrasonography. Cad Saude Publica 2000; 16(1): 83-94. 

39. March of Dimes, PMNCH, Save the children, WHO. Born Too Soon: The Global 
action report on preterm Birth. Geneva: World Health Organization, 2012. 

40. Namiiro FB, Mugalu J, McAdams RM, Ndeezi G. Poor birth weight recovery among 
low birth weight/preterm infants following hospital discharge in Kampala, Uganda. 
BMC Pregnancy Childbirth 2012; 12: 1. 

41. Sankar MJ, Natarajan CK, Das RR, Agarwal R, Chandrasekaran A, Paul VK. When 
do newborns die? A systematic review of timing of overall and cause-specific 
neonatal deaths in developing countries. J Perinatol 2016; 36 Suppl 1(Suppl 1): S1-
s11. 

42. Lawn JE, Blencowe H, Darmstadt GL, Bhutta ZA. Beyond newborn survival: the 
world you are born into determines your risk of disability-free survival. Pediatr Res 
2013; 74 Suppl 1: 1-3. 

43. United Nations, Department of Economic and Social Affairs, (2013). PD. World 
Mortality Report 2013 (United Nations publication), 2013. 

44. Oestergaard MZ, Inoue M, Yoshida S, et al. Neonatal mortality levels for 193 
countries in 2009 with trends since 1990: a systematic analysis of progress, 
projections, and priorities. PLoS Med 2011; 8(8): e1001080. 

45. Haidong W, Christopher JLM, Nancy F, Alan DL, GBD CMC. Global, regional, 
national, and selected subnational levels of stillbirths, neonatal, infant, and under-5 
mortality, 1980-2015: a systematic analysis for the Global Burden of Disease Study 
2015. Lancet 2016; 388(10053): 1725-74. 

46. Lawn JE, Kerber K, Enweronu-Laryea C, Massee Bateman O. Newborn survival in 
low resource settings--are we delivering? BJOG 2009; 116 Suppl 1: 49-59. 

47. Lawn JE, Davidge R, Paul VK, et al. Born too soon: care for the preterm baby. 
Reprod Health 2013; 10 Suppl 1: S5. 



Small newborns in post‐conflict northern Uganda 

81 

48. McKinnon B, Harper S, Kaufman JS, Bergevin Y. Socioeconomic inequality in 
neonatal mortality in countries of low and middle income: a multicountry analysis. 
Lancet Glob Health 2014; 2(3): e165-73. 

49. Lawn JE, Cousens S, Zupan J, Lancet Neonatal Survival Steering T. 4 million 
neonatal deaths: when? Where? Why? Lancet 2005; 365(9462): 891-900. 

50. Meher S, Alfirevic Z. Choice of primary outcomes in randomised trials and 
systematic reviews evaluating interventions for preterm birth prevention: a systematic 
review. BJOG 2014; 121(10): 1188-94; discussion 95-6. 

51. Chowdhury HR, Thompson S, Ali M, Alam N, Yunus M, Streatfield PK. Causes of 
neonatal deaths in a rural subdistrict of Bangladesh: implications for intervention. J 
Health Popul Nutr 2010; 28(4): 375-82. 

52. Joanne Katz, Anne Cc Lee, Naoko Kozuki, et al. Mortality risk in preterm and small-
for-gestational-age infants in low-income and middle-income countries: a pooled 
country analysis. Lancet 2013; 3(;82(9890)): 417-25. 

53. Blencowe H, Cousens S, Chou D, et al. Born too soon: the global epidemiology of 15 
million preterm births. Reprod Health 2013; 10(Suppl 1): S2. 

54. Stoltzfus RJ, Rasmussen KM. The dangers of being born too small or too soon. 
Lancet 2013; 382(9890): 380-1. 

55. Blencowe H, Vos T, Lee AC, et al. Estimates of neonatal morbidities and disabilities 
at regional and global levels for 2010: introduction, methods overview, and relevant 
findings from the Global Burden of Disease study. Pediatr Res 2013; 74 Suppl 1: 4-
16. 

56. Murray CJL, King G, Lopez AD, Tomijima N, EG. K. Armed conflict as a public 
health problem. BMJ 2002; 324(7333): 346–9. 

57. Chiabi A, Nguefack S, Mah E, et al. Risk factors for birth asphyxia in an urban health 
facility in cameroon. Iran J Child Neurol 2013; 7(3): 46-54. 

58. Majeed R, Memon Y, Majeed F, Shaikh NP, Rajar UD. Risk factors of birth 
asphyxia. J Ayub Med Coll Abbottabad 2007; 19(3): 67-71. 

59. Stanley CA, Rozance PJ, Thornton PS, et al. Re-evaluating "transitional neonatal 
hypoglycemia": mechanism and implications for management. J Pediatr 2015; 
166(6): 1520-5 e1. 

60. Thornton PS, Stanley CA, De Leon DD, et al. Recommendations from the Pediatric 
Endocrine Society for Evaluation and Management of Persistent Hypoglycemia in 
Neonates, Infants, and Children. J Pediatr 2015; 167(2): 238-45. 

61. Dalgic N, Ergenekon E, Soysal S, Koc E, Atalay Y, Gucuyener K. Transient neonatal 
hypoglycemia--long-term effects on neurodevelopmental outcome. J Pediatr 
Endocrinol Metab 2002; 15(3): 319-24. 

62. Hedderson MM, Weiss NS, Sacks DA, et al. Pregnancy weight gain and risk of 
neonatal complications: macrosomia, hypoglycemia, and hyperbilirubinemia. Obstet 
Gynecol 2006; 108(5): 1153-61. 

63. Thornton PS. Neonates at risk for hypoglycemia: associated neurological outcomes. J 
Pediatr 2016; 170: 343-4. 

64. Alkalay AL, Sarnat HB, Flores-Sarnat L, Simmons CF. Neurologic aspects of 
neonatal hypoglycemia. Isr Med Assoc J 2005; 7(3): 188-92. 



Beatrice Odongkara 

82 

65. Kanhere S. Recent advances in neonatal seizures. Indian J Pediatr 2014; 81(9): 917-
25. 

66. Per H, Kumandas S, Coskun A, Gumus H, Oztop D. Neurologic sequelae of neonatal 
hypoglycemia in Kayseri, Turkey. J Child Neurol 2008; 23(12): 1406-12. 

67. Wong DS, Poskitt KJ, Chau V, et al. Brain injury patterns in hypoglycemia in 
neonatal encephalopathy. AJNR Am J Neuroradiol 2013; 34(7): 1456-61. 

68. Yalnizoglu D, Haliloglu G, Turanli G, Cila A, Topcu M. Neurologic outcome in 
patients with MRI pattern of damage typical for neonatal hypoglycemia. Brain Dev 
2007; 29(5): 285-92. 

69. Hull J, Dodd K. What is birth asphyxia? Br J Obstet Gynaecol 1991; 98(10): 953-5. 

70. Aslam HM, Saleem S, Afzal R, et al. "Risk factors of birth asphyxia". Ital J Pediatr 
2014; 40: 94. 

71. Lawn JE, Lee AC, Kinney M, et al. Two million intrapartum-related stillbirths and 
neonatal deaths: where, why, and what can be done? Int J Gynaecol Obstet 2009; 107 
Suppl 1: S5-18, S9. 

72. Wiswell TE. Neonatal resuscitation. Respir Care 2003; 48(3): 288-94; discussion 94-
5. 

73. Barros FC, Bhutta ZA, Batra M, et al. Global report on preterm birth and stillbirth (3 
of 7): evidence for effectiveness of interventions. BMC Pregnancy Childbirth 2010; 
10 Suppl 1: S3. 

74. Victora CG, Rubens CE, Group. GR. Global report on preterm birth and stillbirth (4 
of 7): delivery of interventions. BMC Pregnancy Childbirth 2010; 10 Suppl 1: S4. 

75. Laptook AR. Birth Asphyxia and Hypoxic-Ischemic Brain Injury in the Preterm 
Infant. Clinics in Perinatology 2016; 43(3): 529-45. 

76. Muttitt SC, Taylor MJ, Kobayashi JS, MacMillan L, Whyte HE. Serial visual evoked 
potentials and outcome in term birth asphyxia. Pediatr Neurol 1991; 7(2): 86-90. 

77. Shah GS, Singh R, Das BK. Outcome of newborns with birth asphyxia. JNMA J 
Nepal Med Assoc 2005; 44(158): 44-6. 

78. Zaryab Iqbal and, Zorn. C. Violent conflict and the spread of HIV in Africa. The 
Journal of Politics 2010; 72: 149-62. 

79. Ghobarah HA, Huth P, Russett B. The post-war public health effects of civil conflict. 
Soc Sci Med 2004; 59(4): 869-84. 

80. Nils Peter G, Peter W, Mikael E, Margareta Sa, Havard S. Armed Conflicts 1949-
2001: New dataset. Journal of Peace Research 2002; ; 2002; 39: 615. 

81. Lotta Tr, Peter W. Armed Conflicts, 1946–2012. Journal of Peace Research 2013; 
50(4): 509–21. 

82. United Nations, Department of Economic and Social Affairs, Division. P. World 
Population Prospects: The 2006 Revision, vol. I, Comprehensive Tables (United 
Nations publication, Sales No. E.07.XIII.2). New York: United Nations. Department 
of Economic and Social Affairs. Population Division, 2007. 

83. Zaryab I. Health and Human Security: The Public Health Impact of Violent Conflict. 
International Studies Quarterly 2006; 50: 631–49. 



Small newborns in post‐conflict northern Uganda 

83 

84. Quan La, Ming W. The Immediate and Lingering Effects of Armed Conflict on Adult 
Mortality: A Time-Series Cross-National Analysis. Journal of Peace Research 2005; 
42(4): 471–92. 

85. Plümper Ta, Neumayer E. The unequal burden of war: the effect of armed conflict on 
the gender gap in life expectancy. 2006; 60(3): 723-54. 

86. Betsi NA, Koudou BG, Cisse G, et al. Effect of an armed conflict on human 
resources and health systems in Cote d'Ivoire: prevention of and care for people with 
HIV/AIDS. AIDS Care 2006; 18(4): 356-65. 

87. Sadako O, Amartya S, Lakhdar B, Lincoln CC, Bronislaw Ga, Commission on 
Human Security. Human Security Now. New York, 2003. 

88. Toole M. War and Public Health: Updated edition. Washington DC: American Public 
Health Association; 2000. 

89. Verwimp P. Death and survival during the 1994 genocide in Rwanda. Popul Stud 
(Camb) 2004; 58(2): 233-45. 

90. Kati Sa, Tilman B. Policy Research Working Paper: The Effects of Conflict on 
Fertility in Rwanda: World Bank, 2011. 

91. Laurie FDa, Øystein K. Educational Reversals and First-Birth Timing in Sub-Saharan 
Africa: A Dynamic Multilevel Approach. Demography 2007; 44(1): 59-77. 

92. UNICEF. State of the world's chidlren 2009: Maternal and newborn health. New 
York: United Nations, 2009. 

93. Primus CC, Patience B, Henrik U, Johanne S. A qualitative study exploring the 
determinants of maternal health service uptake in post-conflict Burundi and Northern 
Uganda. BMC Pregnancy and Childbirth 2015; (18): 189. 

94. Ministry of Health. Uganda 1988/89: results from the Demographic and Health 
Survey. Stud Fam Plann 1991; 22(3): 198-202. 

95. Ministry of Health. Uganda 1995: results from the Demographic and Health Survey. 
Stud Fam Plann 1997; 28(2): 156-60. 

96. Ministry of Health. Uganda 2000-2001: results from the Demographic and Health 
Survey. Stud Fam Plann 2004; 35(1): 70-4. 

97. Ministry of Health. Health Sector Strategic Plan II Kampala: Ministry of Health 
(MoH), 2005/06 – 2009/2010. 

98. Ministry of Health. Situation analysis of newborn health in Uganda: current status 
and opportunities to improve care and survival. Kampala: Government of Uganda, 
Save the Children, UNICEF, WHO., 2008. 

99. Uganda Bureau of Statistics. The National Population and Housing Census 2014-
Main Report. Kampala Uganda, 2016. 

100. Kinney MV, Cocoman O, Dickson KE, et al. Implementation of the Every Newborn 
Action Plan: Progress and lessons learned. Semin Perinatol 2015; 39(5): 326-37. 

101. Lawn JE, Kinney MV, Belizan JM, et al. Born too soon: accelerating actions for 
prevention and care of 15 million newborns born too soon. Reprod Health 2013; 10 
Suppl 1: S6. 

102. Singhal N, Lockyer J, Fidler H, et al. Helping Babies Breathe: global neonatal 
resuscitation program development and formative educational evaluation. 
Resuscitation 2012; 83(1): 90-6. 



Beatrice Odongkara 

84 

103. Bhutta ZA, Das JK, Bahl R, et al. Can available interventions end preventable deaths 
in mothers, newborn babies, and stillbirths, and at what cost? Lancet 2014; 
384(9940): 347-70. 

104. Lassi ZS, Bhutta ZA. Community-based intervention packages for reducing maternal 
and neonatal morbidity and mortality and improving neonatal outcomes. Cochrane 
Database Syst Rev 2015; (3): CD007754. 

105. Bhutta ZA, Salam RA, Lassi ZS, Austin A, Langer A. Approaches to improve quality 
of care (QoC) for women and newborns: conclusions, evidence gaps and research 
priorities. Reprod Health 2014; 11 Suppl 2: S5. 

106. Dumont A, Fournier P, Abrahamowicz M, et al. Quality of care, risk management, 
and technology in obstetrics to reduce hospital-based maternal mortality in Senegal 
and Mali (QUARITE): a cluster-randomised trial. Lancet 2013; 382(9887): 146-57. 

107. Namazzi G, N KS, Peter W, et al. Stakeholder analysis for a maternal and newborn 
health project in Eastern Uganda. BMC Pregnancy Childbirth 2013; 13: 58. 

108. HNN. Helping Babies Breathe. 2021. 
https://www.healthynewbornnetwork.org/partner/helping-babies-breathe/2021). 

109. Berkelhamer SK, Kamath-Rayne BD, Niermeyer S. Neonatal Resuscitation in Low-
Resource Settings. Clin Perinatol 2016; 43(3): 573-91. 

110. Opiyo N, English M. In-service training for health professionals to improve care of 
seriously ill newborns and children in low-income countries. Cochrane Database of 
Systematic Reviews 2015; (5): 53. 

111. Cusack J, Fawke J. Neonatal resuscitation: are your trainees performing as you think 
they are? A retrospective review of a structured resuscitation assessment for neonatal 
medical trainees over an 8-year period. Arch Dis Child Fetal Neonatal Ed 2012; 
97(4): F246-8. 

112. Musafili A, Essen B, Baribwira C, et al. Evaluating Helping Babies Breathe: training 
for healthcare workers at hospitals in Rwanda. Acta Paediatr 2013; 102(1): e34-8. 

113. Reisman J, Arlington L, Jensen L, et al. Newborn Resuscitation Training in 
Resource-Limited Settings: A Systematic Literature Review. Pediatrics 2016; 
138(2). 

114. Ellard DR, Shemdoe A, Mazuguni F, et al. Can training non-physician 
clinicians/associate clinicians (NPCs/ACs) in emergency obstetric, neonatal care and 
clinical leadership make a difference to practice and help towards reductions in 
maternal and neonatal mortality in rural Tanzania? The ETATMBA project. BMJ 
Open 2016; 6(2). 

115. Ersdal HL, Vossius C, Bayo E, et al. A one-day “Helping Babies Breathe” course 
improves simulated performance but not clinical management of neonates. 
Resuscitation 2013; 84(10): 1422-7. 

116. Seaton SE, Barker L, Draper ES, et al. Modelling Neonatal Care Pathways for Babies 
Born Preterm: An Application of Multistate Modelling. PLoS One 2016; 11(10): 
e0165202. 

117. Wall SN, Lee AC, Niermeyer S, et al. Neonatal resuscitation in low-resource 
settings: what, who, and how to overcome challenges to scale up? Int J Gynaecol 
Obstet 2009; 107 Suppl 1: S47-62, S3-4. 



Small newborns in post‐conflict northern Uganda 

85 

118. Tataranno ML, Oei JL, Perrone S, et al. Resuscitating preterm infants with 100% 
oxygen is associated with higher oxidative stress than room air. Acta Paediatr 2015; 
104(8): 759-65. 

119. Kapadia VS, Chalak LF, Sparks JE, Allen JR, Savani RC, Wyckoff MH. 
Resuscitation of preterm neonates with limited versus high oxygen strategy. 
Pediatrics 2013; 132(6): e1488-96. 

120. Rook D, Schierbeek H, van der Eijk AC, et al. Resuscitation of very preterm infants 
with 30% vs. 65% oxygen at birth: study protocol for a randomized controlled trial. 
Trials 2012; 13: 65. 

121. Murray CJ, Vos T, Lozano R, et al. Disability-adjusted life years (DALYs) for 291 
diseases and injuries in 21 regions, 1990-2010: a systematic analysis for the Global 
Burden of Disease Study 2010. Lancet 2012; 380(9859): 2197-223. 

122. Rosling H. Birth rates decreases with decreasing child mortality. 2015. 
https://www.gapminder.org/tools/#_locale_id=en;&state_marker_axis/_x_which=chil
dren/_per/_woman/_total/_fertility (accessed 08/09 2017). 

123. Darmstadt GL, Lee ACC, Cousens S, et al. 60 million non-facility births: Who can 
deliver in community settings to reduce intrapartum-related deaths? International 
Journal of Gynecology & Obstetrics 2009; 107, Supplement: S89-S112. 

124. Hanvey L. Breathing new life into neonatal resuscitation guidelines. Dimens Health 
Serv 1988; 65(1): 8-9. 

125. Arabi AME, Ibrahim SA, Ahmed SE, et al. Skills retention in Sudanese village 
midwives 1 year following Helping Babies Breathe training. Archives of Disease in 
Childhood 2016; 101(5): 439-42. 

126. Carlo WA, Wright LL, Chomba E, et al. Educational impact of the neonatal 
resuscitation program in low-risk delivery centers in a developing country. J Pediatr 
2009; 154(4): 504-8 e5. 

127. Seto TL, Tabangin ME, Josyula S, Taylor KK, Vasquez JC, Kamath-Rayne BD. 
Educational outcomes of Helping Babies Breathe training at a community hospital in 
Honduras. Perspect Med Educ 2015; 4(5): 225-32. 

128. Velaphi S, Pattinson R. Avoidable factors and causes of neonatal deaths from 
perinatal asphyxia-hypoxia in South Africa: national perinatal survey. Ann Trop 
Paediatr 2007; 27(2): 99-106. 

129. Bream KD, Gennaro S, Kafulafula U, Mbweza E, Hehir D. Barriers to and 
facilitators for newborn resuscitation in Malawi, Africa. J Midwifery Womens Health 
2005; 50(4): 329-34. 

130. Homer CS, Passant L, Kildea S, et al. The development of national competency 
standards for the midwife in Australia. Midwifery 2007; 23(4): 350-60. 

131. APA. Thesaurus of Psychological Index Terms, Eleventh Edition; 2007. 

132. Gardner R. Introduction to debriefing. Semin Perinatol 2013; 37(3): 166-74. 

133. Fanning RM, Gaba DM. The role of debriefing in simulation-based learning. Simul 
Healthc 2007; 2(2): 115-25. 

134. Reed SJ, Andrews CM, Ravert P. Debriefing Simulations: Comparison of Debriefing 
with Video and Debriefing Alone. Clinical Simulation in Nursing 2013; 9(12): E585-
E91. 



Beatrice Odongkara 

86 

135. Eppich W, Cheng A. Promoting Excellence and Reflective Learning in Simulation 
(PEARLS): development and rationale for a blended approach to health care 
simulation debriefing. Simul Healthc 2015; 10(2): 106-15. 

136. Eppich WJ, Hunt EA, Duval-Arnould JM, Siddall VJ, Cheng A. Structuring feedback 
and debriefing to achieve mastery learning goals. Acad Med 2015; 90(11): 1501-8. 

137. ICF UBoSUa. Uganda Demographic and Health Survey 2016. Kampala Uganda and, 
Rockville Maryland USA.: UBOS and ICF, 2018. 

138. Hemming K, Girling AJ, Sitch AJ, et al. Sample size calculations for cluster 
randomised controlled trials with a fixed number of clusters. BMC Med Res Methodol 
2011; 11: 102. 

139. AAP. Knowledge check (HBB 2nd Edition). 2016. 
https://www.healthynewbornnetwork.org/hnn-content/uploads/HBB_Knowledge-
check_2016-1.pdf (accessed 28th July 2017). 

140. Kirkpatrick DL., Kirkpatrick JD. Implementing the four levels: A practical guide for 
evaluation of training programs. 1st ed. San Francisco, California: Berrett-Koehler 
Publishers, Inc.; 2007. 

141. Imperial College London. London Handbook of Debriefing: Enhancing performance 
debriefing in clinical and simulated settings. London: Imperial College London; 
2019. 

142. Mukunya D, Odongkara B, Piloya T, et al. Prevalence and factors associated with 
neonatal hypoglycemia in Northern Uganda: a community-based cross-sectional 
study. Trop Med Health 2020; 48(1): 89. 

143. Moher D, Hopewell S, Schulz KF, et al. CONSORT 2010 explanation and 
elaboration: updated guidelines for reporting parallel group randomised trials. Int J 
Surg 2012; 10(1): 28-55. 

144. Schulz KF, Altman DG, Moher D, et al. CONSORT 2010 statement: updated 
guidelines for reporting parallel group randomised trials. Int J Surg 2011; 9(8): 672-
7. 

145. Odongkara B, Tylleskar T, Pejovic N, Achora V, Nankabirwa V, al e. Adding video-
debriefing to helping babies breather training enhanced retention pf neonatal 
resuscitation knowledge and skills among health workers in Uganda: a cluster 
randomized trial. Glob Health Action 2020 Dec 31; 13(1): 1743496 2020; 13(1): 
1743496. 

146. Chawanpaiboon S, Vogel JP, Moller AB, et al. Global, regional, and national 
estimates of levels of preterm birth in 2014: a systematic review and modelling 
analysis. Lancet Glob Health 2019; 7(1): e37-e46. 

147. UNICEF. Maternal and newborn health disparities in Uganda. 2019 Dec 27 2021. 
https://data.unicef.org/resources/maternal-newborn-health-disparities-country-
profiles/. 

148. Bater J, Lauer JM, Ghosh S, et al. Predictors of low birth weight and preterm birth in 
rural Uganda: Findings from a birth cohort study. PLoS One 2020; 15(7): e0235626. 

149. Pusdekar YV, Patel AB, Kurhe KG, et al. Rates and risk factors for preterm birth and 
low birthweight in the global network sites in six low- and low middle-income 
countries. Reprod Health 2020; 17(Suppl 3): 187. 



Small newborns in post‐conflict northern Uganda 

87 

150. Widiyanto J, Lismawati G. Maternal age and anemia are risk factors of low 
birthweight of newborn. Enferm Clin 2019; 29 Suppl 1: 94-7. 

151. Ananth CV, Getahun D, Peltier MR, Salihu HM, Vintzileos AM. Recurrence of 
spontaneous versus medically indicated preterm birth. American Journal of 
Obstetrics and Gynecology 2006; 195(3): 643-50. 

152. Jay DI, Goldenberg RL, Mercer BM, et al. The Preterm Prediction Study: Recurrence 
risk of spontaneous preterm birth. American Journal of Obstetrics and Gynecology 
1998; 178(5): 1035-40. 

153. Morgan HG. Placental malaria and low birthweight neonates in urban Sierra Leone. 
Ann Trop Med Parasitol 1994; 88(6): 575-80. 

154. Toure OA, CB CK, Kouame VN, et al. Risk factors for placental malaria and 
associated low birth weight in a rural high malaria transmission setting of Cote 
d'Ivoire. Trop Parasitol 2020; 10(2): 102-8. 

155. Araya B, Díaz M, Paredes Da, Ortiz J. Association between preterm birth and its 
subtypes and maternal sociodemographic characteristics during the post-transitional 
phase in a developing country with a very high human development index. Public 
Health 2017; 147: 39-46. 

156. Delnord M, Blondel B, Prunet C, Zeitlin J. Are risk factors for preterm and early-
term live singleton birth the same? A population-based study in France. BMJ Open 
2018; 8(1): e018745. 

157. Rahman A, Rahman M, Pervin J, et al. Time trends and sociodemographic 
determinants of preterm births in pregnancy cohorts in Matlab, Bangladesh, 1990-
2014. BMJ Glob Health 2019; 4(4): e001462. 

158. Cappelletti M, Della Bella S, Ferrazzi E, Mavilio D, Divanovic S. Inflammation and 
preterm birth. J Leukoc Biol 2016; 99(1): 67-78. 

159. Gronvik Ta, Fossgard Sandoy I. Complications associated with adolescent 
childbearing in Sub-Saharan Africa: A systematic literature review and meta-
analysis. PLoS One 2018; 13(9): e0204327. 

160. Kassa GM, Arowojolu AO, Odukogbe AA, Yalew AW. Adverse neonatal outcomes 
of adolescent pregnancy in Northwest Ethiopia. PLoS One 2019; 14(6): e0218259. 

161. Rubens CE, Sadovsky Y, Muglia L, Gravett MG, Lackritz E, Gravett C. Prevention 
of preterm birth: harnessing science to address the global epidemic. Sci Transl Med 
2014; 6(262): 262sr5. 

162. Hediger ML, Scholl TO, Schall JI, Krueger PM. Young maternal age and preterm 
labor. Ann Epidemiol 1997; 7(6): 400-6. 

163. Shahabuddin A, De Brouwere V, Adhikari R, Delamou A, Bardaji A, Delvaux T. 
Determinants of institutional delivery among young married women in Nepal: 
Evidence from the Nepal Demographic and Health Survey, 2011. BMJ Open 2017; 
7(4): e012446. 

164. Shahabuddin A, Nostlinger C, Delvaux T, et al. Exploring Maternal Health Care-
Seeking Behavior of Married Adolescent Girls in Bangladesh: A Social-Ecological 
Approach. PLoS One 2017; 12(1): e0169109. 

165. Perez MJ, Chang JJ, Temming LA, et al. Driving Factors of Preterm Birth Risk in 
Adolescents. AJP Rep 2020; 10(3): e247-e52. 



Beatrice Odongkara 

88 

166. James WH. Is male sex an independent risk factor for preterm birth? Am J Obstet 
Gynecol 2002; 186(3): 594. 

167. Haiqing Xu, Qiong Dai, Yusong Xu, et al. Time trends and risk factor associated 
with premature birth and infants deaths due to prematurity in Hubei Province, China 
from 2001 to 2012. BMC Pregnancy and Childbirth 2015; 15:: 329  

168. Yadav J, Shekhar C, Bharati K. Variation and determinants of early initiation of 
breastfeeding in high and low neonatal mortality settings in India. J Biosoc Sci 2022; 
54(2): 199-216. 

169. Deepika Phukan, Ranjan M, LK. D. Impact of timing of breastfeeding initiation on 
neonatal mortality in India. International Breastfeeding Journal 2018; 13: 27. 

170. Cesar G Victoria, Rajiv Bahl, Aluisio JD Barros, et al. Breastfeeding in the 21st 
century: epidemiology, mechanisms, and lifelong effect. Lancet 2016; 387(10017): 
475-90. 

171. Khan J, Vesel L, Bahl R, Martines JC. Timing of breastfeeding initiation and 
exclusivity of breastfeeding during the first month of life: effects on neonatal 
mortality and morbidity--a systematic review and meta-analysis. Matern Child 
Health J 2015; 19(3): 468-79. 

172. Nagai T, Sobajima H, Iwasa M, et al. Neonatal sudden death due to Legionella 
pneumonia associated with water birth in a domestic spa bath. J Clin Microbiol 2003; 
41(5): 2227-9. 

173. Dassios T, Refaey M, Kametas N, Bhat R, Greenough A. Adverse neonatal outcomes 
and house prices in London. J Perinat Med 2018; 47(1): 99-105. 

174. Fagbamigbe AF, Bamgboye EA, Yusuf BO, et al. The Nigeria wealth distribution 
and health seeking behaviour: evidence from the 2012 national HIV/AIDS and 
reproductive health survey. Health Econ Rev 2015; 5: 5. 

175. Bahendeka S, Wesonga R, Mutungi G, Muwonge J, Neema S, D. G. Prevalence and 
correlates of diabetes mellitus in Uganda: a population based national survey. Trop 
Med Int Health 2016; 21(3): 405–16. 

176. Sasidharan CK, Gokul E, S. S. Incidence and risk factors for neonatal hypoglycemia 
in Kerala, India. Ceylon Med J 2004; 49(4): 110–3. 

177. DePuy AM, Coassolo KM, Som DA, JC. S. Neonatal hypoglycemia in term, 
nondiabetic pregnancies. Am J Obstet Gynecol 2009; 200(5): e45–51. 

178. Harding JE, Harris DL, Hegarty JE, Alsweiler JM, McKinlay CJ. An emerging 
evidence base for the management of neonatal hypoglycaemia. Early Hum Dev 2017; 
104: 51-6. 

179. Harris DL, Weston PJ, Gamble GD, Harding JE. Glucose Profiles in Healthy Term 
Infants in the First 5 Days: The Glucose in Well Babies (GLOW) Study. J Pediatr 
2020; 223: 34-41 e4. 

180. Harris DL, Weston PJ, Harding JE. Incidence of neonatal hypoglycemia in babies 
identified as at risk. J Pediatr 2012; 161(5): 787-91. 

181. Vain NE, Chiarelli F. Neonatal Hypoglycaemia: A Never-Ending Story? 
Neonatology 2021: 1-8. 

182. Thompson-Branch A, Havranek T. Neonatal hypoglycemia. Pediatr Rev 2017; 38(4): 
147–57. 



Small newborns in post‐conflict northern Uganda 

89 

183. Stewart CE, Sage EL, Reynolds P. Supporting 'Baby Friendly': a quality 
improvement initiative for the management of transitional neonatal hypoglycaemia. 
Arch Dis Child Fetal Neonatal Ed 2016; 101(4): F344-7. 

184. Arhan E, Ozturk Z, Serdaroglu A, Aydin K, Hirfanoglu T, Akbas Y. Neonatal 
hypoglycemia: A wide range of electroclinical manifestations and seizure outcomes. 
Eur J Paediatr Neurol 2017; 21(5): 738-44. 

185. Tasew H, Gebrekristos K, Kidanu K, Mariye T, G. T. Determinants of hypothermia 
on neonates admitted to the intensive care unit of public hospitals of Central Zone, 
Tigray, Ethiopia 2017: unmatched case-control study. BMC Res Notes 2018; 11(1): 
576. 

186. Samayam P, Ranganathan PK, Kotari UD, Balasundaram R. Study of Asymptomatic 
Hypoglycemia in Full Term Exclusively Breastfed Neonates in First 48 Hours of 
Life. J Clin Diagn Res 2015; 9(9): SC07-10. 

187. Edwards T, Harding JE. Clinical Aspects of Neonatal Hypoglycemia: A Mini 
Review. Front Pediatr 2020; 8: 562251. 

188. Tabangin ME, Josyula S, Taylor KK, et al. Resuscitation skills after Helping Babies 
Breathe training: a comparison of varying practice frequency and impact on retention 
of skills in different types of providers. Int Health 2018; 10(3): 163-71. 

189. Bang A, Patel A, Bellad R, et al. Helping Babies Breathe (HBB) training: What 
happens to knowledge and skills over time? BMC Pregnancy Childbirth 2016; 16(1): 
364. 

190. Bhutta Z. What will it take to avert preventable newborn deaths and stillbirths and at 
what cost? Lancet 2014. 

191. Mikołajewska K, Stragierowicz J, Gromadzińska J. Bisphenol A - Application, 
sources of exposure and potential risks in infants, children and pregnant women. Int J 
Occup Med Environ Health 2015; 28(2): 209-41. 

192. WHO. New WHO recommendations for the care of preterm or low birthweight 
infants have the potential to transform maternal and newborn health-care delivery. 
Lancet 2022; 400. 

193. David D. Celentano, Moyses S. Gordis Epidemiology. 6th ed. Philadelphia: Elsevier; 
2019. 

194. Andrea GB, Ibrahim T, Moussa D, Fadima CH, Flanon C, al. e. Clinical evaluation 
have low sensitivity for identifying preterm infants in clinical trial in limited resource 
settings. Global Public Health 2019; 6: 1-8. 

195. Ananth CV, EF. S. Confounding, causality, and confusion: the role of intermediate 
variables in interpreting observational studies in obstetrics. Am J Obstet Gynecol 
2017; 217(2): 167–75. 

 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I 





 

1 
 

Incidence and risk factors for low birthweight and preterm birth in post-conflict 
Northern Uganda: a community-based cohort study 

Authors’ list 

Beatrice Odongkara1,2,3,*, Victoria Nankabirwa2, 4, Grace Ndeezi 3, Vincentina Achora5,6, Anna Agnes 

Arach7, Agnes Napyo8, Milton Musaba8, David Mukunya8, James K Tumwine3 and Tylleskar 

Thorkild 2. 

Affiliations:  

1Department of Paediatrics and Child Health, Faculty of Medicine, Gulu University, 

Gulu, Uganda 
2Centre for International Health, University of Bergen, Bergen, Norway 
3Department of Paediatrics and Child Health, School of Medicine, College of Health 

Sciences, Makerere University, Kampala, Uganda 
4School of Public Health, College of Health Sciences, Makerere University, Kampala, 

Uganda,  
5Department of Obstetrics and Gynaecology, Faculty of Medicine, Gulu University, 

Gulu, Uganda 
6Department of Obstetrics and Gynaecology, School of Medicine, College of Health 

Sciences, Makerere University, Kampala, Uganda 
7Department of Midwifery, Lira University, Lira, Uganda 
8Department of Public Health, College of Health Sciences, Busitema University, 

Mbale, Uganda 
1*corresponding author: beatrice.odongkara@gu.ac.ug, beachristo2003@gmail.com 

 

 

 

 



 

2 
 

Abstract  

Background  

Annually, an estimated 20 million (13%) low birthweight (LBW) and 15 million 
(11.1%) preterm infants are born worldwide. The paucity of data and reliance on 
hospital-based studies from low-income countries make it difficult to quantify the true 
burden of LBW and PB, the leading cause of neonatal and under-five mortality. We 
aimed to determine the incidence and risk factors for LBW and preterm birth in Lira 
district of Northern Uganda. 

Methods 

This was a community-based cohort study, nested within a cluster-randomized trial, 
designed to study the effect of a combined intervention on facility-based births. In 
total, 1877 pregnant women were recruited into the trial and followed from >28 weeks 
of gestation until birth. Infants of 1556 of these women had their birthweight recorded 
and 1279 infants were assessed for preterm birth using a maturity rating, the New 
Ballard Scoring system. Low birthweight was defined as birthweight <2.5kg and 
preterm birth was defined as birth before 37 completed weeks of gestation. The risk 
factors for low birthweight and preterm birth were analysed using a multivariable 
generalized estimation equation for the Poisson family.  

Results  

The incidence of LBW was 121/1556 or 7.3% (95% Confidence interval (CI): 5.4% – 
9.6%). The incidence of preterm births was 53/1279 or 5.0% (95% CI: 3.2% – 7.7%). 
Risk factors for LBW were maternal age ≥35 years (adjusted Risk Ratio or aRR: 1.9, 
95% CI: 1.1–3.4), history of a small newborn (aRR: 2.1, 95% CI: 1.2 – 3.7), and 
maternal malaria in pregnancy (aRR: 1.7, 95% CI: 1.01 – 2.9). Intermittent preventive 
treatment (IPT) for malaria, on the other hand, was associated with a reduced risk of 
LBW (aRR: 0.6, 95% CI: 0.4 – 0.8). Risk factors for preterm birth were maternal HIV 
infection (aRR: 2.9, 95% CI: 1.1 – 7.3) while maternal education for ≥7 years was 
associated with a reduced risk of preterm birth (aRR: 0.2, 95% CI: 0.1 – 0.98) in post-
conflict northern Uganda.  

Conclusion  

The incidence of LBW and PB were low, compared to the national, sub-Saharan 
Africa and global estimates – possibly due to methodological limitations. Advanced 
maternal age ≥ 35 years and history of a small newborn were associated with 
increased risk of low birthweight. Maternal formal education for ≥7 years was 
associated with a reduced risk of LBW and PB while HIV infection was associated 
with an increased risk of PB. 

 

Key words: Preterm birth, low birthweight, risk factors, community-based, cohort 
study. 
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Introduction 
Of the 140 million infants born worldwide in 2014, an estimated 20 million (13%) low 

birthweight (<2.5 kg).1 Ninety percent (18/20 million) of LBW infants were born in 

low- and middle-income countries (LMICs).2 In sub-Saharan Africa, LBW prevalence 

varied from 7.0% to 18.0%, with the highest prevalence observed in malaria-based 

studies in Tanzania.2 According to the Uganda Bureau of Statistics (UBOS) 2011, 

10.4% of all live-born infants nationwide and 11.4% in the northern part of the 

country are LBW.3 Low birthweight may be a result of foetal growth restriction (also 

called intrauterine growth restriction, IUGR), preterm birth (birth before 37 weeks of 

gestation) or a combination of these. About 41% of LBW infants are estimated to be 

preterm.4 IUGR is foetal weight <10 centile of the normal weight for gestational age 

while SGA is weight <10th centile at birth.5 Assessment of foetal growth requires 

antenatal ultrasound scanning which may be scarce or unavailable in low-resource 

settings.  

In 2010, an estimated 15 (uncertainty range 12–18) million preterm infants were born 

worldwide.6 The global PB estimates ranges from 5% in Europe to 18% in some sub-

Saharan African countries.6 Sub-Saharan Africa and South Asia contribute 52% - 60% 

of the global PB burden.6 In Uganda, reports of the proportion of PBs range from 

4.1% to 15%.6,7 In communities of post-conflict northern Uganda, however, its true 

burden is unknown. 

Multiple maternal and fetal causes of LBW and/or PB (small birth size) have been 

described.8 The age of the mother, either young (teenage 12-16 years) or old (≥35 

years) has been linked to increased risk of small birth size.9,10 Low maternal socio-

economic and education status has been associated with small birth size.11-14 

Furthermore, maternal ill-health during pregnancy such as malaria and HIV infection, 

low body mass index (BMI) or low gestational weight gain, and hypertension have 

also been associated with small birth size.15,16 A history of having given birth 

previously to a small infant has also been associated with LBW and/or PB recurrence 

in subsequent pregnancies.16,17 Whereas some studies report increased risk of small 

birth size among women who do excessive physical work, a 2013 meta-analysis found 
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little to no effect of the same on small birth sizes.18 Foetal factors associated with 

LBW and PB include: congenital malformations, multiple foetuses, and genetic 

factors.19,20  

In high-income countries, common causes of small birth size include provider-

initiated caesarean section and assisted reproduction,8 while in low-resource settings, 

it is related to maternal infections, low socio-economic status, malnutrition, and 

history of preterm birth or low birthweight.8 In post-conflict northern Uganda, 

however, the social disruption, lack of schooling and displacement caused by the 20 

years of conflict may have modified the burden and some of the known risk factors for 

small birth size. Few studies exist to describe the burden of LBW and PB during the 

post-conflict period in northern Uganda.3 We hypothesise that 1) the incidence of 

LBW and PB in northern Uganda is higher than the global estimates 2) advanced 

maternal age >=35 years is associated with an increased risk of LBW and PB than 

maternal age 20-34 years. 

To achieve the SDG 3.2 target of neonatal mortality below 12 per 1000 live births by 

2030, there is a need to generate post-conflict context specific data on the small 

newborns’ (LBW and PB) health burden and associated modifiable risk factors. We, 

therefore, aimed to 1) estimate the incidence of and 2) determine risk factors for low 

birthweight and preterm birth in post-conflict northern Uganda. 

Methods 

This was a cohort study nested within the Survival Pluss cluster randomized trial. The 

Survival Pluss study assessed the effect of an integrated package consisting of peer 

support by pregnancy buddies, provision of mama kits at household level (as opposed 

to health facility distribution) and mobile phone messaging on facility-based births. In 

the trial, pregnant women were enrolled at ≥ 28 weeks of gestation and followed up to 

delivery (ClinicalTrials.gov number NCT0260505369). 

The study was conducted in Lira District, Northern Uganda from January 2018 to 

February 2019. Lira District had a population of about 400,000 people in 2010, 

dwelling in 13 sub-counties, a city and 751 villages. Lira district was chosen based on 
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its being a post-conflict area with poor maternal and child health indicators, low 

proportion of health facility deliveries, high neonatal mortality, and limited data on 

LBW and PBs burden and associated risk factors.21 The study sites were Aromo, 

Agweng, and Ogur sub-counties; also chosen because they had the poorest maternal 

and child health indicators.9 Each sub county had at least one public health centre 

(HC), either level II (only outpatients), level III (having a maternity and in-patients) 

and level IV (having a surgical theatre). Furthermore, each sub-county had one health 

centre with maternity (health centre, HC III or HC IV), or two additional lower-level 

health centres without maternity (HC II). Two of the HC IIIs (Agweng and Aromo), 

however, were not conducting deliveries before the project inception.  

A total of 1877 mothers were recruited into the trial at >28 weeks of gestation and 

followed up to birth. Of these, 1556 mother-infant dyads had birthweight (sample used 

for LBW incidence and risk factors). Of the 1556 mothers, 1279 had both a gestational 

age estimate using the New Ballard Score (NBS) and birthweight (sample analysed for 

PB incidence and risk factors).  

Birthweight was recorded either at the health facility or by one of the 46 research 

assistants within 2 days of birth. The NBS for gestational age assessment had to be 

done within 7 days of birth and was conducted by 4 specially trained midwives and 

nurses. This explains why not all babies had gestational age estimates.  

The primary outcomes were incidence of 1) low birthweight births and 2) preterm 

births. Independent or exposure variables were maternal and infant factors. Maternal 

socio-demographic (maternal age in completed years, years of education, paternal 

occupation, marital status, wealth index groups, intervention, and domestic water 

source) and clinical factors (parity, HIV, malaria in pregnancy, intermittent preventive 

treatment (IPT) for malaria in pregnancy, small newborn history, multiple pregnancy, 

and antenatal care (ANC) attendance and infant factor (sex) were analysed for 

association with LBW and PB. Other risk factors for small newborns such as maternal 

hypertension, diabetes mellitus, and body mass index (BMI) were not part of the data 

collection and is therefore not assessed. 
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A low birthweight (LBW) was defined as birthweight < 2.5kg at birth while preterm 

birth (PB) was defined as being born after 28 weeks of gestation but before 37 

completed weeks of gestation.1 We calculated the incidence (risk) as the number 

events (LBW or PB) divided by total number of live births (population at risk), during 

the study period from January 2018 to February 2019, expressed as a percentage. 

Birthweight was measured using a digital floor scale with mother/child function (seca, 

Hamburg, Germany) and recorded to the nearest 2 decimal points in kilograms. 

Gestational age (GA) was estimated using the New Ballard Score (NBS), which 

employs both physical and neuromuscular maturation. The total physical maturation 

(PM) and neuromuscular maturation (NM), also known as maturity rating total scores 

(MRTS), was correlated with gestational age, recorded in completed weeks. The 

MRTS, ranging from –10 to 50, were then extrapolated to fetal age in weeks (20 to 

44). Maternal age was recorded in completed years and categorised into three groups 

as 12–19, 20–34, and 35–49 years. Education was recorded in years of completed 

schooling and dichotomized as 0–6 and 7 or more years in school. Marital status was 

categorised as binary variable into ‘married’ or ‘single/separated/divorced/widowed’. 

Wealth index quintiles were calculated using Gini index based on several key 

household assets and classified ranging from the 1 ‘poorest’ to 5 ‘wealthiest’ quintiles. 

This was further sub-grouped into three wealth groups as follows: the lower 40% (1st – 

2nd quintiles), the middle 40% (3rd – 4th quintiles) and the upper 20% (5th quintile). 

Paternal occupation was categorized during analysis as farmer, employed or 

unemployed. Domestic water source was categorised as ‘tap/borehole’ or 

‘spring/well/river/ponds. History of a small newborn was recorded as ‘yes’ if the 

mother had history of a small baby by her own assessment in prior pregnancy. Parity 

was the number of pregnancies the mother had before, and further re-categorised as 

‘prime gravida (first time mother)’, ‘1–6’ and ‘7 or more’ children. The presence of 

maternal illnesses during pregnancy such as malaria or HIV were recorded as (‘yes’ 

‘no’, or ‘unknown’) based on antenatal test results. Antenatal care (ANC) attendance 

was recorded as ‘yes’ if the woman attended antenatal clinic at least once during the 

current pregnancy. Maternal malaria IPT in pregnancy was recorded as ‘yes’ if the 

mother received intermittent preventive treatment for malaria during pregnancy. 
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Intervention was recorded as ‘yes’ if the mother received the Survival Pluss 

intervention package (Mamakit, SMS, and peer buddies) during pregnancy.  

We analysed sub-samples of mother-infant pairs from the Survival Pluss cohort who 

had infants with birthweight (1556) or both birthweight and gestational age by NBS 

assessment (1279), respectively. We compared the included to the excluded sample 

and there was minimal difference in baseline characteristics between the analysed and 

excluded groups, (Table 1). The Survival Pluss study included and followed all 

pregnant women in the participating communities from 28 weeks of gestation, who 

had no intention of moving away from the study area within a year of enrolment and 

who had no psychiatric illness that could inhibit the informed consent process. We 

excluded infants whose parents declined newborn examinations, those who died at 

birth or who had severe congenital abnormalities (anencephaly and exomphalos) and 

those without birthweight (for LBW) and without NBS (for PBs).  

Study procedures 

In each cluster, pregnant women were identified by a community recruiter (pregnancy 

monitor) who was a mature woman living within the cluster, of good repute and 

selected by community members. A total of 250 pregnancy monitors were trained on 

how to identify pregnant women in their communities and inform the trial team. They 

were each given a mobile phone to enable them to communicate with the trial team. 

Whenever a pregnant woman was identified by the community recruiter informed the 

research assistant and together organised and visited the pregnant woman at home.  

Prior to recruitment, 50 research assistants (RAs) were trained on the study protocol, 

weight measurement, and electronic data collection tool, and the open data kit (ODK) 

software (https://opendatakit.org/). Four (04) of 50 RAs were further trained on the 

New Ballad Scoring system for gestational age assessment. All the RAs except the 

nurses and midwives, had qualifications of at least senior four certificate, could read 

and comprehend the English and the local Lango language, and were able to use 

smartphones. The RAs who administered the NBS were in addition trained skilled 

birth attendants, nurses and midwives. Pregnant mothers were identified by 
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community recruiters who informed the study team. The research assistants were then 

dispatched to see and interview the identified pregnant mothers in their homes. Those 

who met the inclusion criteria were consented and recruited. The recruitment 

questionnaires were administered to the mothers and the information was entered 

using ODK installed on a mobile phone. Maternal socio-demographic, and 

gynaecological histories were collected. Those mothers receiving integrated 

intervention packages of mobile phone messages, mama kit, and peer counselling 

were then given the package, while those in the control arm were allowed to continue 

with their routine antenatal care. All the enrolled pregnant women were followed up to 

birth and postnatally to two and seven days, for birthweight and administration of the 

NBS respectively. The neonatal anthropometrics (birthweight) measurements and the 

NBS were done within two days and seven days for accurate determination of 

birthweight and gestation age, respectively. At the onset of labour, birth or after 

delivery, the same community recruiters informed the study team who in turn visited 

the mother-infant dyads at birth for delivery questionnaire administration and 

anthropometric (birthweight, length, head, chest and abdominal circumferences) 

measurements. The weighing scales were calibrated while the measuring tapes, and 

length/height boards were checked for accuracy before each field visit and before each 

measurement was taken. The weighing scales were checked for accuracy daily with 

known standard weights. Data was collected using standardized pre–coded 

questionnaires in ODK, and immediately sent to the server for safe custody by the 

data manager. Data cleaning and checking for completeness were done for quality 

control throughout the data collection process. 

A total of four research nurses and midwives were trained on the NBS tool. The 

overall intra-rater (percentage agreement: 82.56%, kappa: 0.806, 95% CI: 0.788 – 

0.823) and inter-rater (percentage agreement: 77.5%; kappa: 0.774, 95% CI: 0.613 – 

0.936) reliability for the Ballard scoring tool were strong. The principal investigator 

(BO) worked with and supervised the research assistants on data collection and 

documentation.  

Statistical analysis  
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The data collected using ODK was sent to a server from where it was downloaded to 

Stata 14 (Stata Corp, College Station, Texas, US) for analysis. The incidence of LBW 

and PB were sex standardized and cluster adjusted and presented as the proportion of 

LBW and PBs to the total number of live births reported in percent. Descriptive 

statistics for categorical variables were summarized into proportions and the results 

presented in Tables (2 and 3). Inferential statistics (the risk factors for LBW and PB), 

were analysed using bivariable and multivariable generalised estimation equation for 

the binary categorical outcome of LBW and PB (Tables 2 and 3). Significant factors 

with p value ≤ 0.05 at bivariable analysis were taken into the multivariable 

generalized estimation equation model with a log link to Poisson family, adjusting for 

clustering and potential confounding. Known risk factors for LBW and PB such as 

infant sex, wealth index, and integrated intervention were also added into the final 

model. The crude and adjusted risk ratios were compared during the multivariable 

regression analysis. A difference of >10% between crude and adjusted risk ratios were 

considered confounding.  

Ethical considerations 

Ethical clearance was obtained from Makerere University School of Medicine 

Research and Ethics Committee (SOMREC no. 2015/085), the Uganda National 

Council for Science and Technology (UNCST no. HS 2478) and REK Vest in Norway 

(No. 2018/58/REK Vest). Permission was obtained from the district and health facility 

administrations. The study was also registered with ClinicalTrial.gov NCT02605369). 

Written informed consents were obtained from all Survival Pluss study participants. 

Participant confidentiality was maintained through the use of password protected 

mobile phones and computers. 

Results  

Study profile  

Of the 1877 pregnant women recruited into Survival Pluss trial, 1480 (78.9%) were 

recruited at 28 weeks of gestational age by last menstrual period. A total of 44 were 

lost to follow-up, 277 had missing birthweight and further 277 were not reached in 
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time for gestational age estimation by NBS. Of those with birthweight, 7.8% 

(121/1556) were LBW and of those with gestational age estimate, 4.1% (53/1279) 

were assessed to be born preterm. A total of 20 (19.0%) of the LBW infants with 

gestational age were considered preterm, while 20 (37.7%) of preterm infants were 

low birthweight (Figure 1). 

 
Figure 1. Study profile. 

Baseline and clinical characteristics of study participants 

Of the 1556 mother-infant dyads, 1305 (84.0%) were recruited at 28 weeks of 

gestational age by LMP), a quarter of the mothers were first time mothers (prime 

gravida), 22 (1.4%) had twins, and 90% were married. Most of the fathers were 

subsistence farmers. Most families used tap or borehole water for domestic 

consumption. Around 5% of the mothers stated they had HIV, while up to 2% did not 

know their HIV status. Close to 14% of mothers had prior history of a small newborn 

in the most recent (second last) delivery. The male to female ratio approximated 1:1, 

Table 1. Similarly, of the 1279 infants with birthweight, gestational age by NBS and  
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Table 1. Comparison of baseline characteristics between included and excluded study 
participants in the two analyses – low birthweight and preterm birth – in Northern Uganda. 

 

 

Low birthweight    Preterm birth 

All 
N=1877 

n (%) 

Analysed 
N=1556 

n (%) 

Excluded 
N=321 

n (%) 

p value   
All 

N=1877 

n (%) 

Analysed 
N=1279 

n (%) 

Excluded 
N=598 

n (%) 

p value 

Maternal characteristics     

Maternal age     
 12‐19 years  510 (27.2)  415 (26.7) 95 (29.6)   510 (27.2) 330 (25.8) 180 (30.1)

 20‐34 years  1174 (62.5)  982 (63.1) 192 (59.8) 0.325  1174 (62.5) 815 (63.7) 359 (60.0) 0.017

 >=35 years  193 (10.3)  159 (10.2) 35 (10.6)   193 (10.3) 134 (10.5) 59 ( 9.9)
Maternal education     

 0‐6 years  1515 (80.7)  1246 (80.1) 269 (83.8)   1515 (80.7) 1032 (80.7) 483 (80.8)

 >=7 years  362 (19.3)  310 (19.9) 52 (16.2) 0.117  362 (19.3) 247 (19.3) 115 (19.2) 0.896
Maternal vocational education     

 No  1663 (88.6)  1371 (88.1) 292 (92.0)   1663 (88.6) 1131 (88.4) 532 (89.0)

 Yes  214 (11.4)  185 (11.9) 29 ( 8.9) 0.224  214 (11.4) 148 (11.6) 66 (11.0) 0.700
Marital status     

 Married  1708 (91.0)  1417 (91.1) 291 (90.7) 0.495  1708 (91.0) 1166 (91.2) 542 (90.6) 0.557

 Single/separated/divorced/widow  169 ( 9.0)  139 ( 8.9) 30 ( 9.3)   169 ( 9.0) 113 (8.8) 56 ( 9.4)
Wealth index     

 Lower 40%  837 (44.6)  708 (45.5) 129 (40.2)   837 (44.6) 574 (44.9) 263 (44.0)

 Middle 40%  665 (35.4)  547 (35.2) 118 (36.8) 0.329  665 (35.4) 465 (36.4) 200 (33.4) 0.139
 Upper 20%  375 (20.0)  301 (19.3) 74 (23.0)   375 (20.0) 240 (18.8) 135 (22.6)

Father’s occupation     

 Farmer  1275 (67.9)  1058 (68.0) 217 (67.6)   1275 (67.9) 883 (69.1) 392 (65.5)
 Employed  390 (20.8)  348 (22.4) 42 (13.1) 0.022  390 (20.8) 274 (21.4) 116 (19.4) 0.688

 Unemployed  168 ( 9.0)  150 ( 9.6) 18 ( 5.6)   168 ( 9.0) 122 ( 9.5) 46 ( 7.7)

 Missing   44 ( 2.3)  0 ( 0.0) 44 (13.7)   44 ( 2.3) 0 ( 0.0) 44 ( 7.4)
Domestic water source     

 Tap/Borehole  1188 (63.3)  977 (62.8) 211 (65.7) 0.459  1188 (63.3) 802 (62.7) 386 (64.6) 0.268

 Spring/river/well/stream/pond  689 (36.7)  579 (37.2) 110 (34.3)   689 (36.7) 477 (37.3) 212 (35.4)
Intervention     

 No  855 (47.2)  740 (47.6) 145 (45.2)   885 (47.2) 601 (47.0) 284 (47.5)

 Yes  992 (52.9)  816 (52.4) 176 (54.8) 0.625  992 (52.8) 678 (53.0) 314 (52.5) 0.956
Facility Delivery     

 No  644 (34.3)  484(31.1) 160 (49.8)   644 (34.3) 397 (31.0) 247 (41.3)

 Yes  1233 (65.7)  1072(68.9) 161 (50.2) 0.000  1233 (65.7) 882 (67.0) 351 (58.7) 0.000
Maternal clinical characteristics     

History of small infant     

 No  1131 (60.2)  985 (63.3) 146 (45.5)   1131 (60.3) 964 (75.4) 167 (30.2)
 Yes  317 (16.9)  218 (14.0) 99 (30.8) 0.000  317 (16.9) 40 ( 3.1) 277 (50.0) 0.000

 Prime gravida  429 (22.9)  353 (22.7) 76 (23.7)   429 (22.9) 275 (21.5) 154 (27.8)

Parity     
 Prime gravida  429 (22.9)  353 (22.7) 76 (23.7)   429 (22.9) 275 (21.5) 154 (25.7)

 1‐6  1257 (67.0)  1043 (67.0) 214 (66.8) 0.857  1257 (67.0) 872 (68.2) 385 (64.4) 0.025

 7 or more  191 (10.2)  160 (10.3) 31 ( 9.7)   191 (10.2) 132 (10.3) 59 ( 9.9)
Maternal HIV infection     

 No  1708 (91.0)  1455 (93.5) 253 (78.8)   1708 (91.0) 1205 (94.2) 503 (84.1)

 Yes  83 ( 4.4)  73 ( 4.7) 10 ( 3.1) 0.000  83 ( 4.4) 61 ( 4.8) 22 ( 6.7) 0.000
 Unknown  86 ( 4.6)  28 ( 1.8) 58 (18.1)   86 ( 4.6) 13 ( 1.0) 73 (12.2)

Antenatal attendance     

 No  395 (21.0)  352 (22.6) 43 (13.4)   395 (21.0) 283 (22.1) 112 (18.7)
 Yes  1482 (79.0)  1204 (77.4) 278 (86.6) 0.000  1482 (79.0) 996 (77.9) 486 (81.3) 0.088

IPT a for malaria in pregnancy     

 No  764 (40.7)  704 (45.2) 60(18.7)   764 (40.7) 695 (54.3) 69 (11.5)
 Yes  1113 (59.3)  852 (54.8) 261 (81.3) 0.000  1113 (59.3) 584 (45.7) 529 (88.5) 0.000

Maternal malaria in pregnancy     

 No  602 (32.1)  502 (32.3) 100 (31.2)   602 (32.1) 272 (45.5) 330 (25.8)
 Yes  459 (24.4)  388 (24.9) 71 (22.1) 0.245  459 (24.4) 117 (19.6) 342 (26.7) 0.000

 Unknown  816 (43.5)  666 (42.8) 150 (46.7)   816 (43.5) 209 (35.0) 607 (47.5)

Infant sex     
 Female  892 (47.5)  757 (48.7) 135 (42.0)   892 (47.5) 620 (48.5) 272 (45.5)

 Male  943 (50.2)  799 (51.3) 144 (44.9) 0.950  943 (50.2) 659 (51.5) 284 (47.5) 0.816

 Missing  42 ( 2.3)  0 ( 0.0) 42 (13.1)   42 ( 2.2) 0 ( 0.0) 42 ( 7.0)

N/n (%) frequency (percentage), a IPT = Intermittent preventive treatment for malaria 
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random blood glucose, 1088/1279 (85.1%) were recruited at 28 weeks of gestation by 

LMP, while 30(2.8%) were unsure of their LMP. Due to the low literacy rates and the 

unreliability of gestational age (GA) estimation by LMP, we decided to analyse the 

entire sample of mothers with infant birthweight and GA for the PB estimates. An 

estimated 19.0% (20/105) LBW infants were preterm and 37.7% (20/53) preterm 

infants were low birthweight. 

 

The incidence of low birthweight and preterm birth  

Low birthweight  

The number of low birthweight infants was 121/1556, 7.7%. The sex and cluster 

adjusted incidence of LBW in post-conflict northern Uganda was 7.3% (95% 

Confidence interval (CI): 5.4% – 9.6%). 

Preterm birth 

The incidence of preterm births assessed by NBS was 53/1279 or 4.1%. The sex and 

cluster adjusted incidence of PB in post-conflict northern Uganda was 5.0% (95% CI: 

3.2% – 7.7%). The New Ballard Score being subjective, we analysed in a sensitivity 

analysis, the effect of potential systematic over-scoring of the maturity rating total 

score on the incidence of preterm birth (Table 2). The crude and the sex and cluster 

adjusted incidence of preterm birth is presented in case the infants were over-scored 

by 1, 2, 3, or 4 maturity rating total scores (MRTS).  

Table 2. Sensitivity analysis of  the  incidence of preterm birth based on  the New Ballard 
scores among 1279 infants in Northern Uganda. 
  Crude incidence  

of preterm birth  
(95% CI) 

Cluster and sex adjusted 
incidence  

of preterm birth 
(95% CI) 

Using the original New Ballard Score  4.1%   (3.0% ‐ 5.8%)  5.0%   (3.2% ‐ 7.7%) 

Subtracting 1 score point from the New 
Ballard Score 

5.5%   (4.4% ‐ 6.9%)  6.4%   (4.4% ‐ 9.2%) 

Subtracting 2 score points from the 
New Ballard Score 

7.8%   (6.5% ‐ 9.6%)  8.6%   (6.1% ‐ 12.2%) 

Subtracting 3 score points from the 
New Ballard Score 

12.1%   (10.4% ‐ 14.0%)  13.1%   (10.0% ‐ 16.9%) 

Subtracting 4 score points from the 
New Ballard Score 

17.1%   (15.2% ‐ 19.3%)  17.8%   (14.6% ‐ 21.4%) 

CI confidence interval 
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Further analysis of the data set excluding mothers recruited at 37 or more weeks of 

gestation by last menstrual period, yielded an incidence proportion of 4.0% (95% CI: 

3.0 – 5.4) of the 1,234 infants with PB, a similar result as the cohort finding above. 

Small newborns 

A total of 138 of 1279 (10.8%, 95% CI: 8.9 – 13.0) were small newborns (either LBW 

and/ or PB). Another 20/1279 (1.6 %, 95% CI: 1.0 – 2.4) were born both LBW and PB 

in our cohort. 

Risk factors for low birthweight and preterm birth  

Low birthweight 

The factors that were associated with an increased risk of a low birthweight infant in 

our cohort were advanced maternal age (≥35 years), history of a small newborn in 

prior pregnancy, malaria infection, and unknown malaria status in pregnancy, Table 3.  

Table 3. Bivariable and multivariable analysis of risk factors for low birthweight in 
northern Uganda. 
Characteristics  All  

N=1556 
n (%) 

LBW 
N=121 
n (%) 

Crude RR (95% CI) 
N=1556 

p value  Adjusted  
RR (95% CI) 

N=1556 

p value 

Maternal characteristics             
Maternal age             
  12‐19 years  415 (26.7)  40 (33.1)  1.4 (1.0 – 2.0)  0.048  1.3 (0.8 – 2.1)  0.351 
  20‐34 years  982 (63.1)  67 (55.4)  Ref       

  ≥35 years  159 (10.2)  14 (11.6)  1.3 (0.9 – 1.9)  0.183  1.9 (1.1 – 3.4)  0.021 
Maternal education             
  0‐6 years  1246 (80.1)  91 (75.2)  Ref       
  ≥7 years  310 (19.9)  30 (24.8)  1.3 (0.9 – 2.0)  0.190  1.4 (0.9 – 2.3)  0.102 
Maternal vocational education             
  No  1371 (88.1)  103 (85.1)  Ref       
  Yes  185 (11.9)  18 (14.9)  1.3 (0.8 – 2.1)  0.297     
Marital status             
  Married  1417 (91.1)  110 (90.9)  1.0 (0.5 – 1.8)  0.951     
  Single/separated/divorced/widowed  139 (  8.9)  11 (  9.1)  Ref       
Wealth index groups             
  Lower 40%  708 (45.5)  62 (51.2)  Ref       
  Middle 40%  547 (35.2)  40 (33.1)  0.8 (0.6 – 1.3)  0.379  0.8 (0.6 – 1.3)  0.402 
  Upper 20%  301 (19.3)  19 (15.7)  0.7 (0.5 – 1.2)  0.171  0.7 (0.4 – 1.2)  0.255 
Father’s occupation             
  Farmer  1058 (68.0)  87 (71.9)  Ref       
  Employed  348 (22.4)  22 (18.2)  1.0 (0.5 – 1.8)  0.929     
  Unemployed  150 (  9.6)  12 (  9.9)  0.8 (0.5 – 1.2)  0.237     
Domestic water source             
  Tap/Borehole  977 (62.8)  72 (59.5)  Ref       
  Spring/river/well/stream/pond  579 (37.2)  49 (40.5)  1.1 (0.8 – 1.7)  0.476     
Intervention             
  No  740 (47.6)  60 (49.6)  Ref       
  Yes  816 (52.4)  61 (50.4)  0.9 (0.6 – 1.3)  0.656  0.9 (0.6 – 1.4)  0.716 
Facility Delivery             
No  482 (31.1)  42 (34.7)         
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Yes  1070 (68.9)  79 (65.3)  0.8 (0.6 – 1.1)  0.251     
Maternal clinical characteristics             
History of a small infant             
  No  218 (14.0)  19 (15.7)  Ref       
  Yes  985 (63.3)  68 (56.2)  1.3 (0.7 – 2.1)  0.386  2.1 (1.2 – 3.7)  0.014 
  Prime gravida  353 (22.7)  34 (28.1)  1.4 (0.9 – 2.1)  0.090  1.1 (0.6 – 1.8)  0.778 
Parity             
  Prime gravida  353 (22.7)  34 (28.1)  Omitted       
  1‐6  1043 (67.0)  77 (63.6)  Ref       
  7 or more  160 (10.3)  10 (  8.3)  0.8 (0.5 – 1.5)  0.573  0.6 (0.3 – 1.4)  0.226 
Maternal HIV infection             
  No  1455 (93.5)  116 (95.9)  Ref       
  Yes  73 (  4.7)  5 (  4.1)  0.9 (0.4 – 2.0)  0.723  0.9 (0.4 – 1.8)  0.719 
  Unknown  28 (  1.8)  0 (  0.0)  Not applicable       
Antennal attendance             
  No  352 (22.6)  30 (24.8)  Ref       
  Yes  1204 (77.4)  91 (75.2)  0.9 (0.6 – 1.3)  0.522     
IPT for malaria in pregnancy             
  No  704 (45.2)  69 (57.0)  Ref       
  Yes  852 (54.8)  52 (43.0)  0.6 (0.4 – 0.8)  0.003  0.6 (0.4 – 0.8)  0.001 
Malaria in pregnancy             
  No  502 (32.3)  25 (20.7)  Ref       
  Yes  388 (24.9)  32 (26.4)  1.7 (1.01 – 2.7)  0.046  1.7 (1.01 – 2.9)  0.045 
  Unknown  666 (42.8)  64 (52.9)  1.9 (1.2 – 3.0)  0.005  1.9 (1.1 – 3.2)  0.020 
Infant sex             
  Female  757 (48.7)  63 (52.1)  Ref       
  Male  799 (51.3)  58 (47.9)  0.9 (0.6 – 1.2)  0.393  0.9 (0.7 – 1.2)  0.463 

N/n (%) frequency (percentage), RR risk ratio, CI confidence interval, HIV human 
immunodeficiency virus 

 

Infants born to mothers aged 35 or more years were two (adjusted RR 1.9 (95% CI: 

1.1 –3.9) times more likely to be LBW compared to those born to mothers aged 20–34 

years. A history of a small newborn in the second last pregnancy doubled the risk 

(aRR: 2.1, 95% CI: 1.2 – 3.4) of LBW compared to those without. A positive malaria 

test (aRR: 1.7, 95% CI: 1.01–2.9) or an unknown malaria status during pregnancy 

(aRR 1.9, 95% CI: 1.1 – 3.2) almost doubled the risk of LBW among the infants 

compared to those with known malaria negative tests. On the other hand, infants 

whose mothers received intermittent preventive treatment for malaria during 

pregnancy had a (aRR 0.6, 95% CI: 0.4 – 0.8) reduced risk of being LBW compared 

to those who did not. The integrated intervention package had no effect on the LBW 

in this post conflict setting of northern Uganda. These and more details are 

summarized in Table 3. Similarly, other known risk factors for LBW such as poverty,  

maternal education, teenage motherhood, grand multi–parity, ANC attendance and 

HIV infection were not associated with increased risks of LBW among mothers in the 

cohort.  
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Preterm birth 

HIV infection was associated with and increased risk of PB (adjusted RR: 2.9, 95% 

CI: 1.1 – 7.3) in the multivariable analysis (Table 4). Maternal education (≥7 years) 

was associated with a reduced risk of PB (adjusted RR: 0.3, 95% CI: 0.1 – 0.98).  
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Table 4. Bivariable and multivariable analysis of risk factors for preterm birth in northern 
Uganda. 
Characteristics  All 

N=1279 
n (%) 

PB 
N=53 
n (%) 

Crude RR 
(95% CI) 
N=1279 

p value  Adjusted RR (95% 
CI) 

N=1279 

p value 

Maternal characteristics             
Maternal age             
  12‐19 years  330 (25.8)  18 (34.0)  1.6 (0.9 – 2.9)  0.142  2.0 (1.0 – 4.3)  0.050 
  20‐34 years  815 (63.7)  28 (52.8)  Ref       
  ≥35 years  134 (10.5)  7 (13.2)  1.5 (0.7 – 3.5)  0.295  1.2 (0.6 – 2.6)  0.612 
Maternal education             
  0‐6 years  1032 (80.7)  50 (94.3)  Ref       
  ≥7 years  247 (19.3)  3 (  5.7)  0.2 (0.1 – 0.8)  0.022  0.3 (0.1 – 0.98)   0.047 
Maternal vocational education             
  No  1131 (88.4)  45 (84.9)         
  Yes  148 (11.6)  8 (15.1)         
Marital status             
  Married  1166 (91.2)  47 (88.7)  0.7 (0.3 – 1.5)  0.393     
Single/separated/divorced/widowed  113 (  8.8)  6 (11.3)  Ref       
Wealth index             
  Lower 40%  574 (44.9)  26 (49.1)  Ref       
  Middle 40%  465 (36.3)  18 (34.0)  0.8 (0.5 – 1.4)  0.513  0.9 (0.6 – 1.5)  0.815 
  Upper 20%  240 (18.8)  9 (17.0)  0.8 (0.4 – 1.9)  0.650  1.1 (0.5 – 2.5)  0.847 
Father’s occupation             
  Farmer  883 (69.0)  38 (71.7)  Ref       
  Employed  274 (21.4)  8 (15.1)  1.4 (0.7 – 2.9)  0.342     
  Unemployed  122 (  9.5)  7 (13.2)  0.7 (0.4 – 1.4)  0.305     
Domestic water source             
  Tap/Borehole  802 (62.7)  27 (50.9)  Ref       
  Spring/river/well/stream/pond  477 (37.3)  26 (49.1)  1.1 (0.8 – 1.7)  0.476  1.5 (0.9 – 2.6)  0.121 
Intervention             
  No  601 (47.0)  23 (43.4)  Ref       
  Yes  678 (53.0)  30 (56.6)  1.1 (0.6 – 2.1)  0.670  1.2 (0.7 – 2.2)  0.517 
Facility Delivery             
  No  397 (31.0)  23 (4.4)  Ref       
  Yes  882 (69.0)  30 (56.6)  0.6 (0.3‐ 1.01)  0.054  0.6 (0.4 – 1.0)  0.045 
Maternal clinical factors             
History of a small infant             
  No  964 (75.4)  39 (73.6)  Ref       
  Yes  40 (  3.1)  2 (  3.8)  1.2 (0.2 – 5.7)  0.927  1.0 (0.2 – 5.2)  0.986 
  Prime gravida  275 (21.5)  12 (22.6)  1.1 (0.5 – 2.0)  0.884  0.8 (0.3 – 1.8)  0.557 
Parity             
  Prime gravida  275 (21.5)  12 (22.6)  Ref       
  1‐6  872 (68.2)  34 (64.2)  1.1 (0.6 – 2.1)  0.790     
  7 or more  132 (10.3)  7 (13.2)  1.4 (0.7 – 2.6)  0.346     
Maternal HIV infection             
  No  1205 (94.2)  47 (88.7)  Ref       
  Yes  61 (  4.8)  6 (11.3)  2.2 (0.9 – 5.6)  0.094  2.9 (1.1 – 7.3)  0.026 
  Unknown  13 (  1.0)  0 (  0.0)  NA       
Antenatal attendance             
  No  283 (22.1)  14 (26.4)  Ref       
  Yes  996 (77.9)  39 (73.6)  0.8 (0.4 – 1.4)    0.451     
IPT for malaria in pregnancy             
  No  695 (54.3)  29 (54.7)  Ref       
  Yes  584 (45.7)  24 (45.3)  0.9 (0.5 – 1.6)  0.832  1.0 (0.6 – 1.8)  0.886 
Malaria in pregnancy             
  No  330 (25.8)  15 (28.3)  Ref       
  Yes  342 (26.7)  13 (24.5)  0.8 (0.5 – 1.5)  0.568     
  Unknown  607 (47.5)  25 (47.2)  0.9 (0.5 – 1.6)  0.785     
Infant sex             
  Female  620 (48.5)  20 (37.7)  Ref       
  Male  659 (51.5)  33 (62.3)  1.6 (0.9 – 2.7)  0.117  1.6 (1.0 – 2.8)  0.070 

N/n (%) frequency (percentage), RR risk ratio, CI confidence interval, PB preterm birth, NA 
not applicable, IPT intermittent preventive treatment, HIV human immunodeficiency virus 
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Discussion 

In our cohort, 7.3% of infants were born low birthweight. Approximately, 4.1% of the 

infants were born preterm. Advanced maternal age (≥35 years), history of a small 

newborn in prior pregnancy, and malaria in pregnancy were associated with increased 

risk of LBW while intermittent preventive treatment of malaria (IPT) reduced it. 

Furthermore, maternal HIV infection was associated with an increased risk of PB 

while ≥7 years of formal education reduced it.  

The proportion of LBW in our study in this area of Northern Uganda is lower than 

most other estimates, be it global, in sub-Saharan Africa, or in Uganda.22,23 Several 

reasons may be advanced for these findings. Firstly, the methods used in the different 

studies may explain this difference. For instance, the global estimate is based on 

modelling limited data, where almost 50% of infants lack birthweight, including rural 

Uganda.22 In our community cohort, 68% of infants were born in health facilities, 

while 32% were born at home; in this case, we may expect fewer LBW infants, 

compared to those born in health facilities, which receive mothers with complications. 

Likewise, a study done by Bater and colleagues in Northern and Western Uganda also 

reported lower rates, which may be due to the effects of food security and livelihood 

interventions among the studied mothers.23 Thirdly, the inclusion criteria into the trial 

was a gestational age 28 or more weeks of pregnancy or any visibly pregnant woman. 

This implied that preterm births and low birthweight occurring before recruitment 

were systematically excluded, thus, we may have missed LBW and PB births in our 

source population. Our study is likely to have underestimated the true incidence of 

both LBW and PB. It should be noted that, throughout the study period, the pregnancy 

monitors (community recruiters) actively searched for pregnant mothers in each 

cluster and informed the study team. This means that, the only time we could have 

systematically excluded mothers who delivered before recruitment could have been in 

the first one to two of the recruitment exercise. 

Factors associated with low birthweight included advanced maternal age ≥35 years, 

history of a small newborn in the previous pregnancy, maternal malaria in pregnancy 

and intermittent preventive treatment (IPT) for malaria. The finding that advanced 
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maternal age (≥35 years) was associated with an increased risk of LBW in our cohort 

is not unique to our report. Numerous studies and meta-analyses have described the 

increased risk of LBW with low or advanced maternal age.24 This may be due to 

increased risk of non-communicable diseases (NCDs) like hypertension, obesity, and 

diabetes with advanced maternal age.24  

The study also reports an associated increased risk of LBW among mothers with 

history of a small newborn, in the most recent pregnancy. Other studies report similar 

links.25 This may be due to the uncorrected effect of the causes of small newborns 

from the prior pregnancy, like maternal anaemia and malnutrition on subsequent 

pregnancy. 

The relationship between malaria in pregnancy and its association with increased risk 

of LBW has been reported elsewhere.26,27 Similarly, we also report a reduced risk of 

LBW among infants born to mothers who had intermittent preventive therapy for 

malaria during pregnancy. Malaria IPT during pregnancy reduces placental malaria, a 

long known risk factor for LBW and preterm births (small newborn).28 

The PB proportion in our cohort was 5.0% and is similar to a hospital-based study in 

Eastern Uganda, with similar inclusion and exclusion criteria.7 The observed estimate 

in this cohort, however, is lower than the global, sub-Saharan Africa, or Uganda 

estimates.23,29 

The low PB proportion observed in our study may be due to the trial eligibility criteria 

discussed above that could have resulted in exclusion of some preterm births 

occurring before recruitment into the main trial. Secondly, the NBS for foetal 

maturation for gestational age determination (instead of mid-pregnancy ultrasound as 

the gold standard), may have contributed to the underestimation of PB in this cohort. 

For instance, a study by Sasidharan and colleagues reported that NBS overestimated 

gestational age (GA) by up to 2 weeks (8 MRTS), with increasing postnatal age.30 

Therefore, if the current global PB modelled estimates by the global burden of disease 

(GBD) research group are true, we may have over-estimated GA by 3MRTS (1.2 

weeks), see our sensitivity analysis in Table 2. Although scientists modified the NBS 
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system to identify extremely preterm babies up to seven days of postnatal age, it 

seems postnatal age at assessment may have played a role and resulted in the observed 

low PB estimates in our cohort. This is because, we excluded  363/1833 (19.8%) 

infants not reached for NBS gestational age (GA) assessment within 7 days of 

postnatal life, and another 191/1833 (10.4%) of the infants without birthweight within 

48 hours of postnatal age.  

Despite the challenges faced in PB diagnosis in our setting, the findings may still be 

relevant in contributing to the pool of knowledge on preterm births and associated risk 

factors, to guide decision making in a resource-limited post-conflict setting. This is 

because, any study with preterm births proportion above 3%, the minimum cut off for 

PBs among healthy mothers by INTERGROWTH, is included in the global estimating 

preterm birth by the Global Burden of Disease (GBD) working groups.6,29 Besides, the 

finding is similar to the preterm birth proportion, based on history of preterm birth in 

the second last pregnancy, among the same cohort of mothers, albeit the recall bias. 

Lastly, but equally relevant, the overall proportion of infants who are both LBW and 

PB to live births of 1.5%, was similar to that reported in Kenya (1.2%), though lower 

than the estimated 5.5%.31 

The factor that was associated with an increased risk of preterm birth was maternal 

HIV infection. The increased risk of PBs among HIV infected women, compared to 

the uninfected has also been documented over the last three decades.32 The 

mechanism of HIV infection causing PB are many, but like any other infectious 

diseases, the release of pro-inflammatory cytokines may stimulate uterine contraction, 

leading to preterm labour and birth.33 In addition, opportunistic infections and the use 

of protease inhibitors (PIs) based regimen in the first trimester, may also increase the 

risk of PB.34 As reported in another recent study, spontaneous PB may also result from 

vaginal and not systemic inflammation among HIV infected, compared to those not.35 

Maternal education for seven or more years was associated with a reduced risk of PB 

compared to 0-6 years of formal education. Our finding that low maternal education is 

associated with an increased risk of PB has been reported elsewhere.36-38 
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In our cohort, teenage motherhood doubled the risk of PB and this is of public health 

importance. The finding is similar to findings from several other studies across the 

globe.39,40 Although the biological link between teenage pregnancy and PB is not 

properly understood,12,41 pregnant teens are likely to be disfavoured in several aspects 

such as education, access to care and nutrition compared to older mothers.42-44 

The study also reported an increased risk of PB among male infants, compared to 

female infants. This may be a methodological artefact due to differences in NBS 

scoring of the two sexes. An analysis of mean difference for the overall MRTS and 

individual elements for physical and neuromuscular scores by sex, demonstrated a 

difference in physical maturity rating for breasts. Female infants were systematically 

over-scored by a mean difference of 0.14, 95% CI: 0.08 – 0.21 points (4 days, 95% 

CI: 2 – 6) in the physical maturity rating for breasts, which may contribute to fewer 

infants being classified as being PB. It is still possible that there is still a true increase 

in the risk of PB for male infants as this has been reported elsewhere.19,45 

Limitations and strengths 

The main limitation of our study is the potential for selection bias at inclusion which 

may have introduced systematic error. In the main Survival Pluss randomised trial in 

which our observational study was nested, inclusions were allowed at any time from 

28 or more weeks of gestation. It means that a pregnant woman could be included at, 

for instance, at 35 weeks of gestation. This also means that not all pregnant women in 

the study area were followed up from exactly 28 weeks of gestation. Women who had 

LBW and PB before recruitment into the trial were systematically excluded from our 

study. This likely caused us to underestimate the true incidence of LBW and PB. This 

could explain the low incidence of LBW and PB reported in this study. 

Furthermore, additional selection biases could have occurred due to loss to follow-up 

resulting from missing birthweight and/or gestational age assessment (GA) of the 

infants.  For the PB, we restricted the analysis to the sample of infants with both GA 

and birthweight. Approximately 598 of infants (31.9%) of the 1877 in the cohort did 

not have both birthweight and gestational age measurements and were excluded from 

the analysis. This could have possibly resulted in a selection bias. That said, in a 
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sensitivity analysis, we found no major differences in socio-demographic 

characteristics of included and excluded participants. Future studies to estimate the 

incidence of LBW and PB should aim at enrolling mothers in the first trimester, 

ensure ultrasound scans for GA estimation and following up the entire cohort for the 

remainder of the pregnancy. This would permit more accurate gestational age 

estimations and provide a more complete cohort.  

Albeit the above limitations, there were several strengths in our study. Firstly, we used 

a community-based cohort – likely to reflect the community at large. Secondly, we 

were able to follow-up and obtain birthweight within 48 hours on 1556/1877 (82.9%) 

of the cohort, minimising the risk of selection bias. Thirdly, mothers were interviewed 

shortly after the delivery, minimising the likelihood of recall bias. Lastly, we used 

hard, explicitly defined outcome measures (low birthweight and preterm birth – albeit 

the limitations of NBS). This might have reduced the likelihood of 

misclassification/information bias. 

Conclusions 

The incidence of LBW and PB were low, compared to the national, sub-Saharan 

Africa and global estimates – possibly due to methodological limitations. Advanced 

maternal age ≥ 35 years and history of a small newborn were associated with 

increased risk of low birthweight. Maternal formal education for ≥7 years was 

associated with a reduced risk of LBW and PB while HIV infection was associated 

with an increased risk of PB. 

Recommendations 

In order to obtain reliable results on the proportion of preterm births in future 

community-based studies, it is paramount to identify pregnant mothers early in 

pregnancy, and to record gestational age by antenatal ultrasound. If assessment of 

intrauterine growth restriction is included, expertise in Doppler ultrasonography is 

required. Context-specific assessment of the causes of intra-uterine growth restriction 

and of modifiable risk factors, such as hypertension, may also be required in order to 

enable evidence-based interventions.
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Abstract

Background: Neonatal hypoglycemia is the most common endocrine abnormality in children, which is associated
with increased morbidity and mortality. The burden and risk factors of neonatal hypoglycemia in rural communities
in sub-Saharan Africa are unknown.

Objective: To determine the prevalence and risk factors for neonatal hypoglycemia in Lira District, Northern
Uganda.

Methods: This was a community-based cross-sectional study, nested in a cluster randomized controlled trial
designed to promote health facility births and newborn care practices in Lira District, Northern Uganda. This study
recruited neonates born to mothers in the parent study. Random blood glucose was measured using an On Call®
Plus glucometer (ACON Laboratories, Inc., 10125 Mesa Road, San Diego, CA, USA). We defined hypoglycemia as a
blood glucose of < 47 mg/dl. To determine the factors associated with neonatal hypoglycemia, a multivariable
linear regression mixed-effects model was used.

Results: We examined 1416 participants of mean age 3.1 days (standard deviation (SD) 2.1) and mean weight of
3.2 kg (SD 0.5). The mean neonatal blood glucose level was 81.6 mg/dl (SD 16.8). The prevalence of a blood glucose
concentration of < 47 mg/dl was 2.2% (31/1416): 95% CI 1.2%, 3.9%. The risk factors for neonatal hypoglycemia
were delayed breastfeeding initiation [adjusted mean difference, − 2.6; 95% CI, − 4.4, − 0.79] and child age of 3 days
or less [adjusted mean, − 12.2; 95% CI, − 14.0, − 10.4].

Conclusion: The incidence of neonatal hypoglycemia was low in this community and was predicted by delay in
initiating breastfeeding and a child age of 3 days or less. We therefore suggest targeted screening and management of
neonatal hypoglycemia among neonates before 3 days of age and those who are delayed in the onset of breastfeeding.
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Introduction
Neonatal hypoglycemia, defined differently by various
authors as random blood sugars ranging from 18 to 72
mg/dl [1–3], is the most common metabolic abnormality
in newborns and results in increased morbidity and
mortality [1, 4, 5]. The risk of neonatal hypoglycemia is
particularly high in preterms, low birth weight neonates,
and neonates born to diabetic mothers [1, 6]. Ironically,
neonates commonly develop transient hypoglycemia in
the first few hours of life as a normal physiological
process [3, 7]. However, some neonates progress to a se-
vere and prolonged form of neonatal hypoglycemia,
which can result in seizures and poor neuro-
developmental outcomes if poorly managed [1, 3].
Currently, there is no consensus on the appropriate glu-

cose cutoff value that differentiates transient hypoglycemia
from the prolonged pathological form of neonatal
hypoglycemia [3]. Various authors have suggested cutoff
levels ranging from 47 to 60mg/dl [2, 3]. The proposed
cutoffs may not be applicable to newborns in sub-Saharan
Africa that are breastfed early, and for longer periods [8].
Moreover, practices such as immediate umbilical cord
clamping [9] and home births are common in some parts
of sub-Saharan Africa [10], which may result in differing
incidence and outcomes of neonatal hypoglycemia.
Whereas transient neonatal hypoglycemia in the first 48 h
is often inconsequential [3, 7], there is some evidence that
a single episode of transient hypoglycemia may result in
neuro-developmental abnormalities [11].
Although universal screening of asymptomatic and

low-risk neonates for hypoglycemia may be unnecessary
and harmful [3, 12], there is evidence that asymptomatic
hypoglycemia could result in neuro-developmental ab-
normalities in up to 20% of affected neonates [13, 14].
Moreover, context-specific risk factors in rural commu-
nities in sub-Saharan Africa that could guide screening
are unknown.
We therefore aimed to determine the incidence and

risk factors of neonatal hypoglycemia in the first 7 days
of life in a rural community in Northern Uganda to en-
able development of contextually relevant screening
guidelines for neonatal hypoglycemia.

Materials and methods
Study design
This was a community-based cross-sectional study of
neonates born to women enrolled in a cluster random-
ized controlled trial evaluating the effect of peer counsel-
ing on health facility births (Survival Pluss study
registered on ClinicalTrial.gov as NCT02605369).

Study setting
The study was conducted in Lira District, Northern
Uganda, between January 2018 and March 2019. Lira

District is approximately 340 km from the capital city,
Kampala, and has 13 sub-counties, 1 municipality, and
751 villages. We recruited from Aromo, Agweng, and
Ogur sub-counties located in the northern part of the
district. These sub-counties were chosen because they
were to be the site of the parent study. At the time of
the study, the population of Lira District is ~ 400,000
people. The majority of the people lived in rural areas
and practice subsistence farming [15]. The Uganda
Demographic and Health Survey conducted in 2016 re-
ported that ~ 29 of every 1000 newborns died in the first
28 days of life in the region covering the Lira District
[16].

Survival Pluss study (the parent study)
The parent study was a community-based cluster ran-
domized controlled trial designed to evaluate the effect
of a combined intervention on the proportion of
mothers giving birth in health facilities. The combined
intervention consisted of peer counseling, mobile phone
messaging, and distribution of mama kits. The unit of
randomization was a cluster, made up of 5 to 10 villages
with a population of > 1000 people. Up to 30 clusters
were randomized (ratio of 1:1) to the intervention or
control arm. Mothers were enrolled in the third trimes-
ter of pregnancy and followed up for 50 days postpar-
tum. Each village had a recruiter (pregnancy monitor)
who was elected during a community meeting and who
notified the research team of all pregnant women in her
village during the study period and of all births. During
home visits, research assistants recruited women of 28
or more weeks pregnant who were resident in the se-
lected clusters. They were followed up on days 1, 7, 28,
and 52 postpartum.

Study participants
All newborns of mothers participating in the cluster ran-
domized controlled trial, who were alive on the day of
examination, within 1 week of birth, and whose guard-
ians consented to a glucose measurement, were eligible
for the study. Severely ill neonates who were admitted to
hospitals at the time of the study were excluded.

Study procedure
Trained midwives visited the mother as soon after birth
as possible, but no later than 1 week after birth, and ob-
tained a random blood sugar by pricking the newborn’s
heel. Random blood glucose was measured in mmol/l
using an On Call® Plus glucometer (ACON Laboratories,
Inc., 10125 Mesa Road, San Diego, CA, USA), a point-
of-care test. Under aseptic conditions, we obtained blood
samples from the heels of neonates. The heel was first
cleaned with alcohol swabs and dried with cotton. A
single-use safety lancet was used to prick the heel.
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Maternal random blood glucose was also obtained at the
same time from a finger prick. The team was closely su-
pervised by a pediatric endocrinologist and a medical
doctor who had trained them on sample collection, ob-
served their initial procedures, and occasionally sitting in
during the recruitment visits to ensure the standard op-
erating procedures were followed.

Study variables
To determine risk factors for neonatal hypoglycemia, we
analyzed neonatal blood glucose as a continuous outcome.
To determine short-term outcomes of neonatal
hypoglycemia, we used a categorized neonatal blood glu-
cose measurement. A cutoff of < 47mg/dl was used, as it
was most commonly used in prior studies and is not that
different from more recent suggestions [2, 3, 17–19]. We,
however, also investigated cutoffs of < 60mg/dl and < 70
mg/dl [3]. Data was collected on several risk factors during
pregnancy and immediately after birth. This included ma-
ternal age, parity, maternal education, paternal education,
wealth, singleton or multiple birth, sex of the newborn,
place of birth, birth weight, early breastfeeding initiation,
bathing of the newborn, maternal BMI, age of baby, and
the place the newborn was immediately after birth.
Wealth quintiles were calculated from an asset-based
index using principal component analysis [20], based on
ownership of assets in the household, including mobile
phone, radio, land, cupboard, bicycle, motorcycle, and
assessing the household dwelling characteristics—material
of the floor, roof, and wall. We defined early breastfeeding
initiation as the initiation of breastfeeding within 1 h of
birth and delayed breastfeeding initiation as the initiation
of breastfeeding later than 1 h after birth. Low birth
weight was defined as being < 2.5 kg.

Power and sample size
The sample size was limited by the size of the parent
study. We enrolled 1416 neonates who were part of the
parent cluster randomized trial. This sample size results
in an absolute precision of 1.2 to 4.4%, i.e., the difference
between the point estimate and the 95% confidence
interval (CI) for incidence values ranging from 2 to 50%.

Data analysis
We summarized categorical variables as proportions and
continuous variables as means (SD) or medians (IQR)
and compared them using Student’s t tests or Mann-
Whitney U tests as appropriate. The prevalence of neo-
natal hypoglycemia was defined as blood glucose < 47
mg/dl. We used linearized variance estimation adjusting
for clustering to compute the confidence intervals
around the estimates. To determine the factors associ-
ated with neonatal hypoglycemia, a multivariable linear
regression mixed-effects model was used in which the

random effect was the cluster. Based on scientific litera-
ture and biological plausibility, the following covariates
were added to the fixed effects part of the model, low
birth weight, delayed breastfeeding initiation, bathing of
the baby in the first 24 h, maternal hyperglycemia (blood
glucose ≥ 198 mg/dl), any maternal complication during
birth, maternal age, maternal education, parity, place of
birth, wealth index, and cesarean section. Since this
study was nested in a cluster randomized controlled
trial, the trial arm was added as a fixed effect. We as-
sumed an exchangeable correlation and used maximum
likelihood estimation in fitting the model. All analyses
were done using STATA 14.0 (StataCorp, College Sta-
tion, TX, USA).

Ethical considerations
Ethical approval for the study was obtained from the fol-
lowing bodies: (1) Research and Ethics committee
School of Medicine, Makerere University (SOMREC:
REF 2015-121); (2) Uganda National Council of Science
and Technology (UNCST: SS 3954); and (3) Regional
Committees for Medical and Health Research Ethics
(REK VEST 2017/2079). We obtained written informed
consent from the caretakers of all participants in the
study. Participants whose neonates were hypoglycemic
were encouraged to breastfeed immediately and, when
necessary, a referral to the nearest health facility was
facilitated.

Results
Participant characteristics
We examined 1416 participants (Fig. 1). The mean age
of participants was 3.1 days (standard deviation (SD)
2.1). The mean weight of the participants was 3.2 kg (SD
0.5). The average age of their mothers was 24.7 years
(6.8). Further characteristics are given in Table 1.

Proportion of neonates with hypoglycemia in the first 7
days of life
The mean neonatal blood glucose level was 81.6 mg/dl
(SD 16.8), and the median blood glucose 81 (IQR 70.2,
93.6). The prevalence of a blood glucose concentration <
47mg/dl was 2.2% (31/1416): 95% CI 1.2%, 3.9%.

Risk factors for neonatal hypoglycemia
The risk factors for neonatal hypoglycemia were delayed
breastfeeding initiation, bathing the baby in the first 24 h
after birth, and the baby’s age 3 days or younger at
examination. Mean blood glucose levels were 2.6 mg/dl
lower among neonates who were breastfed later than 1 h
compared to those who were breastfed in the first hour
after birth [adjusted mean difference, − 2.6; 95% CI, −
4.4, − 0.79]. Neonates bathed within the first 24 h after
birth had on average 2.3 mg/dl higher glucose
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concentration than those who were bathed afterwards
[adjusted mean 2.3; 95% CI, 0.46, 4.2]. At the time of
examination, neonates 3 days old or younger had an
average of 12.2 mg/dl lower glucose concentration than
those over 3 days [adjusted mean, − 12.2; 95% CI, − 14.0,
− 10.4] (Table 2, Fig. 2).

Discussion
The prevalence of neonatal hypoglycemia in the first week
of life was low (2.2%). The mean random blood glucose of
our sample population was 82.1mg/dl (SD 17.5), which is
much lower than reported by others [21–24], possibly for
two reasons. First, our population had high levels of early
breastfeeding initiation and continued breastfeeding [16].
Since breastfeeding prevents and resolves neonatal
hypoglycemia [1, 3], the neonates who could or might
have suffered from neonatal hypoglycemia were promptly
managed. Second, the study population had a very low
prevalence of maternal hyperglycemia (a marker of dia-
betes mellitus) and low birth weight (a marker of prema-
turity). This corresponds to findings from a nationwide
survey in Uganda that reported a prevalence of impaired
fasting glycemia of 2% [25]. Since maternal hyperglycemia
is one of the causes of neonatal hypoglycemia [3], the low
population prevalence could partly explain the low preva-
lence of it in our selected population. Nonetheless, our

findings are similar to those obtained from two American
and one Indian study [26–28].
Delayed breastfeeding initiation was associated with

neonatal hypoglycemia. This finding is not surprising, and
it has been reported by previous authors [21, 28, 29];
breastfeeding is an initial means of correcting neonatal
hypoglycemia [1]. This finding reinforces the need to en-
courage mothers to breastfeed their babies within the first
hour after birth. It also sheds light on a potential mechan-
ism through which delayed breastfeeding could increase
the risk of neonatal morbidity and mortality [30].
Bathing the newborn within 24 h after birth was also

associated with neonatal hypoglycemia. This can be ex-
plained by the fact that bathing newborns within 24 h of
birth predisposes them to cold stress and hypothermia
[31], which are risk factors for neonatal hypoglycemia
[28]. However, in our study sample, the association be-
tween hypothermia and hypoglycemia was very weak
and imprecise. As such, the association between bathing
the newborn within 24 h and hypoglycemia could be
non-casual. This non-causal association could result
from both neonatal hypoglycemia and bathing newborns
within 24 h after birth causing neonatal hypothermia
[32]. This would result in a conditional association be-
tween neonatal hypoglycemia and bathing the newborn
within 24 h after birth. We therefore suggest that this

Fig 1 Study profile of neonates assessed for hypoglycemia in Lira District, Northern Uganda
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association could result from a form of collider bias
[32–35].
Neonates of 3 days or younger had lower blood glu-

cose concentrations compared to older ones. The inci-
dence of neonatal hypoglycemia decreases as the child
ages [21], which might explain this difference. This is be-
cause physiological transitional hypoglycemia resolves
within the first 48-72 h, after which blood neonatal
blood glucose levels gradually increase [3, 22].

Limitations
Our study had some limitations. First, our loss to follow-
up and inability to reach some neonates within the first
week of life might have resulted in selection bias. Since
we did not examine hospitalized neonates, who might
have had lower blood glucose values than healthier neo-
nates, we could have underestimated the burden of neo-
natal hypoglycemia. Second, we could only take one

Table 1 Characteristics of newborns assessed for hypoglycemia
in Northern Uganda

Variable Frequency (n = 1416) Percentage

Mother’s age

≤ 19 369 26.1

20-30 760 53.7

> 30 287 20.3

Mother’s education

None 184 13

Primary 1107 78.2

Secondary 107 7.6

Tertiary 18 1.3

Father’s education

None 25 1.8

Primary 843 59.5

Secondary 347 24.5

Tertiary 77 5.4

Missing 124 8.8

Parity

≤ 1 637 45

2-4 484 34.2

> 4 295 20.8

Place of birth

Home 464 32.8

Health facility 951 67.2

Missing 1 0.1

Cesarean section

No 1380 97.5

Yes 36 2.5

Marital status

Single 124 8.8

Married 1292 91.2

Electricity

No 1262 89.1

Yes 154 10.9

Delayed or no cry

No 1347 95.1

Yes 69 4.9

Birth weight

Normal 1153 81.4

Low birth weight 75 5.3

Missing 188 13.3

Phone in home

No 623 44

Yes 793 56

Table 1 Characteristics of newborns assessed for hypoglycemia
in Northern Uganda (Continued)

Variable Frequency (n = 1416) Percentage

Wealth index

Poorest 286 20.2

2 349 24.6

3 268 18.9

4 243 17.2

Richest 270 19.1

Oxygen administered

No 1402 99.0

Yes 13 0.9

Missing 1 0.1

Bathed baby in first 24 h

No 591 41.7

Yes 820 57.9

Missing 5 0.4

Maternal antenatal BMI

< 18.5 11 0.8

18.5-24.9 1174 83.7

25-29.9 194 13.7

≥ 30 24 1.7

Missing 13 0.9

Maternal hyperglycemia

No 1393 98.4

Yes 23 1.6

Breastfeeding initiation

Late 530 37.4

Early 876 61.9

Missing 10 0.7
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blood glucose measurement, which could have re-
sulted in a lower estimate of neonatal hypoglycemia.
We recommend that future studies take repeated
blood sugar measurements if possible. Finally, we did
not obtain information on the last time the child was
breastfed prior to blood glucose sampling, or on the
consumption of products such as tea and herbs prior
to our test.

Conclusion
The incidence of neonatal hypoglycemia was low in
this community and was predicted by delayed breast-
feeding initiation and child age of 3 days or less. We
therefore suggest targeted screening and management
of neonatal hypoglycemia among neonates younger
than 3 days and those who experience delay in breast-
feeding initiation.

Table 2 Risk factors of neonatal hypoglycemia in Northern
Uganda

Bivariable Multivariable

Unadjusted
mean difference
(95mg/dl% CI)

Adjusted mean
difference (95% CI)

Intervention group

Control 0 0

Intervention − 1.6 (− 4.1, 0.84) − 1.2 (− 3.4, 0.99)

Maternal hyperglycemia

No 0 0

Yes − 0.61 (− 7.5, 6.3) − 0.22 (− 7.2, 6.7)

Age of neonate

> 3 days 0

≤ 3 days − 12.9 (− 14.5, − 11.2) − 12.2 (− 14.0, − 10.4)

Maternal antenatal BMI

< 18.5 1.1 (− 8.9, 11.0) 1.1 (− 8.0, 10.2)

18.5-24.9 0 0

25-29.9 0.37 (− 2.2, 2.9) 1.7 (− 0.96, 4.3)

≥ 30 − 0.56 (− 7.3, 6.2) − 0.37 (− 7.3, 6.6)

Low birth weight (less than 2.5 kg)

No 0 0

Yes − 0.76 (− 4.6, 3.1) 0.48 (− 3.1, 4.1)

Bathed baby before visit

No 0 0

Yes 4.8 (3.0, 6.6) 2.3 (0.46, 4.2)

Breastfeeding initiation

Early 0 0

Late − 2.4 (− 4.2, 0.57) − 2.6 (− 4.4, − 0.79)

Maternal complications during pregnancy

No 0 0

Yes 1.1 (− 0.65, 2.9) − 1.2 (− 3.5, 1.1)

Neonatal hypothermia

No 0 0

Yes − 1.4 (− 3.8, 1.1) − 1.2 (− 3.5, 1.1)

Age of mother

≤ 19 0 0

20-30 1.6 (− 0.50, 3.7) 0.76 (− 1.3, 2.9)

> 30 0.30 (− 2.2, 2.9) − 0.02 (− 2.8, 2.7)

Mother’s education

None 0 0

Primary 1.2 (− 1.4, 3.8) 0.60 (− 2.1, 3.3)

≥ Secondary 1.7 (− 2.1, 5.5) 1.0 (− 3.0, 5.0)

Place of birth

Health facility 0 0

Home 1.3 (− 0.65, 3.1) − 0.20 (− 2.2, 1.8)

Table 2 Risk factors of neonatal hypoglycemia in Northern
Uganda (Continued)

Bivariable Multivariable

Unadjusted
mean difference
(95mg/dl% CI)

Adjusted mean
difference (95% CI)

Wealth quintiles

1 (poorest) 0 0

2 − 0.72 (− 3.3, 1.9) − 0.63 (− 3.2, 2.0)

3 − 1.4 (− 4.2, 1.4) − 1.7 (− 4.4, 1.1)

4 − 0.52 (− 2.4, 3.4) 0.11 (− 2.8, 3.0)

5 (richest) − 0.30 (− 3.1, 2.5) − 0.93 (− 3.8, 1.9)

Fig. 2 Mean blood glucose, with 95% confidence intervals, of
neonates from the age of 1 to 7 days in Northern Uganda
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ORIGINAL ARTICLE

Adding video-debriefing to Helping-Babies-Breathe training enhanced
retention of neonatal resuscitation knowledge and skills among health
workers in Uganda: a cluster randomized trial
Beatrice Odongkara a,b,c, Thorkild Tylleskär b, Nicola Pejovic b,d, Vincentina Achoraa,c,e, David Mukunyab,
Grace Ndeezic, James K. Tumwine c and Victoria Nankabirwab,c,f

aDepartment of Paediatrics and Child Health, Gulu University Faculty of Medicine, Gulu, Uganda; bCenter for International Health,
University of Bergen, Bergen, Norway; cCollege of Health Sciences, School of Medicine, Department of Paediatrics and Child Health,
Makerere University, Kampala, Uganda; dDepartment of Neonataology, Sachs’ Children and Youth Hospital, Stockholm, Sweden;
eCollege of Health Sciences, School of Medicine, Department of Obstetrics and Gynaecology, Makerere University, Kampala, Uganda;
fCollege of Health Sciences, School of Public Health, Makerere University, Kampala, Uganda

ABSTRACT
Background: Skilled birth attendants must be competent to provide prompt resuscitation to
save newborn lives at birth. Both knowledge and skills (competence) decline with time after
training but the optimal duration for refresher training among frontline-skilled birth atten-
dants in low-resource settings is unknown.
Objectives: We assessed the effect of an innovative Helping-Babies-Breathe simulation-based
teaching method using video-debriefing compared to standard Helping-Babies-Breathe train-
ing on 1) neonatal resuscitation knowledge and skills attainment and 2) competence reten-
tion among skilled birth attendants in Northern Uganda.
Methods: A total of 26 health facilities with 86 birth attendants were equally randomised to
intervention and control arms. The 2nd edition of the American Association of Pediatrics
Helping-Babies-Breathe curriculum was used for training and assessment. Knowledge and
skills were assessed pre- and post-training, and during follow-up at 6 months. A mixed effects
linear regression model for repeated measures was used to assess the short and long-term
effects of the intervention on neonatal resuscitation practices while accounting for clustering.
Results: Eighty-two (95.3%) skilled birth attendants completed follow-up at 6 months.
Approximately 80% of these had no prior Helping-Babies-Breathe training and 75% reported
practicing neonatal resuscitation routinely. Standard Helping-Babies-Breathe training with
video-debriefing improved knowledge and skills attainment post-training [adjusted mean
difference: 5.34; 95% CI: 0.82–10.78] and retention [adjusted mean difference: 2.97; 95% CI:
1.52–4.41] over 6 months post-training compared to standard training after adjusting for
confounding and clustering. Factors that reduced knowledge and skills retention among birth
attendants were monthly resuscitation of one neonate or more and being in service for more
than 5 years.
Conclusion: Adding video-debriefing to standard Helping-Babies-Breathe training had an
effect on birth attendants’ competence attainment and retention over 6 months in Uganda.
However, more research is needed to justify the proposed intervention in this context.
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Background

Despite the global effort to improve knowledge and
skills among frontline-skilled birth attendants (SBAs),
the reduction in neonatal mortality – especially in low-
resource settings including Uganda – has been modest
[1]. Uganda is committed to the global Sustainable
Development Goal (SDG) 3.2 of reducing neonatal
mortality to <12 per 1000 live births by 2030. To achieve
this, innovation and creativity in training methods are
needed. Methods such as video-debriefing can poten-
tially enhance neonatal resuscitation knowledge and
skills attainment, and retention among SBAs.

Debriefing is a process of information stimulus and
response used by highly skilled professionals working in

high-risk industries such as aviation, army, and health-
care systems, to improve behaviour or performance
and promote clients and patients’ safety [2,3]. Video-
debriefing is the use of post-event video recordings to
facilitate debriefing and learning among frontline SBAs.
An SBA is a formally trained health-worker who pro-
vides skilled care to pregnant mothers during delivery.

Globally, about 10% of neonates require support to
establish breathing at birth. Of these, >90% can be saved
with low-cost interventions, such as the Helping-Babies
-Breathe (HBB) training program. The HBB program is
simulation-based training that utilizes neonatal simula-
tors known as NeoNatalie manikin (Laerdal Global,
Stavanger, Norway) to impart neonatal resuscitation
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knowledge and skills among SBAs in low-resource set-
tings [1]. The 2nd edition of the standard American
Association of Pediatrics (AAP) HBB curriculum con-
sists of principles of basic neonatal resuscitation,
a multiple-choice questionnaire (MCQ) on knowledge,
and bag-mask ventilation (BMV) and objective struc-
tured clinical examinations A and B (OSCE-A & B)
skills checklists [4,5].

Since the introduction of the HBB programme in
2010, many SBAs in low-resource settings have been
trained and thousands of newborn babies have
received neonatal resuscitation. While many studies
have documented a decline in knowledge and skills
with time after HBB training, the rate of knowledge
and skills decline and the optimal timing for institut-
ing refresher training are unknown [6–8].

Furthermore, several studies demonstrate conflicting
benefits of the HBB training program to the attained
knowledge and skills of neonatal care practices and
survival. A study in Tanzania showed no knowledge
and skills translation into neonatal care practice post-
training [9]. A systematic review reported improved
neonatal survival within the first 24 h of life but was un-
sustained at 28 days of life [10]. The relative rarity of
birth asphyxia and the opportunity to practice neonatal
resuscitation skills by trained SBAs may explain this
paucity of knowledge and skills [11,12]. A randomized
trial of a booster training strategy by hands-on or video
trainings at 3–5 months among resident physicians in
the United States of America (USA) showed no bene-
ficial effects regarding the retention of knowledge and
skills [13], while evidence from a longitudinal study in
the Sudan showed that regular manikin practice was
associated with skills retention among village midwives
one year after training [14].

In view of the conflicting findings above, we
hypothesized that a cluster-randomized trial of an inno-
vative teaching method of adding video-debriefing to
standard neonatal resuscitation training compared with
standard training alone would improve knowledge and
skills attainment and retention among SBAs in Lira
district, northern Uganda, over a 6 months’ follow-up
period. The main objectives of the study were to: 1)
assess the effect of standard HBB training with video-
debriefing compared with standard training alone on
SBAs’ knowledge and skills attainment immediate post-
training and 2) estimate the effect of this modified
teaching method on knowledge and skills retention
over 6 months’ period after training.

Methods

We conducted a cluster-randomized trial of 26 health
facility (HF) clusters (18 public and 8 private) conduct-
ing deliveries in Lira District, Northern Uganda, over
a 6-month follow-up period. The district has a low
proportion of health facility deliveries (<60%), and

a high neonatal mortality (30/1000 live births, above
the national average of 19/1000) [15]. A total of 86
SBAs from 26 HF clusters were trained in June 2018
and followed-up for 6 months from July 2018 to
January 2019. A cluster design was deemed appropriate
to study interventions that target a group of SBAs from
the same institution with similar characteristics and
behaviour while controlling for cross contamination
across individuals from the same facility, had they
been individually randomized.

Sample size for clusters

To calculate the number of clusters, we assumed a fixed
number of clusters, minimal intra-cluster variability,
variable cluster sizes (2 to 6 SBAs each), and minimum
sample size to detect a 30% difference in competence
(knowledge and skills) between intervention and con-
trol arms. Adding 20% loss to follow up, a total of 26
clusters (13 in each arm), were deemed adequate [16].

Sampling: All trial participants providing delivery
and neonatal care were selected per cluster to parti-
cipate in the training using the population propor-
tional to sample size. Most facilities, however, had
between 2 and 6 SBAs. In such cases, all were
included in the training program.

Restricted randomization, allocation concealment,
and blinding were done by a statistician who was not
part of the study. The clusters were randomized into
intervention and control arms in a ratio of 1:1. The
assessors/research assistants were blinded to the inter-
vention allocations, but the study participants, the
principal investigator (PI) and trainers knew the
group on the day of the training. The PI and assess-
ment team were blinded to the HF intervention alloca-
tion throughout the follow-up period, by the data
manager who kept the randomization codes. This con-
trolled both performance and assessment bias.

Inclusion and exclusion criteria

We included HFs and SBAs providing delivery and
newborn care services. Community vaccinators and
laboratory technicians who turned up for training
and were neither providing delivery nor newborn
care were excluded.

Description of interventions

The control arm received standard HBB training
alone. The intervention arm received video-debriefing
in addition to the standard HBB training.

The control (standard HBB training) arm

International, national and regional HBB facilitators
trained the SBAs using the 2nd edition of the AAP
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HBB training curriculum for 2 days. On Day 1 of the
training, all SBAs received pre-test knowledge and
skills assessments in the order of MCQs, BMV,
OSCE-A and OSCE-B, respectively. The pre-test was
followed by integrated lectures and demonstrations
on neonatal resuscitation skills. The topics covered
during the training were: 1) the current global status
of newborn health and the burden of neonatal mor-
bidity and mortality, 2) birth preparedness in the
labour suit, and 3) care of the healthy, sick and very
sick newborn who require resuscitation and/or refer-
ral care. Question and answer sessions followed the
lectures. The SBAs were then divided into three
groups of 6–8 for further practical demonstrations
and group practice of birth preparedness, ventilation
skills, care of both healthy and sick newborn. A total
of 6 h (3 h each day) was allowed for skills practice.
Each group spent 2 h in each of the three skills
sessions. During the different practical sessions,
time was given for group practice in threes (a birth
attendant, a mother and an assistant). The partici-
pants could ask the trainers and PI questions and
clarifications on some difficult practical skills techni-
ques. On the second day of the training, after all the
SBAs were satisfied with the acquired resuscitation
skills techniques, a post-test assessment was given in
a similar way as the pre-test. Ongoing training was
assessed at the end of each day using the Kirkpatrick
training assessment tool to improve the quality of
training and maximize learning [17].

Intervention arm (standard HBB training and
video-debriefing)

In addition to the standard HBB training, the inter-
vention arm had their HBB simulation sessions
video-recorded and used for debriefing. Participants
were divided into two groups. One group remained
in the video-debriefing session, while the other went
for practical skills sessions as described in the stan-
dard HBB training alone. During debriefing, partici-
pants also worked in teams of threes (a birth
attendant, a mother and an assistant). Prior to the
debriefing, the participants were asked to set learning
objectives at the beginning of each practical session
using the SHARP (Set learning objectives, How it
went, Address concerns, Review learning points,
Plan ahead) debriefing tool [18]. At the end of each
practice session, SBAs were asked how the session
had gone and concerns arising from the practice
were addressed. In addition, the learning objectives
were reviewed, and the participants planned for
improved performance. This was followed by viewing
of the video recording by the group, with learning
points and feedback being given by the participants
in the simulation scenario, followed by the rest of the
group members and the facilitator. After watching

the video, the next team had their practice sessions.
During each session, the facilitator read the case
scenarios aloud. The team simulated this while
being videotaped. This was done until every partici-
pant had had his/her turn to be a birth attendant. The
objective assessment of debriefing (OSAD) tool was
used to guide the facilitators during debriefing ses-
sions [18].

Debriefing was done in a separate room from the
HBB skills training rooms with participants and two
debriefing leaders/facilitators in attendance. As in the
control arm, all the participants in the intervention
group were encouraged to practice while asking the
facilitators questions and seeking clarification. Finally,
post-training knowledge and skills assessment were
given to the SBAs in the same way as in the control arm.

Knowledge and skills assessment

Knowledge and skills attainment were defined as the
percentage scores in knowledge and skills tests in the
immediate post-training period. Skills assessments were
done using validated HBB program tools (BMV, OSCE-
A and OSCE-B checklists] for assessing neonatal resus-
citation skills among SBAs using NeoNatalie manikin
[5]. Knowledge was assessed using the standardised
HBB MCQs. Assessments were done pre- and post-
intervention, and during subsequent longitudinal fol-
low-up at 1, 3 and 6 months. The skills scores were
obtained by taking the means scores for BMV, OSCE-A
and OSCE-B. Scores were presented in percentages and
analysed as continuous variables.

Outcome variables

The two outcomes measured were 1) knowledge and
skills attainment in the immediate post-training per-
iod, and 2) knowledge and skills retention over
a 6-month follow-up period.

Independent variables (covariates)

Data were collected on the socio-demographic character-
istics of SBAs (age, sex, educational qualifications and
occupation), health unit type, number of deliveries at the
health unit, HBB training experience, number of HBB
training sessions attended and duration since last train-
ing, number of years spent in services, monthly number
of neonatal resuscitations conducted prior to training,
routine newborn resuscitation practices, and routine
delivery care in the past 6 months. The occupation of
the health workers was categorised as nurses/midwives,
and clinical officers/doctors. Qualification was defined as
the highest attained level of education: certificate,
diploma, bachelor’s degree, master’s degree, and cate-
gorised as certificate, diploma or degree. HBB training
experience was recorded as ‘yes’ if the person had ever
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attended at least one training. The duration since last
training was recorded in months. Routine delivery and
resuscitation practices were recoded as ‘yes’ if one pro-
vided delivery and neonatal resuscitation care at one’s
facilities on a regular basis or daily. The number of
resuscitations per facility was counted from the birth
registers and recorded as the number of babies resusci-
tatedwhichwas subsequently categorized as none, one or
more. Each health worker was also asked to record the
number of babies he/she had resuscitated in the previous
month prior to the training. The number of deliveries
was physically counted as the total number delivered per
facility and health workers were also asked to record the
averagemonthly number of deliveries attended and these
were categorized as none, 1 to 9 and 10 or more.

Quality control

Research assistants were trained, and the instruments
pre-tested. The HBB trainers were nationally trained
facilitators. The PI and research assistants were
trained in neonatal resuscitation, assessment methods
and debriefing by a master trainer from Sachs’
Children and Youth Hospital, Stockholm, Sweden.
Both internal and external validity, and reliability of
the OSCE scores, were checked by the PI who parti-
cipated in a few of the skills sessions while making
independent observations.

Data management and analysis

The Data were collected using standardized HBB
knowledge (MCQ) and skills (BMV and OSCE-A &
B) assessment tools. The data were entered using EPI
Data 3.1 (EpiData Association; Enghavevej 34, DK5230
Odense M, Denmark) and exported to STATA Version
14 (StataCorp; College Station, TX, USA) for analysis.

Intention to treat analysis was done. At bivariable
analysis, baseline categorical variables were summar-
ized into proportions and presented in a table. Chi-
squared tests were in bivariable analysis to screen for
significant differences in baseline SBAs’ sociodemo-
graphic and HF characteristics between intervention
and control arms. Continuous variables were summar-
ized as means with standard error. The mean differ-
ences between the two arms (intervention and control)
were compared using two sample t-tests and the results
presented in a table. The years in service and monthly
number of resuscitations conducted which had P-value
<0.10 at baseline bivariable analysis were included in
the multilevel mixed effects linear regression model, in
order to control for differences in baseline characteris-
tics, clustering and repeated measurements from the
same SBAs over time. Stratified analysis and adjustment
in multivariable analysis for confounding were carried
out. A factor was deemed confounding if 1) the crude
and adjusted mean difference in scores deferred by

≥10%, and/or 2) the crude mean difference was outside
the strata-specific mean difference ranges or known
apriori (sex, age, and prior HBB training). The fixed
and random effects were intervention and health facility
clusters, respectively. The statistical significance level
was set at a P-value < 0.05.

Ethics

Ethical clearance was obtained from the Makerere
University School of Medicine Research and Ethics
Committee (SOMREC), reference number 2015–085,
and the Uganda National Council of Science and
Technology (UNCST), reference number HS 2478, the
Ministry of Health through Lira District Health Office
and health facility administrations. Clearance was also
sought from the Norwegian Research Council.
Assessment was done by the Norwegian Regional
Committee for Medical and Health Research Ethics
(REK Vest). The study was found to be outside their
jurisdiction and hence qualified for exemption (2018/
58/REK Vest). The study was registered at
ClinicalTrials.gov (NCT03703622). Written informed
consent was obtained from all the trial SBAs. Informed
consent was also obtained from the participants before
the video-recording. SBAs were not at risk, since we used
simulation-based clinical case scenarios. For fairness of
participation, we included SBAs from both public and
private delivery facilities and from all HFs providing
delivery and newborn care. Training frontline service
providers (SBAs) ensured the provision of quality deliv-
ery and newborn care to reduce neonatal mortality in the
region. This paper was prepared in accordance with
CONSORT guidelines [19,20].

Results

Trial profile

The trial profile is presented in the CONSORT flow
chart (Figure 1). A total of 26 HFs (clusters) were
randomised into intervention or video-debriefing plus
standard HBB training or control (standard HBB train-
ing only) in a ratio of 1:1 (Figure 1). Ninety-six SBAs
were identified for training. After excluding seven who
did not report for training and three who were provid-
ing neither delivery nor newborn care, 86 remained in
the final sample. All the 26 clusters had SBAs trained
and followed up for 6 months. The control arm wit-
nessed a higher loss to follow-up throughout the study
period. Follow-up at 6 months was about 95% (82/86).

Characteristics of trial participants

The baseline characteristics were similar between
groups except for the SBAs’ years spent in services
(P = 0.04) and the monthly number of resuscitations
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conducted. Most of the SBAs (80%) had no prior HBB
training before our intervention. Approximately 69% of
the participants were from public (government) HFs
and the majority of SBAs (84%) were from lower HFs
(HCIIs and IIIs). Details are given in Table 1.

Effects of video-debriefing on skills attainment
and retention up to 6-months post-training

Knowledge and skills attainment

Adding video-debriefing to standard HBB training had
a significant effect on skills and the combined knowl-
edge and skills (competence) attainment in the immedi-
ate post-training period after adjusting for baseline
characteristics. Details are summarized in Table 2.

Knowledge and skills retention

Adding video-debriefing to standard HBB training had
significant effects on both skills and competence (knowl-
edge and skills) retention over the 6-month period after

controlling for differences in baseline characteristics
(confounding) and clustering. SBAs who resuscitated at
least one baby per month and those who had more than
5 years in service had less retention of neonatal resuscita-
tion competence during the 6-month follow-up period.
The summaries of mean differences and respective 95%
CI of mean differences are presented in Table 3.

When we adjusted for SBAs’ age, sex, monthly
number of resuscitations, prior HBB training experi-
ence, and clustering instead of years in service at
6 months, the intervention effect on knowledge and
skills mean difference remained statistically significant
(adjusted mean difference: 3.76; 95% CI: 0.81–6.70).
Details of analyses for confounding in Appendix.

Trends in knowledge and skills mean scores
between intervention arms over time

The overall knowledge and skills mean scores in both
intervention and control arms improved in the
immediate post-training period. In the follow-up per-
iod, the video-debriefing arm scored higher marks

Figure 1. CONSORT flow chart trial participants.
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throughout. There was a marked difference in knowl-
edge and skills scores with means scores for knowl-
edge being significantly higher than the overall and
individual skills components. It is important to note
that, at baseline, all SBAs scored higher in knowledge
than skills. The summaries of trends are presented in
Figure 2; the P-value < 0.05 showed significant differ-
ences of means scores between intervention and con-
trol arms throughout the assessment.

When analysis was done at different time points as
in Table 2, significant findings following adjustment
for the differences in baseline characteristics, showed
higher scores in intervention groups for bag and
mask ventilation in the immediate post-test period.
Similar observation was also seen for skills and the
overall competence at the immediate post-test period
and at 6 months. In Table 3, the overall mean scores
were higher among the intervention group than those
in control group over the 6-month period. What this
means is that when scores are compared at different

time points, the intervention effect is minimal on
both competence and knowledge scores. However,
pooling the scores over 6 months, a statistically sig-
nificant difference exists between intervention and
control arms with knowledge, skills and competence
being higher in the video-debriefing arm than in the
control arm. An analysis of variance (ANOVA) and
a generalized estimation equation (GEE) models for
the pooled analysis also yielded comparable results.

Discussion

Our study showed that SBAs in the intervention arm
were more likely to attain and retain neonatal resus-
citation knowledge and skills than those in the con-
trol arm in the immediate post-training period and
over a 6-month period. SBAs who routinely resusci-
tated at least one or more neonates per month and
those who had spent more than 5 years in service
exhibited reduced neonatal resuscitation competence

Table 1. Sociodemographic characteristics of the trial participants.

Characteristics

All
n (%)
N = 86

Intervention
n (%)
N = 45

Control
n (%)
N = 41 P value

Sex
Male 13(15.1) 9(20.0) 4(9.8) 0.22
Female 73(84.9) 36(80.0) 37(90.2)
Qualification
Degree/Diploma 32(37.2) 17(77.8) 15(36.6) 0.91
Certificate 54(62.8) 28(62.2) 26(63.4)
Profession
Midwife/Nurse 77(89.5) 42(93.3) 35(85.4) 0.17
Doctor/Clinical Officer 9(10.47) 3(6.7) 6(14.6)
No. of Years in service
≤5 43(52.4) 18(40) 25(61.0)
6–15 26(30.2) 15(33.3) 11(26.8) 0.27
15 17(19.8) 12(26.7) 5(12.2) 0.04*
Prior HBB trained
Yes 17(19.8) 9(20.0) 8(19.5) 0.96
No 69(80.2) 36(80.0) 33(80.5)
Duration since last training
≤12 months 9(52.9) 4(44.4) 5(62.5)
>12 months 8(47.1) 5(55.6) 3(37.5) 0.37
Not trained 69(80.2) 36(80.0) 33(80.5) 0.62
Number of HBB trainings
once 12(14.0) 7(15.6) 5(12.2)
2 or more 5(5.8) 2(44.4) 3(7.3) 0.54
None 69(80.2) 36(80.0) 33(80.5) 0.74
Health Facility type
Public 59(68.6) 39(86.7) 20(48.8) 0.12
Private 27(31.4) 6(13.3) 21(51.2)
Health Facility level
Health Centre IV–V 14(16.3) 9(20.0 5(12.2) 0.66
Health Centre II–III 72(83.7) 36(80.0) 36(87.8)
Routinely conducts delivery
Yes 71(82.3) 38(84.4) 33(80.5) 0.66
No 15(17.4) 7(15.6) 8(19.5)
Monthly no. of deliveries
≥10 15(20.0) 6(15.4) 9(25.0)
<10 60(69.8) 33(73.3) 37(65.9) 0.39
None 11(12.8) 6(23.3) 5(12.2) 0.49
Routinely resuscitates babies
Yes 63(75.0) 36(80.0) 27(69.2) 0.27
No 21(25.0) 9(20.0) 12(30.8)
Monthly no. of resuscitations
>1 19(22.1) 7(15.6) 12(29.3)
1 55(64.0) 33(73.3) 22(53.7) 0.09
None 12(14.0 5(11.1) 7(17.1) 0.81

*p < 0.05 indicates significant baseline difference between intervention and control arms.
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retention during the follow-up period compared to
their counterparts.

Several studies worldwide have shown that neonatal
resuscitation knowledge and skills decline with time
post-training, with skills showing an even faster rate of
deterioration than what happens to knowledge
[7,9,11,12]. Therefore, HBB training alone does not
guarantee skills retention several months post-training.
Our findings are in agreement with numerous other
studies that have shown that low-cost interventions,
such as daily manikin practice, regular review meetings
and clinical case reviews improve health workers’ per-
formance, including retention of neonatal resuscitation

skills [14,21,22]. The similarity of these studies with our
findings could be due to repeated assessments at regular
intervals which simulate quality improvement cycles
reported by other studies. However, most of these studies
had methodological limitations in assessing skills reten-
tion at individual levels without assessing the effect of
clustering across health facilities. For example,
a multicentre study in hospitals in Kenya and Nepal,
reported that a combination of quality improvement
cycle interventions improved neonatal resuscitation
skills retention among SBAs [21]. The study relied on
self-evaluation checklists filled-in by individual SBAs
after every delivery and it is not clear if there were

Table 2. Bivariable and multivariable analysis for effect of video-debriefing on knowledge and skills scores at different time
points.

Intervention
Mean (SE)

Control
Mean (SE)

(Intervention – Control)
Mean diff. (95% CI)

Adjusteda

Mean diff (95% CI) P value

Knowledge
Pretest 81.35(1.98) 78.04(2.19) 3.31(−2.54–9.16) 1
Post test 91.35(1.43) 89.16(2.66) 2.20(−3.60–7.99) 3.96(−1.60–9.52) 0.162
1 month 87.88(1.54) 86.71(1.56) 1.17(−3.23–5.57) 2.33(−2.07–6.73) 0.300
3 months 91.48(1.061) 91.93(1.16) 0.45(−3.60–2.69) 0.65(−2.36–3.66) 0.673
6 months 91.25(1.47) 90.19(1.56) 1.06(−3.23–5.34) 2.02(−2.02–6.01) 0.326
Bag Mask Ventilation
Pretest 39.05(3.38) 40.50(4.09) −1.45(−11.94–9.04) 1
Post test 94.99(1.10) 85.88(3.55) 9.12(2.13–16.10)* 10.50(0.65–17.35) 0.003*
1 month 95.12(1.57) 92.69(1.96) 2.42(−2.5 4–7.36) 1.72(−3.27–6.72) 0.499
3 months 96.00(0.94) 94.12(1.29) 1.87(−1.27–5.02) 2.17(−1.17–5.53) 0.203
6 months 95.25(1.07) 91.36(2.03) 3.89(−0.54–8.32) 4.04(−1.08–9.16) 0.122
OSCE-A
Pretest 56.33(2.98) 48.81(3.06) 7.53(−0.99–16.04) 1
Post test 83.26(1.86) 82.05(2.81) 1.21(−5.33–7.74) 2.61(−3.67–8.88) 0.416
1 month 83.40(1.89) 83.06(2.41) 0.34(−5.69–6.37) 1.85(−3.85–7.56) 0.524
3 months 93.03(1.42) 90.49(1.92) 2.53(−2.16–7.23) 2.66(−1.96–7.27) 0.259
6 months 92.59(1.56) 89.48(1.68) 3.11(−7.67–1.45) 4.33(−0.12–8.78) 0.057
OSCE-B
Pretest 37.45(2.15) 41.58(2.54) −4.13(−10.72–2.46) 1
Post test 95.50(0.77) 92.19(2.52) 3.31(−1.64–8.26) 4.30(−0.58–9.17) 0.084
1 month 90.21(0.73) 89.66(1.45) 0.55(−2.53–3.63) 0.31(−2.66–3.27) 0.838
3 months 92.68(1.19) 90.20(0.98) 2.48(−0.65–5.60) 3.56(−0.01–7.14) 0.051
6 months 92.99(1.01) 90.58(1.12) 2.41(−0.58–5.41) 2.76(−0.41–5.94) 0.087
Skills
Pretest 44.28(2.16) 42.77(2.71) 1.50(−5.32–8.32) 1
Post test 91.25(0.90) 86.70(2.59) 4.55(−0.61–9.70) 5.80(0.82–10.78) 0.023*
1 month 89.57(1.05) 88.47(1.55) 1.10(−2.52–4.72) 1.09(−2.47–4.65) 0.549
3 months 93.85(0.90) 91.60(1.09) 2.25(−0.55–5.04) 2.75(−0.49–6.00) 0.097
6 months 93.65(1.00) 90.52(1.40) 3.13(−0.25–6.50) 3.75(0.19–7.31) 0.039*
Knowledge & skills
Pretest 53.55(1.89) 52.23(2.30) 1.32(−4.61–7.24) 1
Post test 91.28(0.92) 87.32(2.56) 3.96(−1.51–9.42) 5.34(0.40–10.28) 0.034*
1 month 89.15(1.01) 88.03(1.25) 1.12(−2.09–4.33) 1.39(−1.72–4.50) 0.381
3 months 93.09(0.76) 91.69(0.93) 1.41(−0.99–3.81) 1.97(−0.65–4.59) 0.140
6 months 93.07(0.98) 90.45(1.26) 2.62(−0.55–5.80) 3.34(0.14–6.54) 0.041*

*p < 0.05, SE: Standard Error, diff.: difference. OSCE: Objective structured clinical examinations A & B, aAdjusted for years in service, number of
resuscitations and clustering. Intervention only explains the BMV post-test result.

Table 3. Bivariable and multivariable mixed effects linear model for knowledge and skills retention by intervention over
6 months.

Intervention
(Video-debriefing)

Mean (SE)
Control

Mean (SE)

Crude
(Intervention – Control)
Mean diff. (95% CI)

Adjusteda

Mean diff. (95% CI) P value

Knowledge 88.67(0.73) 87.01(0.94) 1.65(−0.69–3.99) 2.67(1.44–3.90) <0.001*
Bag Mask Ventilation 83.59(1.77) 80.02(1.99) 3.58(−1.66–8.82) 3.70(−0.27–7.66) 0.068
OSCE-A 81.37(1.30) 78.10(1.59) 3.27(−0.77–7.32) 4.05(2.02–6.07) <0.001*
OSCE-B 81.35(1.64) 79.98(1.71) 1.37(−3.30–6.03) 1.42(−1.54–4.37) 0.347
Skills 82.18(1.45) 79.46(1.66) 2.72(−1.62–7.04) 3.17(1.45–4.89) <0.001*
Knowledge & skills 83.93(1.17) 81.36(1.38) 2.57(−0.98–6.13) 2.97(1.52–4.41) <0.001*

*P-Value < 0.05. SE: Standard Error. mean diff.: mean difference. OSCE: Objective structured clinical examination A & B, aAdjusted for years in service,
routine resuscitation practices, clustering and assessment time interval.
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discrepancies between what was reported and what was
done by the SBAs. Furthermore, the presence of surveil-
lance officers during quality improvement cycle meet-
ings might also have affected the SBAs behaviour, which
in turn could have introduced the Hawthorne effect
(observer bias) in the reported results [21].

On the other hand, the skills retention seen in our
study could have been influenced by frequent assess-
ments at close intervals that could have pressured the
health workers into revising prior to each assessment,
as they were given both wall-charts and participant
manuals for use in their respective facilities. A study
in Honduras showed that frequent OSCE skills prac-
tice among both clinic- and hospital-based staff
improved skills retention after 6-month post-
training [22,23]. In the same study, it was also
observed that skills declined sharply at 1-month post-
training. Similarly, we found a slight decline in the
overall knowledge and skills scores at 1-month post-

training, with the intervention arm maintaining
higher scores than the control arm throughout the
follow-up period. There seemed to be a dose-
response effect on the measures with each assessment
period. Our study findings may also add to the list of
intervention combinations to improve learning and
skills retention among frontline maternal newborn
healthcare workers over time. Consequently, this
may improve neonatal outcomes as we aim for the
2030 SDG 3 regarding the reduction of neonatal
mortality to <12 per 1,000 live births by that year.

Senior SBAs with more than 5 years in service
demonstrated inferior knowledge and skills retention.
A possible explanation could be that the older or
senior SBAs felt that they had the experience and
hence were slow at taking up new changes in new-
born care practices. A study by Bang Akash and
colleagues (2016) reported low skills retention
among senior physicians who reported being ‘too

Figure 2. Knowledge and skills mean scores trends over 6 months.
The P-value < 0.05, for adjusted measurements over 6 months, signifies significant differences in mean scores between intervention and
control groups.
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busy to practice neonatal resuscitation skills despite the
provision of equipment in their facilities for daily
practice’ [23]. This may, to some extent, explain our
findings. We, however, did not conduct a qualitative
study to ascertain the reasons for the low knowledge
retention among senior SBAs in our study.

Lastly, SBAs who conducted routine neonatal
resuscitation also demonstrated less knowledge and
skills retention at 6 months. This finding contradicts
a multicentre study from Nepal and Kenya which
demonstrated a dose-response effect of refresher
training and regular manikin practice on knowledge
and skills retention [23]. This might be due to
a perceived large workload and lack of time to read
and refresh neonatal resuscitation knowledge.

Limitations

The effect of frequent examinations of health workers
could have led to improved performance and reten-
tion of neonatal resuscitation skills during the follow-
up period. However, if this were the case, there would
be no difference in retention between the arms.
Despite the latter observation, the difference between
arms remains significant. The strength of our study
lies in it being a cluster-randomized trial with blind-
ing of the assessors.

In order to minimize bias, there was explicit case
definition of outcome measurements (knowledge and
skills scores). Furthermore, correct addresses and tel-
ephone contacts for each participant were obtained to
ensure minimal loss to follow-up. Data-cleaning was
done to prevent misclassification. The calculated
sample-size for individual randomization was 106,
but we achieved only 86 participants in this study.
This was overcome by cluster-randomization at the
facility level, and all the calculated sample size of 26
clusters was followed-up for 6 months. We adjusted
for differences in baseline characteristics, and cluster-
ing in the final analysis and there was very little intra-
cluster variation. Studies on the validity of OSCE tool
for assessment of resuscitation skills have reported
fair to moderate agreement and this could have
affected our scores between arms [5]. We overcame
this by training our research assistants in scoring the
SBAs. The interrater reliability was moderate to sub-
stantial with a kappa of 0.604 for overall skills scores.

Conclusion

We have demonstrated that adding video-debriefing to
HBB training had an effect on the overall skills and
competence (combined knowledge and skills) attain-
ment in the immediate post-training period and reten-
tion over a period of 6 months in an analysis carried
out in Northern Uganda. The factors that reduced
competence attainment and retention were a monthly

number of resuscitations of one or more babies and
years spent in service (notably more than 5 years).

Recommendation

Debriefing is a cornerstone for simulation-based
learning. If adding video-debriefing to the current
standard HBB training curricula is to be justified in
our context, more research is needed. A mixed
method study on a bigger population should be
embarked upon to assess the effectiveness of adding
video-debriefing to standard HBB neonatal resuscita-
tion training on the competence of frontline SBAs.
This research should also incorporate qualitative and
cost-benefit analyses. This will justify the scale up of
video-debriefing for HBB in this context.
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Incidence and Risk Factors for Low Birthweight and Preterm
Birth in Post-Conflict Northern Uganda: A Community-Based
Cohort Study
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Abstract: Background: Annually, an estimated 20 million (13%) low-birthweight (LBW) and 15 million
(11.1%) preterm infants are born worldwide. A paucity of data and reliance on hospital-based studies
from low-income countries make it difficult to quantify the true burden of LBW and PB, the leading
cause of neonatal and under-five mortality. We aimed to determine the incidence and risk factors for
LBW and preterm birth in Lira district of Northern Uganda. Methods: This was a community-based
cohort study, nested within a cluster-randomized trial, designed to study the effect of a combined
intervention on facility-based births. In total, 1877 pregnant women were recruited into the trial and
followed from 28 weeks of gestation until birth. Infants of 1556 of these women had their birthweight
recorded and 1279 infants were assessed for preterm birth using a maturity rating, the New Ballard
Scoring system. Low birthweight was defined as birthweight <2.5kg and preterm birth was defined as
birth before 37 completed weeks of gestation. The risk factors for low birthweight and preterm birth
were analysed using a multivariable generalized estimation equation for the Poisson family. Results:
The incidence of LBW was 121/1556 or 7.3% (95% Confidence interval (CI): 5.4–9.6%). The incidence
of preterm births was 53/1279 or 5.0% (95% CI: 3.2–7.7%). Risk factors for LBW were maternal age
≥35 years (adjusted Risk Ratio or aRR: 1.9, 95% CI: 1.1–3.4), history of a small newborn (aRR: 2.1, 95%
CI: 1.2–3.7), and maternal malaria in pregnancy (aRR: 1.7, 95% CI: 1.01–2.9). Intermittent preventive
treatment (IPT) for malaria, on the other hand, was associated with a reduced risk of LBW (aRR:
0.6, 95% CI: 0.4–0.8). Risk factors for preterm birth were maternal HIV infection (aRR: 2.8, 95% CI:
1.1–7.3), while maternal education for ≥7 years was associated with a reduced risk of preterm birth
(aRR: 0.2, 95% CI: 0.1–0.98) in post-conflict northern Uganda. Conclusions: About 7.3% LBW and
5.0% PB infants were born in the community of post-conflict northern Uganda. Maternal malaria
in pregnancy, history of small newborn and age ≥35 years increased the likelihood of LBW while
IPT reduced it. Maternal HIV infection was associated with an increased risk of PB compared to HIV
negative status. Maternal formal education of ≥7 years was associated with a reduced risk of PB
compared to those with 0–6 years. Interventions to prevent LBW and PBs should include girl child
education, and promote antenatal screening, prevention and treatment of malaria and HIV infections.

Keywords: preterm birth; low birthweight; risk factors; community-based; cohort study
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1. Background

Of the 140 million infants born worldwide in 2014, an estimated 20 million (13%) were
born with low birthweight (<2.5 kg) [1]. Ninety percent (18/20 million) of LBW infants were
born in low- and middle-income countries (LMICs) [2]. In sub-Saharan Africa, LBW prevalence
varied from 7.0% to 18.0%, with the highest prevalence observed in malaria-based studies in
Tanzania [3]. According to the Uganda Bureau of Statistics (UBOS) 2011, 10.4% of all live-born
infants nationwide and 11.4% in the northern part of the country are LBW [4].

In 2010, an estimated 15 (uncertainty range 12–18) million preterm infants were born
worldwide [5]. The global PB estimates ranges from 5% in Europe to 18% in some sub-Saharan
African countries [5]. Sub-Saharan Africa and South Asia contribute 52%–60% of the global
PB burden [5]. In Uganda, reports of the proportion of PBs range from 4.1% to 15% [5,6], In
communities of post-conflict northern Uganda, however, its true burden is unknown.

Multiple maternal and foetal causes of LBW and/or PB (small birth size) have been
described [7]. The age of the mother, either young (teenage 12–16 years) or old (≥35 years)
has been linked to increased risk of small birth size [8,9]. Low maternal socio-economic and
education status has been associated with small birth size [10–12]. Furthermore, maternal
ill-health during pregnancy such as malaria and HIV infection, low body mass index (BMI)
or low gestational weight gain, and hypertension have also been associated with small
birth size [13,14]. A history of having given birth previously to a small infant has also been
associated with LBW and/or PB recurrence in subsequent pregnancies [15–17]. Whereas
some studies report increased risk of small birth size among women who do excessive
physical work, a 2013 meta-analysis found little to no effect of the same on small birth
sizes [18]. Foetal factors associated with LBW and PB include: congenital malformations,
multiple foetuses, sex, and genetic factors [19,20].

In high-income countries, common causes of small birth size include provider-initiated
caesarean section and assisted reproduction, [7] while in low-resource settings, it is related
to maternal infections, low socio-economic status, malnutrition, and history of preterm
birth or low birthweight. In post-conflict northern Uganda, however, the social disruption,
lack of schooling and displacement caused by the 20 years of conflict may have modified
the burden and some of the known risk factors for small birth size. Few studies exist to
describe the burden of LBW and PB during the post-conflict period in northern Uganda [3].

To achieve the sustainable development goal (SDG) 3.2 target of neonatal mortality below
12 per 1000 live births by 2030, there is an urgent need to generate post-conflict context specific
data on small newborns’ (LBW and PB) health burden and associated modifiable risk factors.
We, therefore, aimed to (1) estimate the incidence of and (2) determine risk factors for low
birthweight and preterm birth in post-conflict northern Uganda.

2. Methods

This was a cohort study nested within the Survival Pluss cluster randomized trial.
The Survival Pluss study assessed the effect of an integrated package consisting of (i) peer
support by pregnancy buddies, (ii) provision of mama (birth) kits at household level (as
opposed to health facility distribution) and (iii) mobile phone messaging on facility-based
births. In the trial, pregnant women were enrolled at ≥28 weeks of gestation and followed
up to delivery (ClinicalTrials.gov number NCT0260505369).

The study was conducted in Lira District, Northern Uganda from July 2017 to March
2019. Lira District had a population of about 400,000 people in 2010, dwelling in 13 sub-
counties, a city and 751 villages. Lira district was chosen based on its being a post-conflict
area with poor maternal and child health indicators, low proportion of health facility
deliveries, high neonatal mortality, and limited data on LBW and PBs burden and associated
risk factors [21]. The study sites were Aromo, Agweng, and Ogur sub-counties; also chosen
because they had the poorest maternal and child health indicators [9]. Each sub-county
had one health centre with maternity (health centre, HC III or HC IV), and two additional
lower-level health centres without maternity (HC II). Two of the HC IIIs (Agweng and
Aromo), however, were not conducting deliveries before the project inception.
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A total of 1877 mothers were recruited into the trial at 28 weeks of gestation and
followed up to birth. Of these, 1556 mother-infant dyads with birthweight (for LBW
burden) and 1279 had both a gestational age estimate using the New Ballard Score (NBS)
and birthweight (for PB burden). Only 4 persons conducted the NBS assessment, hence
some infants had birthweight (from the clinic or study staff) but not gestational age estimate.

The primary outcomes were incidence of (1) low birthweight births and (2) preterm
births. Independent or exposure variables were maternal and infant factors. Maternal
socio-demographic (maternal age in completed years, years of formal education, paternal
occupation, marital status, wealth index groups, intervention, and domestic water source)
and clinical factors (parity, HIV serostatus, malaria in pregnancy, intermittent preventive
treatment (IPT) for malaria in pregnancy, history of a small newborn, multiple pregnancy,
and antenatal care (ANC) attendance and infant factor (sex), were analysed for association
with LBW and PB.

A low birthweight (LBW) was defined as birthweight <2.5 kg at birth, while preterm
birth (PB) was defined as being born after 28 weeks of gestation but before 37 completed
weeks of gestation [22]. We calculated the incidence (risk) as the number events (LBW or
PB) divided by total number of live births (population at risk), during the study period
from July 2017 to March 2019, expressed as a percentage. Birthweight was measured using
a digital floor scale with mother/child function (seca, Hamburg, Germany) and recorded
to the nearest 2 decimal points in kilograms. Gestational age (GA) was estimated using the
New Ballard Score (NBS), which employs both physical and neuromuscular maturation.
The total physical maturation (PM) and neuromuscular maturation (NM), also known
as maturity rating total scores (MRTS), was correlated with gestational age, recorded in
completed weeks. The MRTS, ranging from −10 to 50, were then extrapolated to foetal
age in weeks (20 to 44). Maternal age was recorded in completed years and categorised
into three groups as 12–19, 20–34, and 35–49 years. Education was recorded in years of
completed schooling and dichotomized as 0–6 and 7 or more years in school. Marital status
was categorised as binary variable into ‘married’ or ‘single/separated/divorced/widowed’.
Wealth index quintiles were calculated using Gini index based on several key household
assets and classified ranging from the 1 ‘poorest’ to 5 ‘wealthiest’ quintiles. This was further
sub-grouped into three wealth groups as follows: the lower 40% (1st–2nd quintiles), the
middle 40% (3rd–4th quintiles) and the upper 20% (5th quintile). Paternal occupation
was categorized during analysis as farmer, employed or unemployed. Domestic water
source was categorised as ‘tap/borehole’ or ‘spring/well/river/ponds. A history of small
newborn was ascertained if the answer was a ‘yes’ to the following statements: if the
mother (i) mother was told by the skilled birth attendant that her infant was small at birth
in the previous pregnancy based on birthweight measurement, or (ii) had history of a small
infant at birth by her own assessment in prior pregnancy, or (iii) recalled the birthweight
from the previous delivery which we used to categorize the infants as LBW or not, and
(iv) reported that the infant was born before term in which case, we asked the mother the
gestation age at birth and used it to categorise them into preterm birth (<7 months) or term
(≥7 months of gestational age). Parity was the number of pregnancies the mother had
before, and further re-categorised as ‘prime gravida (first time mother)’, ‘1–6′ and ‘7 or
more’ children. The presence of maternal illnesses during pregnancy such as malaria or
HIV were recorded as (‘yes’ ‘no’, or ‘unknown’) based on antenatal test results. Antenatal
care (ANC) attendance was recorded as ‘yes’ if the woman attended antenatal clinic at least
once during the current pregnancy. Maternal malaria IPT in pregnancy was recorded as
‘yes’ if the mother received intermittent preventive treatment for malaria during pregnancy.
Intervention was recorded as ‘yes’ if the mother received the Survival Pluss intervention
package (mama kit, SMS, and peer buddies) during pregnancy. We analysed sub-samples
of mother-infant pairs from the Survival Pluss cohort who had infants with birthweight
(1556) or both birthweight and gestational age by NBS assessment (1279), respectively. We
compared the included to the excluded sample and there was minimal difference in baseline
socio-demographic characteristics between the analysed and excluded groups except for
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maternal age in the PB sample and health facility delivery and father’s occupation in the
LBW sample, (Table 1). The Survival Pluss study included and followed all pregnant
women in the participating communities from 28 weeks of gestation, who had no intention
of moving away from the study area within a year of enrolment and who had no psychiatric
illness that could inhibit the informed consent process. We excluded infants whose parents
declined newborn examinations, those who died at birth or who had severe congenital
abnormalities (anencephaly and exomphalos) and those without birthweight (for LBW)
and without birthweight and NBS (for PBs).

Table 1. Comparison of baseline characteristics between included and excluded study participants in
the two analyses—low birthweight and preterm birth—in Northern Uganda.

Characteristics

Low Birthweight Preterm Birth

All
N = 1877

n (%)

Analysed
N = 1556

n (%)

Excluded
N = 321
n (%)

p
Value

All
N = 1877

n (%)

Analysed
N = 1279

n (%)

Excluded
N = 598

n (%)
p

Value

Maternal characteristics
Maternal age

12–19 years 510 (27.2) 415 (26.7) 95 (29.6) 510 (27.2) 330 (25.8) 180 (30.1)
20–34 years 1174 (62.5) 982 (63.1) 192 (59.8) 0.325 1174 (62.5) 815 (63.7) 359 (60.0) 0.017
≥35 years 193 (10.3) 159 (10.2) 35 (10.6) 193 (10.3) 134 (10.5) 59 ( 9.9)

Maternal education
0–6 years 1515 (80.7) 1246 (80.1) 269 (83.8) 1515 (80.7) 1032 (80.7) 483 (80.8)
≥7 years 362 (19.3) 310 (19.9) 52 (16.2) 0.117 362 (19.3) 247 (19.3) 115 (19.2) 0.896

Maternal vocational education
No 1663 (88.6) 1371 (88.1) 292 (92.0) 1663 (88.6) 1131 (88.4) 532 (89.0)
Yes 214 (11.4) 185 (11.9) 29 ( 8.9) 0.224 214 (11.4) 148 (11.6) 66 (11.0) 0.700

Marital status
Married 1708 (91.0) 1417 (91.1) 291 (90.7) 0.495 1708 (91.0) 1166 (91.2) 542 (90.6) 0.557
Single/separated/divorced/widow 169 ( 9.0) 139 ( 8.9) 30 ( 9.3) 169 ( 9.0) 113 (8.8) 56 ( 9.4)

Wealth index
Lower 40% 837 (44.6) 708 (45.5) 129 (40.2) 837 (44.6) 574 (44.9) 263 (44.0)
Middle 40% 665 (35.4) 547 (35.2) 118 (36.8) 0.329 665 (35.4) 465 (36.4) 200 (33.4) 0.139
Upper 20% 375 (20.0) 301 (19.3) 74 (23.0) 375 (20.0) 240 (18.8) 135 (22.6)

Father’s occupation
Farmer 1275 (67.9) 1058 (68.0) 217 (67.6) 1275 (67.9) 883 (69.1) 392 (65.5)
Employed 390 (20.8) 348 (22.4) 42 (13.1) 0.022 390 (20.8) 274 (21.4) 116 (19.4) 0.688
Unemployed 168 ( 9.0) 150 ( 9.6) 18 ( 5.6) 168 ( 9.0) 122 ( 9.5) 46 ( 7.7)
Missing 44 ( 2.3) 0 ( 0.0) 44 (13.7) 44 ( 2.3) 0 ( 0.0) 44 ( 7.4)

Domestic water source
Tap/Borehole 1188 (63.3) 977 (62.8) 211 (65.7) 0.459 1188 (63.3) 802 (62.7) 386 (64.6) 0.268
Spring/river/well/stream/pond 689 (36.7) 579 (37.2) 110 (34.3) 689 (36.7) 477 (37.3) 212 (35.4)

Intervention
No 855 (47.2) 740 (47.6) 145 (45.2) 885 (47.2) 601 (47.0) 284 (47.5)
Yes 992 (52.9) 816 (52.4) 176 (54.8) 0.625 992 (52.8) 678 (53.0) 314 (52.5) 0.956

Facility Delivery
No 644 (34.3) 484(31.1) 160 (49.8) 644 (34.3) 397 (31.0) 247 (41.3)
Yes 1233 (65.7) 1072(68.9) 161 (50.2) 0.000 1233 (65.7) 882 (67.0) 351 (58.7) 0.000

Maternal clinical characteristics
History of small infant

No 1131 (60.2) 985 (63.3) 146 (45.5) 1131 (60.3) 964 (75.4) 167 (30.2)
Yes 317 (16.9) 218 (14.0) 99 (30.8) 0.000 317 (16.9) 40 ( 3.1) 277 (50.0) 0.000
Prime gravida 429 (22.9) 353 (22.7) 76 (23.7) 429 (22.9) 275 (21.5) 154 (27.8)

Parity
Prime gravida 429 (22.9) 353 (22.7) 76 (23.7) 429 (22.9) 275 (21.5) 154 (25.7)
1–6 1257 (67.0) 1043 (67.0) 214 (66.8) 0.857 1257 (67.0) 872 (68.2) 385 (64.4) 0.025
7 or more 191 (10.2) 160 (10.3) 31 ( 9.7) 191 (10.2) 132 (10.3) 59 ( 9.9)

Maternal HIV infection
No 1708 (91.0) 1455 (93.5) 253 (78.8) 1708 (91.0) 1205 (94.2) 503 (84.1)
Yes 83 ( 4.4) 73 ( 4.7) 10 ( 3.1) 0.000 83 ( 4.4) 61 ( 4.8) 22 ( 6.7) 0.000
Unknown 86 ( 4.6) 28 ( 1.8) 58 (18.1) 86 ( 4.6) 13 ( 1.0) 73 (12.2)

Antenatal attendance
No 395 (21.0) 352 (22.6) 43 (13.4) 395 (21.0) 283 (22.1) 112 (18.7)
Yes 1482 (79.0) 1204 (77.4) 278 (86.6) 0.000 1482 (79.0) 996 (77.9) 486 (81.3) 0.088

IPT a for malaria in pregnancy
No 764 (40.7) 704 (45.2) 60(18.7) 764 (40.7) 695 (54.3) 69 (11.5)
Yes 1113 (59.3) 852 (54.8) 261 (81.3) 0.000 1113 (59.3) 584 (45.7) 529 (88.5) 0.000

Maternal malaria in pregnancy
No 602 (32.1) 502 (32.3) 100 (31.2) 602 (32.1) 272 (45.5) 330 (25.8)
Yes 459 (24.4) 388 (24.9) 71 (22.1) 0.245 459 (24.4) 117 (19.6) 342 (26.7) 0.000
Unknown 816 (43.5) 666 (42.8) 150 (46.7) 816 (43.5) 209 (35.0) 607 (47.5)

Infant sex
Female 892 (47.5) 757 (48.7) 135 (42.0) 892 (47.5) 620 (48.5) 272 (45.5)
Male 943 (50.2) 799 (51.3) 144 (44.9) 0.950 943 (50.2) 659 (51.5) 284 (47.5) 0.816
Missing 42 ( 2.3) 0 ( 0.0) 42 (13.1) 42 (2.2) 0 (0.0) 42 (7.0)

N/n (%) frequency (percentage), a IPT = Intermittent preventive treatment for malaria.



Int. J. Environ. Res. Public Health 2022, 19, 12072 5 of 13

2.1. Study Procedures

Prior to recruitment, research assistants were trained on the study protocol, weight
measurement, and electronic data collection tool, the open data kit (ODK) software (https:
//opendatakit.org/ (accessed on 6 December 2017)), and the New Ballad Scoring system
(NBS) for gestational age assessment. Pregnant mothers were identified by community
recruiters who informed the study team. The research assistants were then dispatched
to see the identified mothers. Those who met the inclusion criteria were consented and
recruited. The enrolled pregnant women were followed up to birth and postnatally to two
and seven days, for birthweight and administration of the NBS, respectively. The neonatal
anthropometrics (birthweight) and NBS were done within two days and seven days for
accurate determination of birthweight and gestation age, respectively. After birth, the same
recruiters informed the study team who in turn visited the mother-infant dyads at birth for
delivery questionnaire administration and anthropometric (birthweight, length, head, chest
and abdominal circumferences) measurements. The weighing scales and length/height
boards were calibrated before each field visit and before each measurement was taken.
The weighing scales were checked for accuracy daily with known standard weights. Data
was collected using standardized pre–coded questionnaires in ODK, and immediately
sent to the server for safe custody by the data manager. Data cleaning and checking for
completeness were done for quality control throughout the data collection process.

A total of four research nurses and midwives were trained on the NBS tool. The
overall intra-rater (percentage agreement: 82.56%, kappa: 0.806, 95% CI: 0.788–0.823) and
inter-rater (percentage agreement: 77.5%; kappa: 0.774, 95% CI: 0.613–0.936) reliability for
the Ballard scoring tool were strong. The principal investigator (BO) worked with and
supervised the research assistants on data collection and documentation.

2.2. Statistical Analysis

The data collected using ODK was sent to a server from where it was downloaded to
Stata 14 (Stata Corp, College Station, TX, USA) for analysis. The incidence of LBW and PB
were sex standardized and cluster adjusted and presented as the proportion of LBW and
PBs to the total number of live births reported in percent (see Table 2 in Results Section.
Descriptive statistics for categorical variables were summarized into proportions and the
results presented in (see Tables 3 and 4, Results Section). Inferential statistics (the risk
factors for LBW and PB), were analysed using bivariable and multivariable generalised
estimation equation for the binary categorical outcome of LBW and PB (see Tables 3 and 4
in Results Section). Significant factors with p value ≤ 0.05 at bivariable analysis were taken
into the multivariable generalized estimation equation model with a log link to Poisson
family, adjusting for clustering and potential confounding. Known risk factors for LBW and
PB such as infant sex, wealth index, and integrated intervention were also added into the
final model. The crude and adjusted risk ratios were compared during the multivariable
regression analysis. A difference of ≥10% between crude and adjusted risk ratios were
considered confounding.

3. Results
3.1. Study Profile

Of the 1877 pregnant women recruited into Survival Pluss trial, 44 were lost to follow-
up, 277 had missing birthweight and further 277 were not reached in time for gestational
age estimation by NBS. Of those with birthweight, 7.8% (121/1556) were LBW and of those
with gestational age estimate, 4.1% (53/1279) were assessed to be born preterm. Of the LBW
infants with gestational age, 19% (20/105) were considered preterm while 37.7% (20/53) of
preterm infants were low birthweight (Figure 1).
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3.2. Baseline and Clinical Characteristics of Study Participants

Of the 1556 mother-infant dyads, a quarter of the mothers were first time mothers
(prime gravida), 22 (1.4%) were twins, and 90% were married. Most of the fathers were
subsistence farmers. Most families used tap or borehole water for domestic consumption.
Around 4.4% of the mothers were HIV seropositive, while up to 4.6% did not know their
HIV status. Close to 16.9% of mothers had prior history of small newborn in the most
recent (second last) delivery. The male to female ratio approximated 1:1, Table 1.

3.3. The Incidence of Low Birthweight and Preterm Birth
3.3.1. Low Birthweight

The number of low birthweight infants was 121/1556, 7.7%. The sex and cluster
adjusted incidence of LBW in post-conflict northern Uganda was 7.3% (95% Confidence
interval (CI): 5.4%–9.6%).

3.3.2. Preterm Birth

The incidence of preterm births assessed by NBS was 53/1279 or 4.1%. The sex and clus-
ter adjusted incidence of PB in post-conflict northern Uganda was 5.0% (95% CI: 3.2%–7.7%).
The New Ballard Score being subjective, we analysed in a sensitivity analysis, the effect of
potential systematic over–scoring of the maturity rating total score (MRTS) on the incidence
of preterm birth (Table 2). The crude and the sex and cluster adjusted incidence of preterm
birth is presented in case the infants were over–scored by 1, 2, 3, or 4 MRTS.
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Table 2. Sensitivity analysis of the incidence of preterm birth based on the New Ballard among
1279 infants in Northern Uganda.

Crude Incidence
of Preterm Birth

(95% CI)

Cluster and Adjusted Incidence
of Preterm Birth

(95% CI)

Using the original New Ballard Score 4.1% (3.0–5.8%) 5.0% (3.2–7.7%)
Subtracting 1 score point from the New Ballard Score 5.5% (4.4–6.9%) 6.4% (4.4–9.2%)
Subtracting 2 score points from the New Ballard Score 7.8% (6.5–9.6%) 8.6% (6.1–12.2%)
Subtracting 3 score points from the New Ballard Score 12.1% (10.4–14.0%) 13.1% (10.0–16.9%)
Subtracting 4 score points from the New Ballard Score 17.1% (15.2–19.3%) 17.8% (14.6–21.4%)

CI confidence interval.

3.4. Risk Factors for Low Birthweight and Preterm Birth
3.4.1. Low Birthweight

The factors that were associated with increased risk of a low birthweight infants in
our cohort were advanced maternal age (≥35 years), history of a small newborn in prior
pregnancy, malaria infection, and unknown malaria status in pregnancy (Table 3). Infants
born to mothers aged 35 or more years were two (adjusted RR 1.9 (95% CI: 1.1 –3.9) times
more likely to be LBW compared to those born to mothers aged 20–34 years. A history of a
small newborn in the second last pregnancy doubled the risk (aRR: 2.1, 95% CI: 1.2–3.4)
of LBW compared to those without. A positive malaria test (aRR: 1.7, 95% CI: 1.01–2.9) or
an unknown malaria status during pregnancy (aRR 1.9, 95% CI: 1.1–3.2) almost doubled
the risk of LBW among the infants compared to those with known malaria negative tests.
On the other hand, infants whose mothers received intermittent preventive treatment for
malaria during pregnancy had a 40% (aRR 0.6, 95% CI: 0.4–0.8) reduced risk of being
LBW compared to those who did not. The integrated intervention package had no effect
on the LBW in this post conflict setting of northern Uganda. These and more details are
summarized in Table 3. Similarly, other known risk factors for LBW such as poverty,
maternal education, teenage motherhood, grand multi–parity, ANC attendance and HIV
infection were not associated with an increased risk of LBW among mothers in the cohort.

Table 3. Bi- and multi-variable analysis of risk factors for low birthweight in northern Uganda.

Characteristics
All

N = 1556
n (%)

LBW
N = 121
n (%)

Crude RR
(95% CI)
N = 1556

p Value
Adjusted

RR (95% CI)
N = 1556

p Value

Maternal characteristics
Maternal age

12–19 years 415 (26.7) 40 (33.1) 1.4 (1.0–2.0) 0.048 1.3 (0.8–2.1) 0.351
20–34 years 982 (63.1) 67 (55.4) Ref
≥35 years 159 (10.2) 14 (11.6) 1.3 (0.9–1.9) 0.183 1.9 (1.1–3.4) 0.021

Maternal education
0–6 years 1246 (80.1) 91 (75.2) Ref
≥7 years 310 (19.9) 30 (24.8) 1.3 (0.9–2.0) 0.190 1.4 (0.9–2.3) 0.102

Maternal vocational education
No 1371 (88.1) 103 (85.1) Ref
Yes 185 (11.9) 18 (14.9) 1.3 (0.8–2.1) 0.297

Marital status
Married 1417 (91.1) 110 (90.9) 1.0 (0.5–1.8) 0.951
Single/separated/divorced/widowed 139 (8.9) 11 (9.1) Ref

Wealth index groups
Lower 40% 708 (45.5) 62 (51.2) Ref
Middle 40% 547 (35.2) 40 (33.1) 0.8 (0.6–1.3) 0.379 0.8 (0.6–1.3) 0.402
Upper 20% 301 (19.3) 19 (15.7) 0.7 (0.5–1.2) 0.171 0.7 (0.4–1.2) 0.255

Father’s occupation
Farmer 1058 (68.0) 87 (71.9) Ref
Employed 348 (22.4) 22 (18.2) 1.0 (0.5–1.8) 0.929
Unemployed 150 (9.6) 12 (9.9) 0.8 (0.5–1.2) 0.237
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Table 3. Cont.

Characteristics
All

N = 1556
n (%)

LBW
N = 121
n (%)

Crude RR
(95% CI)
N = 1556

p Value
Adjusted

RR (95% CI)
N = 1556

p Value

Domestic water source
Tap/Borehole 977 (62.8) 72 (59.5) Ref
Spring/river/well/stream/pond 579 (37.2) 49 (40.5) 1.1 (0.8–1.7) 0.476

Intervention
No 740 (47.6) 60 (49.6) Ref
Yes 816 (52.4) 61 (50.4) 0.9 (0.6–1.3) 0.656 0.9 (0.6–1.4) 0.716

Facility Delivery
No 482 (31.1) 42 (34.7)
Yes 1070 (68.9) 79 (65.3) 0.8 (0.6–1.1) 0.251

Maternal clinical characteristics
History of a small infant

No 218 (14.0) 19 (15.7) Ref
Yes 985 (63.3) 68 (56.2) 1.3 (0.7–2.1) 0.386 2.1 (1.2–3.7) 0.014
Prime gravida 353 (22.7) 34 (28.1) 1.4 (0.9–2.1) 0.090 1.1 (0.6–1.8) 0.778

Parity
Prime gravida 353 (22.7) 34 (28.1) Omitted
1–6 1043 (67.0) 77 (63.6) Ref
7 or more 160 (10.3) 10 (8.3) 0.8 (0.5–1.5) 0.573 0.6 (0.3–1.4) 0.226

Maternal HIV infection
No 1455 (93.5) 116 (95.9) Ref
Yes 73 (4.7) 5 (4.1) 0.9 (0.4–2.0) 0.723 0.9 (0.4–1.8) 0.719
Unknown 28 (1.8) 0 (0.0) Not

applicable
Antennal attendance

No 352 (22.6) 30 (24.8) Ref
Yes 1204 (77.4) 91 (75.2) 0.9 (0.6–1.3) 0.522

IPT for malaria in pregnancy
No 704 (45.2) 69 (57.0) Ref
Yes 852 (54.8) 52 (43.0) 0.6 (0.4–0.8) 0.003 0.6 (0.4–0.8) 0.001

Malaria in pregnancy
No 502 (32.3) 25 (20.7) Ref
Yes 388 (24.9) 32 (26.4) 1.7 (1.01–2.7) 0.046 1.7 (1.01–2.9) 0.045
Unknown 666 (42.8) 64 (52.9) 1.9 (1.2–3.0) 0.005 1.9 (1.1–3.2) 0.020

Infant sex
Female 757 (48.7) 63 (52.1) Ref
Male 799 (51.3) 58 (47.9) 0.9 (0.6–1.2) 0.393 0.9 (0.7–1.2) 0.463

N/n (%) frequency (percentage), RR risk ratio, CI confidence interval, HIV human immunodeficiency virus.

3.4.2. Preterm Birth

HIV infection was associated with an increased risk of PB (adjusted or aRR: 2.9, 95%
CI: 1.1–7.3) in the multivariable analysis (Table 4). Maternal education (≥7 years) was
associated with a reduced risk of PB (aRR: 0.3, 95% CI: 0.1–0.98).

Table 4. Bivariable and multivariable analysis of risk factors for preterm birth in northern Uganda.

Characteristics
All

N = 1279
n (%)

PB
N = 53
n (%)

Crude RR
(95% CI)
N = 1279

p Value
Adjusted RR

(95% CI)
N = 1279

p Value

Maternal characteristics
Maternal age

12–19 years 330 (25.8) 18 (34.0) 1.6 (0.9–2.9) 0.142 2.0 (1.0–4.3) 0.050
20–34 years 815 (63.7) 28 (52.8) Ref
≥35 years 134 (10.5) 7 (13.2) 1.5 (0.7–3.5) 0.295 1.2 (0.6–2.6) 0.612

Maternal education
0–6 years 1032 (80.7) 50 (94.3) Ref
≥7 years 247 (19.3) 3 (5.7) 0.2 (0.1–0.8) 0.022 0.3 (0.1–0.98) 0.047

Maternal vocational education
No 1131 (88.4) 45 (84.9)
Yes 148 (11.6) 8 (15.1)

Marital status
Married 1166 (91.2) 47 (88.7) 0.7 (0.3–1.5) 0.393
Single/separated/divorced/widowed 113 (8.8) 6 (11.3) Ref
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Table 4. Cont.

Characteristics
All

N = 1279
n (%)

PB
N = 53
n (%)

Crude RR
(95% CI)
N = 1279

p Value
Adjusted RR

(95% CI)
N = 1279

p Value

Wealth index
Lower 40% 574 (44.9) 26 (49.1) Ref
Middle 40% 465 (36.3) 18 (34.0) 0.8 (0.5–1.4) 0.513 0.9 (0.6–1.5) 0.815
Upper 20% 240 (18.8) 9 (17.0) 0.8 (0.4–1.9) 0.650 1.1 (0.5–2.5) 0.847

Father’s occupation
Farmer 883 (69.0) 38 (71.7) Ref
Employed 274 (21.4) 8 (15.1) 1.4 (0.7–2.9) 0.342
Unemployed 122 (9.5) 7 (13.2) 0.7 (0.4–1.4) 0.305

Domestic water source
Tap/Borehole 802 (62.7) 27 (50.9) Ref
Spring/river/well/stream/pond 477 (37.3) 26 (49.1) 1.1 (0.8–1.7) 0.476 1.5 (0.9–2.6) 0.121

Intervention
No 601 (47.0) 23 (43.4) Ref
Yes 678 (53.0) 30 (56.6) 1.1 (0.6–2.1) 0.670 1.2 (0.7–2.2) 0.517

Facility Delivery
No 397 (31.0) 23 (4.4) Ref
Yes 882 (69.0) 30 (56.6) 0.6 (0.3- 1.01) 0.054 0.6 (0.4–1.0) 0.045

Maternal clinical factors
History of a small infant

No 964 (75.4) 39 (73.6) Ref
Yes 40 (3.1) 2 (3.8) 1.2 (0.2–5.7) 0.927 1.0 (0.2–5.2) 0.986
Prime gravida 275 (21.5) 12 (22.6) 1.1 (0.5–2.0) 0.884 0.8 (0.3–1.8) 0.557

Parity
Prime gravida 275 (21.5) 12 (22.6) Ref
1–6 872 (68.2) 34 (64.2) 1.1 (0.6–2.1) 0.790
7 or more 132 (10.3) 7 (13.2) 1.4 (0.7–2.6) 0.346

Maternal HIV infection
No 1205 (94.2) 47 (88.7) Ref
Yes 61 (4.8) 6 (11.3) 2.2 (0.9–5.6) 0.094 2.9 (1.1–7.3) 0.026
Unknown 13 (1.0) 0 (0.0) NA

Antenatal attendance
No 283 (22.1) 14 (26.4) Ref
Yes 996 (77.9) 39 (73.6) 0.8 (0.4–1.4) 0.451

IPT for malaria in pregnancy
No 695 (54.3) 29 (54.7) Ref
Yes 584 (45.7) 24 (45.3) 0.9 (0.5–1.6) 0.832 1.0 (0.6–1.8) 0.886

Malaria in pregnancy
No 330 (25.8) 15 (28.3) Ref
Yes 342 (26.7) 13 (24.5) 0.8 (0.5–1.5) 0.568
Unknown 607 (47.5) 25 (47.2) 0.9 (0.5–1.6) 0.785

Infant sex
Female 620 (48.5) 20 (37.7) Ref
Male 659 (51.5) 33 (62.3) 1.6 (0.9–2.7) 0.117 1.6 (1.0–2.8) 0.070

N/n (%) frequency (percentage), RR risk ratio, CI confidence interval, PB preterm birth, NA not applicable, IPT
intermittent preventive treatment, HIV human immunodeficiency virus.

4. Discussion

In our cohort, the incidence of LBW was 7.3%. The proportion of LBW in post-conflict
rural Northern Uganda is lower than most other estimates, be it the global, sub-Saharan
Africa, or Uganda [1,23,24]. This study was a sub-study of a trial in which one of the
inclusion criteria was a gestational age 28 or more weeks of pregnancy. Given that women
were enrolled at 28 or more weeks, low birthweight occurring before recruitment were
systematically excluded. Therefore, our study is likely to have underestimated the true
incidence of both LBW.

Factors associated with low birthweight included maternal age ≥35 years, history of a
small newborn in the previous pregnancy, maternal malaria in pregnancy and intermittent
preventive treatment (IPT) for malaria. The finding that advanced maternal age (≥35 years)
was associated with an increased risk of LBW in our cohort is not unique to our report.
Numerous studies have described the increased risk of LBW with low or advanced maternal
age [25,26]. The study also reports an associated increased risk of LBW among mothers
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with history of a small newborn, in the most recent pregnancy. Other studies report similar
links [17,27].

The relationship between malaria in pregnancy and its association with increased risk
of LBW has been reported elsewhere [28]. Similarly, we also report reduced risk of LBW
among infants born to mothers who had intermittent preventive therapy for malaria during
pregnancy. Malaria IPT during pregnancy reduces placental malaria, a long known risk
factor for LBW and preterm births (small newborn) [29].

The preterm birth (PB) proportion in our cohort was 5.0% and is similar to a hospital-
based study in Eastern Uganda, with similar inclusion and exclusion criteria [6]. The
observed estimate in this cohort, however, is lower than the global, sub-Saharan Africa, or
Uganda estimates [5,24].

The low PB proportion observed in our study may be due to the trial eligibility
criteria discussed above that could have resulted in exclusion of some preterm births
occurring before recruitment into the main trial. Secondly, the NBS for foetal maturation for
gestational age determination (instead of mid-pregnancy ultrasound as the gold standard),
may have contributed to the underestimation of PB in this cohort. For instance, a study by
Sasidharan and colleagues reported that NBS overestimated gestational age (GA) by up
to 2 weeks (8 MRTS), with increasing postnatal age [30]. Therefore, if the current global
PB modelled estimates by the global burden of disease (GBD) research group are true,
we may have over-estimated GA by 3MRTS (1.2 weeks), see our sensitivity analysis in
Table 2 above. Although scientists modified the NBS system to identify extremely preterm
babies up to seven days of postnatal age, it seems postnatal age at assessment may have
played a role in the PB estimates in our cohort. The exclusion of 363/1833 (19.8%) infants
not reached for NBS gestational age (GA) assessment within 7 days of postnatal life, and
another 191/1833 (10.4%) of the infants without birthweight, may have also resulted in
the observed low PB incidence proportion. Despite the challenges faced in PB diagnosis in
our setting, the findings may still be relevant in contributing to the pool of knowledge on
preterm births and associated risk factors, to guide decision making in a resource-limited
post-conflict setting.

Factors associated with an increased risk of preterm birth include maternal HIV
infection. Maternal education for seven or more years was associated with a reduced risk.
Our finding that low maternal education is associated with an increased risk of PB has
been reported elsewhere [31–33]. The increased risk of PBs among HIV infected women,
compared to the uninfected has also been documented over the last 3 decades [34].

In our cohort, teenage motherhood doubled the risk of PB and this is of public health
importance. The finding is similar to findings from several other studies across the
globe [35,36]. Although the biological link between teenage pregnancy and PB is not
properly understood, [10,37] pregnant teens are likely to be disfavoured in several aspects
such as education, access to care and nutrition compared to older mothers [38–40].

The study also reported an increased risk of PB among male infants, compared to
female infants. This may be a methodological artefact due to differences in NBS scoring of
the two sexes. An analysis of mean difference for the overall MRTS and individual elements
for physical and neuromuscular scores by sex, demonstrated a significant difference in
physical maturity rating for breasts. Female infants were systematically over-scored by
0.14 (95% CI: 0.08–0.21) equivalent to 4 days (95% CI: 2–6) points in the physical maturity
rating for breasts, which may contribute to fewer infants being classified as being PB. It is
still possible that there is still true increase in the risk of PB for male infants as this has been
reported elsewhere [19,41].

5. Limitations and Strengths

The main limitation of our study is the potential for selection bias at inclusion which
may have introduced systematic error. In the main Survival Pluss randomised trial in
which our observational study was nested, inclusions were allowed at any time from 28 or
more weeks of gestation (WoG). The inclusion of pregnancies from 28 or more WoG is based
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on foetal viability in our low resource settings. Deliveries before 28 weeks of gestational
age are considered abortions (in-service personal experience). It means that a pregnant
woman could be included at, for instance, 35 weeks of gestation. This also means that not
all pregnant women in the study area were followed up from exactly 28 WoG. Women who
had LBW and PB before recruitment into the trial were systematically excluded from our
study. This likely caused us to underestimate the true incidence of LBW and PB. This could
explain the low incidence of LBW and PB reported in this study.

Furthermore, additional selection biases could have occurred due to loss to follow
up resulting from missing birthweight and/or gestational age assessment (GA) of the
infants. For the PB, we restricted the analysis to the sample of infants with both GA and
birthweight. Approximately 554 infants (30%) of the 1833 in the cohort did not have both
birthweight and gestational age measurements and were excluded from the analysis. This
could have possibly resulted in a selection bias. That said, in a sensitivity analysis, we
found no major differences in socio-demographic characteristics of included and excluded
participants. Future studies to estimate the incidence of LBW and PB should aim at enrolling
mothers in the first trimester and following up the entire cohort for the remainder of the
pregnancy. This would permit more accurate gestational age estimations and provide a
more complete cohort.

Albeit the above limitations, there were several strengths in our study. Firstly, we used
a community-based cohort—likely to reflect the community at large. Secondly, we were
able to follow-up and obtain birthweight within 48 hours on 1556/1833 (85%) of the cohort,
minimising the risk of selection bias. Thirdly, mothers were interviewed shortly after the
delivery, minimising the likelihood of recall bias. Lastly, we used hard, explicitly defined
outcome measures (low birthweight and preterm birth). This reduced the likelihood of
misclassification/information bias.

6. Conclusions

The incidence of LBW and PB were low, compared to the national, sub-Saharan Africa
and global estimates. Advanced maternal age of ≥35 years and history of a small newborn
were associated with increased risk of low birthweight. Maternal formal education for
≥7 years was associated with a reduced risk of PB while HIV infection was associated with
an increased risk of PB.
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