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Abstract

Neonatal hyperbilirubinemia is a widespread and significant clinical condition amongst
neonates worldwide that about 60% of term neonates and 80% of preterm neonates
develop jaundice in the first week of life. The study aimed to identify the main risk factors
either socio-demographic, maternal, or neonatal factors that contribute to neonatal
hyperbilirubinemia among hospitalized neonates in Gaza governorates. The design of this
study is case-control study. The study sample consisted of 180 neonates (90 cases and 90
controls). Cases were selected from Al- Nassir pediatric hospital and Naser Medical
Complex while controls were selected from Martyrs Khanyounis clinic and Martyrs Al-
Remal clinic. The researcher used an interview structured questionnaire; face and
content validity were done. The collected data analyzed by SPSS version 20 and different
statistical tests were used for data analysis including descriptive statistics, bivariate
analysis using Chi-square and multiple logestic regression using Odds Ratio and
confidence interval 95%.Socio-demographic factors were studied by bivariate test using
by person’s chi-square, the results revealed that there was a significant association
between family income andneonatal hyperbilirubinemia (P value < 0.05), other factors
were statistically insignificant risk factors including mother age, mother education and
mother occupation (P value > 0.05). Among maternal factors; bivariate test by by
person’s chi-square revealed that there were significant associations between
hyperbilirubinemia andmother's blood group, maternal anemia and pregnancy disorders
(P value < 0.05). On the other hand; there were no significant association between
hyperbilirubinemia and parity, mother's Rh type, Premature RuptureOf the Membranes,
oxytocin use, delivery type, gestational diabetes, pregnancy induced hypertension,
urinary tract infection, vaginal infection, perinatal hemorrhage, and discharge from
postnatal department (P value > 0.05).Concerning neonatal factors; bivariate analysis
using by person’s chi-square showed that birth weight, and feeding practices that
include; feeding method, feeding initiation time, feeding difficulty, feeding frequency, and
number of wet diapers/24hourswere statistically significant risk factors for developing
hyperbilirubinemia (P value < 0.05). Others factors including newborn order,
cephalhemama and bruising, and history of previous sibling with jaundice showed
statistically insignificant risk factors for developing hyperbilirubinemia ( P value > 0.05).
Multiple logistic regression analysis was used to detect the independent factors
associated with neonatal hyperbilirubinemia. The results showed that there were
statistically significant association between hyperbilirubinemia and family income
groups; < 1800NIS (AOR: 23.345, 95% CI: 2.083-261.688) and > 2300 NIS (reference
group), maternal anemia groups; yes (AOR: 5.383, 95% CI: 1.035-27.998)and
no(reference group), and birth weight groups; 2500 - 3000gram (AOR: 0.117, 95% CI:
0.028-0.498) and > 3000gram (reference group). All feeding practices showed
statistically significant association with hyperbilirubinemia occurrence except number of
wet diapers / 24 hours as following: feeding method groups; exclusive (AOR: 0.017, 95%
Cl: 0.003-0.093), bottle (AOR: 0.006, 95% CI: 0.000-0.141), and mixed (reference
group), feeding initiation time groups; 1% hour (reference group) and more than 4 hours
(AOR: 0.046, 95% CI: 0.004-0.586), feeding difficulty groups; yes (AOR: 0.079, 95% CI:
0.019-0.328), and no(reference group), lastly feeding frequency groups; on demand
(reference group), every 2-3 hours (AOR: 0.108, 95% CI: 0.026-0.448)], and more than 3
hours(AOR: 0.003, 95% CI: 0.000-0.045).In conclusion, our study implies the need for
paying attention on ongoing screening and close monitoring for neonates at high risk. In
addition, emphasize on health education regarding an effective feeding practices to
reduce rates of hospitals readmissions and morbidities of neonatal hyperbilirubinemia.
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Chapterl

1.1 Introduction

Neonatal Jaundice (NNJ) is the most common morbidity problem in neonates in the first
week of life, occurring in about (60%) of term neonates, and (80%) of preterm neonates,
10% of breastfed babies have jaundice during the first month of age. It is the most common
health condition requires medical attention in newborn babies (National Collaborating
Centre for Women’s and Children’s Health, 2010).

The pattern of neonatal jaundice includes yellowish discoloration of the skin, sclera and
mucous membranes results from accumulation of bilirubin in the skin and mucous
membranes. This is associated with rising in the level of bilirubin in the blood circulation,
a condition known as hyperbilirubinaemia (National Collaborating Centre for Women’s

and Children’s Health, 2010).

World widely, neonatal jaundice is very common in healthy newborn with peaks in
severity between 3 and 5 days after birth and then recovers within 7 to 10 days (Cabra and
Whitfield, 2005). In most babies with jaundice, there is no actual disease and this termed
"physiological jaundice™ which generally harmless and self-limited. Rarely there are
pathological causes of jaundice in the newborn such as serious liver disease, which need to
be detected by health care professionals (National Collaborating Centre for Women’s and

Children’s Health, 2010).

A complication of neonatal hyperbilirubinemia (NNH) may occur when bilirubin rises to
toxic levels, which referred as bilirubin encephalopathy or kernicterus. Recently, there is
an increase in the number of infants with kernicterus in United States which has made
prevention of severe hyperbilirubinemia a national priority (Cabra and Whitfield, 2005). In
rural Kenya, a retrospective study founded that neonatal jaundice cases had significantly
more neurological, motor and developmental difficulties with (43%) of the neonatal
jaundice cases unable to sit and/or stand independently and(18%) died after discharge
(Gordon et al., 2005).

Globally, Newborns whorequire phototherapy were accounted 14.1 million babiesand

approximately 100,000 reach extreme hyperbilirubinemia of Total Serum Bilirubin (TSB)



> 30 mg/dL, a threshold associated with brain damage. The largest percentage was in low
income countries as in South Asia and Africa (Cline et al., 2011)

In Arab countries, it was estimated that the prevalence/incidence of neonatal jaundice in
Egypt, (33%) of total admission cases to Cairo University Children‘s Hospital in 2006
were diagnosed by severe NNH (Iskander et al., 2012). Also, Yahya and Alajeely (2013)
study in Mosul revealed that the incidence of neonates with hyperbilirubinemia reached
(35%).

American Academy of Pediatrics (AAP) stated that jaundice has many possible risk
factors, including blood group incompatibility, maternal age > 25 years, gestational
diabetic mother, previous sibling with jaundice, cephalohematoma or significant bruising,
exclusive breastfeeding, newborn male gender, prematurity, and discharge from hospital
before 72 hour. Understanding the major potential contributing factors of early NNHmay
help health care professionals to identify closely before discharge to home which can

reduce both morbidity and readmission rates (AAP, 2004a).

However, data on incidence, potential risk factors, neonatal management and outcome
ofNNHhave been word widely studied, till now there are no research studies have been
established to investigate risk factors of NNHin Gaza Strip (GS). Therefore, our study adds
to explore the risk factors by which this perceived common problem as explained.

1.2 Research problem

NNHis one of the most common pediatric problems globally associated with high
morbidity and mortality in neonatal period (Taheri et al., 2014) that affect up to
approximately 85% of newborns (Watchko and Tiribelli, 2013). It is the most common
reason for hospital readmission and medical consultation in newborn babies (National
Collaborating Centre for Women’s and Children’s Health, 2010; Hansen, 2014). The most
common reason for re-hospitalization in Escobar et al. (2005) study was jaundice, with
253/738 (34.3%). Olusanya et al. (2009) study showed that NNJ was reported for351
(6.7%) infants, out of which 291 (82.9%) received phototherapy while 98 (27.9%) further

had blood exchange.

Worldwide, the global prevalence of Rh hemolytic disease was estimated at 276/100,000
live births, reaching to 373,300 babies in 2010. In addition to Europe/Central Asia, South
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Asia and Sub-Saharan Africa were found to have the highest prevalence, estimated at
roughly 386/100,000 live births. This is incontrast to an estimated prevalence of
2.5/100,000 live births in high-income countries with well-established health-care systems
that offer sophisticated perinatal and neonatal care for mothers and their infants (Bhutani et
al., 2013).

Each year approximately 60% of 4 million neonates in the United States are reported to
have clinical jaundice (AAP, 1994). In a prospective study to investigate severe NNH in
the United Kingdom, the incidence of severe hyperbilirubinemia was 7.1/100 000 live
births and the incidence of bilirubin encephalopathy was 0.9 case per 100,000 live births
(Manning et al., 2007).

Low and middle income countries represent the higher incidence\prevalence rate of severe
NNH in comparison to high-income countries characterized by high rates of morbidity,
mortality and neurodevelopmental consequences (Olusanya et al., 2015). Bhutani et al.
(2013) study explained that kernicterus with Rh disease ranged from 38, 28, 28, and
25/100,000 live births for Eastern Europe/Central Asian, sub-Saharan African, South

Asian, and Latin American regions, respectively.

In spite of high incidence and serious consequences of NNHglobally, there is limited
availability of epidemiological researches to accurately estimate the exact magnitude as
well as the intensity of this problem in GS. Therefore, this clinical study will investigate the
risk factors of NNHwhich will be a necessary tool in formulating measures of prevention,

early detection and management of severe NNHthereby reducing newborn deaths.
1.3 Justification

NNHoccurs in high incidence rates and considers as the most common health problem
leads to hospital readmission that cause a huge cost for management affected and disabled
newborns from the complication ofNNHespecially in fragment health care systems where
lack of resources, add the over- burden of affected handicapped babies on their families and
the community. Despite what previously mentioned,NNHand kernicterus still aren’t
reportable diseases, and there are no reliable sources of information providing national
annual estimates as stated by AAP (Ip et al., 2004).

Worldwide, annually estimate at least 14.1 million babies (10.5% of live births) require

phototherapy. Of these, more than 6 million infants of those requiring treatment (~45%) do
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not receive effective treatment, and approximately 100,000 reach extreme
hyperbilirubinemia of TSB>30 mg/dL, a threshold associated with brain damage. The
largest percentage is in South Asia and Africa, particularly because of a high number of
births and pre-term births, fragment health systems, and non-modifiablerisk factors (Cline
etal., 2011).

NJ accounted for (17%) of all pediatric admissions and (34%) of deaths over 1000
admissions during the first 7 days of life in a study carried out in a hospital in rural Kenya
(English et al., 2003). Based on a summary of multiple case reports that extended to more
than 30 years which produced by the Tufts-New England Medical Center’s Evidence-
Based Practice Center under contract to the Agency for Healthcare Research and Quality,
concluded that kernicterus has at least 10% mortality and at least (70%) long-term
morbidity (Ip et al., 2004).

Although risk factor for NNHhave been commonly studied worldwide, there are limited
well-formed studies or systemic surveys have been established to evaluate either risk
factors of NNHin Gaza Strip or the short and long term sequences of hyperbilirubinemia.
Moreover, there is no systematic, adequate and accurate information about NNH in GS
hospitals. Currently,an available data only in West Bank (WB) that the percentage of infant
deaths due to unspecified neonatal jaundice reached 5 (1%) infants, (3) male and (2)
female in 2014 (MOH, 2015).

This study could be the first one to be conducted in GSwhere the researcher is going to
investigate the main suspected risk factors that may contribute to NNH in GS either socio-
demographic, maternal, or neonatal factors. The results of the study will highlight the need
for implementing some strategies to alleviate the modifiable factors which will reduce risk

for future babies to develop jaundice, enhance early management and reduce mortality rate.
1.4 Research objectives
1.4.1 General objective

To identify the main possible risk factors that contributing to neonatal hyperbilirubinemia

among admitted neonates in Gaza governorates.



1.4.2 Specific objectives

1. To investigate an association between socio-demographic factors and NNHamong

newborns in Gaza governorates.

2. To determine an association between maternal factors and NNHamong case and

control group.
3. To explore neonatal factors that in association to occurrence ofNNH.

4. To suggest recommendations for stockholder and policy makers in Ministry of
Health (MOH), health care providers, and mothers to improve infant health and reduce the

occurrence of neonatal hyperbilirubinemia.
1.5 Research questions
This study addresses the following research questions:-

- What are the main possible risk factors contributing to NNHin Gaza governorates?

- Are there significant associations between the socio-demographic factors such as
(mother age, mother education, mother occupation, and family income) and occurrence
of NNH?

- Do maternal related factors contribute to NNH development?

- Are there significant associations between mothers' pregnancy disorders and
NNHoccurrence?

- Is there a significant association between the mother blood group and Rh type and
occurrence of NNH?

- Is there a significant association between maternal oxytocin drug use and developing of
NNH?

- What is an association between type of delivery and occurrence of NNH?

- What are the main neonatal health factors that may lead to NNH?

- Is there a significant association between family history of previous sibling with
jaundice and occurrence of NNH?

- Are there significant associations between birth weight, feeding practices, and presence

of cephalhematoma or bruising and occurrence of NNH?



1.6 Context of the study
1.6.1 Geographical context

Palestine is known in ancient history as the land of Canan, with the entire area of about
27,000 kilometers (km2) which occupied by Israeli in two stages; the first one in 1948 and
the second in 1967 (MOH, 2011). Palestine has an important strategic geographic location
(Annex1.1). It constitutes the southwestern part of Belad EI-Sham that is bordered by
Lebanon, Syria and Jordan, in addition to Egypt. Palestinian area stretches from Ras Al-
Nakoura in the north to Rafah in the south (MOH, 2006). The land controlled by the
Palestinian Authority is called the Palestinian territory with total area reach to 6,020 Km2.
It is consisting of two geographically separated areas: WB and GS (MOH, 2011).

GS is a narrow zone of land lying on the coast of the Mediterranean Sea. It is very crowded
place with area 365 sg. Km and constitutes (6.1%) of total area of Palestinian territory land
with population density reached 3,808 inhabitants/km2 The last occupation was Israel who
occupied GS from Egyptians in 1967. It is administratively divided into five governorates:
North, Gaza, Mid-zone, Khanyounis and Rafah (MOH, 2006).

WB is located west of the river Jordan with area of 5,655 sq Km with population density
reached 420 inhabitants/ km2. It has been under Israeli Military Occupation, together with
East Jerusalem and GS since June 1967. WB is divided into four geographical regions. The
North of WB includes the districts of Jenin, Tulkarem, Qalqylia, Salfit and Tubas districts.
The Center includes the districts of Ramallah and albireh, and Jerusalem. The South
includes the Bethlehem and Al-Khaliel districts, and the sparsely populated Jordan valley
including Jericho (MOH, 2006).

1.6.2 Demographic context

The total number of Palestinian population in State of Palestine at the end of 2014 was
4.62 million: 2.83 million in WB (61.2%) and 1.79 million (38.8%) in GS. There were 2.35
million males in state of Palestine compared to 2.27 females; 1.44 million males and 1.39
million females in WB, and 909 thousand males and 881 thousand females in GS (PCBS,
2014a).

The population density in State of Palestine at the end of 2014 was 767 individuals/km?;
500 individuals/ km? in WB and 4,904 individuals/ km? in GS (PCBS, 2014b). It has been
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estimated by MOH in 2014 that the rate of natural increase in the population of Palestine
was (2.9%) in the WB (2.6%) and in the GS (3.4%). The reported crude birth rate in
Palestine was 26.7\ 1,000 population in 2014; 23.6\1,000 in WB and 31.6 \ 1,000 in GS.
The crude death rate for Palestine reached 3.1 per 1,000 of population in 2014; 3.8 / 1,000
of population in GS and 2.56/ 1,000 of population in WB. Moreover, total fertility rate in
Palestine was 4.1; 3.7 in WB and 4.5 in GS (MOH, 2015).

The total number of live births in hospital were 104168, 42167 births in GS and 62001 in
WB (MOH, 2010). According to the Palestinian Central Bureau of Statistics(PCBS)
(2013), infant and under-child mortality rates continued to decline, but started to rise again
during 2006-2010 due to the high rates of neonatal mortality that affected infant mortality
rates in general and reflected higher risks during pregnancy. The under-five mortality rate
was 23.4 per 1000 live births between 2006 and 2010. The GS had the highest rates at 26.8
per 1000 live births compared to the WB at 21.0 per 1000 live births (PCBS, 2013).

1.6.3 Socioeconomic context

The Palestinian population continues to live under unstable economic circumstances
Unemployment and poverty rates are still high. The unemployment rate for those 15 years
of age or older remained alarming rise reaching (23%)(MOH,2014). In regards to the
health economic indicators, the National Health Accounts data indicates an increase in
total expenditure on health at current prices increased during 2011-2012 to 261.9 million
United States Dollar in 2012 compared to 201.0 million United States Dollar in
2011(PCBS, 2014a).

1.6.4 Palestine health care system

The Palestinian health system is composed of three major components, primary health
care, secondary health care and tertiary health care. Five major service providers share the
responsibility in health care service provision: governmental health sector, United Nations
Relief and Works Agency, Non- governmental organizations, Palestinian Military Medical
Services, and the private sector(MOH, 2014).

Primary health care services are the backbone of the Palestinian health care system.
Primary health care centers throughout Palestinian governorates have expanded from 454
centers in 1994 to 750 centers in 2012,(65.2%) increase. The Ministry of Health (MOH)is

7



the main primary health care center operating (61.3%) of the total primary health care
centers (MOH, 2014).The primary health care centers distributed in Palestinian
governorates as 163 primary health care centers in GS and 604 primary health centers in
WB(MOH, 2015).

Secondary health care services are provided mainly byMOH. It owns and operates 2,979
hospital beds distributed over 25 hospitals throughout the various Palestinian governorates.
The overall number of hospital beds in Palestine is 5,414 beds distributed over 79
hospitals; 49 are in WB with 3,163 beds, making up (57.6%) of total hospital beds, the
remainder is in GS (MOH, 2014).

Tertiary health care services are covered also mainly by MOH which participate in
provision of some limited services in its facilities, and through purchasing these services
from other service providers inside (private sector and nongovernmental organizations
specifically East Jerusalem Hospitals) and outside Palestine (MOH, 2014). Tertiary health
service centers increased from 80 centers in 2010 to 94 centers in 2011; mainly due to

expanding secondary centers to provide various tertiary care services (MOH, 2014).
1.6.4.1 Governmental hospital services

In Palestine, there are 80 hospitals; 50 in WB and 30 in GS, with total number of 5,939
beds in governmental and non-governmental hospitals; (59%) in WB and (41%)in GS.
Seventy three percent of them are general beds, (18.6%) specialized beds, 3%
rehabilitation beds and (15.3%) maternity beds. There are 13.1 beds per 10,000 of
populations; 12.6 beds in WB and 13.8 beds in GS (MOH, 2015).

1.6.4.1.1 Al-Nassir Pediatric Hospital

Al-Nassir Pediatric Hospital is the main pediatric referral center in Gaza. Every year, it
provides health care to approximately 90,000 girls and boys below 12 years of age in its
emergency ward and inpatient units. The total beds 122 beds (MOH, 2015). Approximately
1800 critically ill infants receive care in the hospital’s 22-bed Neonatal Intensive Care Unit
(NICU) (MOH, 2015). It is located in the western part of GS, which the hospital is
providing several medical services for children. The hospital consists of several different

sections; the NICU has been established by 1973 started with 7 incubators. In the year



2011 the NICU department was rehabilitated and renewal by UNICEF funded. Now the
department become fully equipped and contains 33 incubators (MOH, 2009).

AL-Nassir pediatric hospital offers pediatric services, and clinical capacity with 151 beds,
located in Al-Nassir district in Gaza city which was built in 1962 on an area 4400 m2, and
serves the area coverage of the province of Gaza from Wadi Gaza, south, until the
neighborhood of Sheikh Radwan north, and with a population of 496,411 inhabitants
(MOH, 2009).

1.6.4.1.2 Naser Medical Complex

Naser Medical Complex is the second largest governmental medical institution in the Gaza
Strip. It is located in the western area of Khanyounis governorate, general hospital, which
was built in 1958 on an area of 50000 m2, and serves the area of Khanyounis, with a
population of 269,601 inhabitants (MOH,2006). The total beds 260(MOH, 2015), the
NICU has been established at 1989 started with 8 incubators, now has 17 incubators. This
hospital provides secondary health services that include medical and surgical services as
well as obstetric and maternity care. The hospital includes two main buildings; Al-Tahreer
and Naser buildings. Al-Tahreer building includes obstetric and gynecology words,
pediatric department, NICU in addition to administrative offices. Naser building includes
medical, surgical, orthopedic, physiotherapy, coronary care unit and general intensive care
unit (MOH, 2014).

1.7 Theoretical and operational definitions

1.7.1 Risk: Risk is defined as the probability that an event will occur. In epidemiology, it
is most often used to express the probability that particular outcome will occur following a

particular exposure (Last, 2001).

1.7.2 Risk factors: In (2015), World Health Organization (WHQ) defined a risk factor as
any attribute, characteristic or exposure of an individual that increases the likelihood of
developing a disease or injury, but is not necessarily causal factor. Some examples of the
more important risk factors are underweight, gender, high blood pressure, tobacco and

alcohol consumption, and unsafe water, sanitation and hygiene.

The researcher defined risk factors operationally as those factors that may lead to incidence of

NNH, these factors include; socio-demographic, maternal, and neonatal factors.



1.7.3 Maternal factors: The researcher defined maternal factors operationally as mother

related conditions during pregnancy which have shown impact on increased risk of NNH.

1.7.4 Neonatal factors: The researcher defined neonatal factors operationally asneonate

related conditions which have an established effect on increased risk of NNH.

1.7.5 Socio-demographic factors: The researcher defined scio-demographicfactors
operationally asfamily andsocial status related conditions which have shown impact on

increased risk of NNH.

1.7.6 Birth weight: Birth weight is the first weight of the newborn obtained after birth.
For live births, birth weight should preferably be measured within the first hour of life,
before significant postnatal weight loss has occurred (UNICEF, 2004).
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1.8 Lay out of the study

This study consists as a general from five chapters: introduction, conceptual framework
and literature review, methodology, results and discussion, finally; conclusion and

recommendation.

The first chapter presents a general introduction on the study, in which a brief background
about the study participants is given, the research problem, justification for study, the

general and specific objectives, the context of study, and definition of terms.

The second chapter includes two parts: the first part is conceptual framework where the
researcher provides a representation diagram of the main study variables. The second part
Is the literature review of previous studies related to the study topic and variables.

The third chapter offers the methodology including study design, study setting, study
population, sample size and sampling process, period of the study, eligibility criteria, data
collection instruments, validity and reliability, pilot study, data collection, data
management and statistical analysis, ethical and administrative considerations and finally

the study limitations.

The forth chapter describes the results and discussion where the researcher displays the
study results in form of tables and graphs and combines with clarifying comments. Then,
these results are discussed in relation with previous published studies in respect to the

study topic and its objectives.

The fifth chapter, the researcher demonstrates conclusion and recommendations in the light

of the study results.
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Chapter 2

Literature Review and Conceptual Framework

In this chapter, the researcher presents the conceptual framework and literature review of
the study themes and variables. In depth information regarding the main concepts and

variables, besides previous studies were mentioned.
2.1 Conceptual framework

Conceptual frameworkrepresents way of thinking about a problem or a study, or way of
representing how complex things work. Researcher constantly uses conceptual framework
to guide his work. Conceptual framework illuminates individual’s work and illustrates

several variables and outcomes, and their interrelation (Bordage, 2009).

In this chapter, the researcher reviews the critical points of the study variables that are
related to developing NNH. As well as, the researcher reviews relevant previous studies
and experiences of other researchers in this field. After that, the researcher was able to
sketch map showing lines of the interdependence of the factors which contribute in the

development of NNH.

There are several factors related and affecting the occurrence of NNH. Time restriction and
the nature of the study did not allow studying all these variables and therefore a researcher

focused on part of these variables and developed new brief model (Figure 2.1).

The following conceptual framework consists of three dimensions as shown; each
dimension represents multi-variables to measure the associated factors as elucidated

below:
2.1.1 Socio-demographic factors:

The first domain was the socio-demographic factors which include mother age, mother

education, mother occupation, and family income.
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2.1.2 Maternal factors:

The second domain was the maternal factors which include: mother blood group and Rh
type, parity, pregnancy disorders, delivery type, premature rupture of membranes, oxytocin

drug use, and length of stay in postnatal department.
2.1.3 Neonatal factors

The last domain was the neonatal factors which contain neonate order, birth weight,

cephalhematoma and bruising, previous sibling with jaundice and feeding practices.
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Figure 2:1 Conceptual framework diagram *'self-developed™’
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2.2 Literature Review
2.2.1 Background

NNHmay have been noticed by heath care providers through the centuries, but the
scientific description and study of this disease have started in the 18™ and 19" centuries. In
1785, Baumes who first scientifically described the clinical course of NNJ in 10 neonates,
and as a result, he was awarded a prize from the University of Paris. Hervieux, in 1847
first portrayed brain jaundice staining in 31 of 44 autopsied cases. After that, Orth in 1875,
first described yellow staining of the brain. Thereafter, Schmorl in 1903 presented the
results of his autopsies of 120 jaundiced infants to the German Society for Pathology. All
of these infants’ brains were jaundiced, but only 6 cases demonstrated a staining
phenomenon similar to that previously described by Orth. Schmorl coined the term

kernicterus (jaundice of the basal ganglia) for this staining pattern (Hansen, 2000).

In October 1994, the Provisional Committee for Quality Improvement and Subcommittee
on hyperbilirubinemia of the American Academy of Pediatrics (AAP) produced a practice

parameter for the management and treatment of hyperbilirubinemiain (AAP, 2004a).

The current guideline represents a consensus of the committee charged by the AAP with
reviewing and updating the pre-existing guideline and is based on a careful review of
comprehensive literature review evidence by the New England Medical Center Evidence-
Based Practice Center (AAP, 2004a).

2.2.2. Epidemiological background

NNHis a frequently common phenomenon in newborns around the world because almost
every newborn develops high level of an unconjugated serum bilirubin level related to
immature liver function. Through the literature review in numerous researches studies,
were noted high incidence rate of NNHdue ABO and Rh hemolytic diseases and the new
trend towards earlier hospital discharge and higher survival rate of preterm infants. It is
mentioned that every year, ~24 million pregnancies and their babies are at risk worldwide
(Bhutani et al., 2013). For this reason, NNHSstill roughly threat for newborn infants.

Global prevalence of extreme hyperbilirubinemia (bilirubin encephalopathy;TSB >428

umol/l in full-term babies) and Rh disease was estimated in systematic review and meta-
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analysis study to reach 373,300 live births in 2010 were affected by Rh disease
(277/100,000 live births; and 107,400 live births by bilirubin encephalopathy; due to other
cause. The majority of the total bilirubin encephalopathy; and Rh disease (80%) occurred
in those born in countries with neonatal mortality rate (NMR)>15 that account for (60%) of
the global live births (Bhutani et al., 2013).

Available evidence suggests that low and middle income countries represent the greatest
burden of severe NNHcharacterized by high rates of morbidity, mortality and
neurodevelopmental disorders compared to high-income countries(Olusanya et al., 2015).
In sub-Saharan Africa, jaundice occurs in a high proportion of neonatal hospital admission
(Gordon et al., 2005). Olusanya et al., (2015) study illustrated that three-quarters of

mortality occurred in sub-Saharan Africa and South Asia.

The global burden of hyperbilirubinemia is disproportionately heavy, Cline et al. (2011)
study states that annually, at least 14.1 million babies worldwide (10.5% of live births)
require phototherapy and approximately 100,000 reach extreme hyperbilirubinemia of
TSB>30 mg/dL, a threshold associated with brain damage (see Table 2.1). Of those, more
than 6 million (~45%) infants do not receive effective treatment mainly be in South Asia
and Africa where high number of births and pre-term births, weak health systems, and
hereditary risk factors.

Table (2.1): The incidence rate of Sever neonatal hyperbilirubinemia by region

Sub- Middle South Latin
East and | and Eastern America North .
Saharan North | Asi d h Europe A - Oceania | World
Africa or_t ceqtra sia and the merica
Africa Asia Caribbean
Annual
incidence  of - - - -
TSB.>25mg\dl 670,000 110,000 480,000 90,000 27,000 1,380,000
Annual
incidence  of - - - -
TSB.>30mg\dl 48,000 8,000 34,000 6,000 2,000 98,000
Annual need
for 5,880,000 | 1,090,000 | 3,770,000 | 2,101,000 | 658,000 237,000 | 309,000 | 24,000 14,100,000
phototherapy
Annual unmet
need for
3,290,000 | 530,000 2,360,000 | 440,000 130,000 * * * 6,750,000*
phototherapy

Cline et al. (2011)

United States are reported clinically jaundiced in (60%) of newborns annually (AAP,
1994). Manning et al. (2007) study reported the incidence of severe hyperbilirubinemia to
be 7.1/100 000 live births in United Kingdom. Furthermore, in Denmark, Ebbesen et al.
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study (2005) explained that twenty-five per 100 000 infants born at term or near-term
developed extreme hyperbilirubinemia. Also, in Sgro et al. (2006) study, an estimated

incidence of NNHin Canada was 1 in 2480 live births.

In low and middle income countries, NNHobserved more significantly, the prevalence of
314,700 surviving neonates with extreme hyperbilirubinemia and Rh disease, (75,400
cases; 24%) who developed kernicterus were 56/100,000 live births. More than (83%) of
survivors with kernicterus had one or more impairments (Bhutani et al., 2013).A study was
done in Federal Medical Centre Abakaliki, South East Nigeria revealed that neonatal
jaundice accounted for (35%) of all NICU admissions (Onyearugha et al.,
2011).Furthermore, Henny-Harry and Trotman (2012) study conducted to describe the
epidemiology of neonatal jaundice at the University Hospital of the West Indies; the
incidence of clinically significant neonatal jaundice was (4.6%) for the study period from
January 1, 2006 to June 30, 2007. Kavehmanesh et al. (2008) study explained that the
prevalence of readmission for hyperbilirubinemia in infant with birth weight 0of>2500 gram
in Najmieh Hospital, Tehran, from 2004-2005 was (12.6%).

In Arab countries, it is estimated that the prevalence/incidence of neonatal jaundice in
Egypt, (33%) of total admission cases to Cairo University Children‘s HospitalNICU at age
> 6 days over an 18-month period in 2006 were diagnosed by severe NNH (Iskander et al.,
2012). Yahya and Alajeely (2013) descriptive study was conducted on 440 neonates
attending the Al-Khansaa Teaching Hospital and Ibin-Sena Teaching Hospital in Mosul

revealed that the incidence of neonates with hyperbilirubinemia reached (35%).

Global estimate indicated that there were 114,000 neonatal deaths associated with Rh
disease and bilirubin encephalopathy due to other causes in 2010 (for 85/100,000 live
births, 22% or 25,000 deaths with bilirubin encephalopathy). Eastern Europe/ Central Asia,
Latin America, sub-Saharan Africa, and South Asia account for 6, 7, 35, and 39% of the
deaths, respectively, with a combined prevalence of 119/100,000 live births compared with
(0.1%) (n = 94; prevalence 1/100,000 live births) in high income countries (Bhutani et al.,
2013).

Although neonatal hyperbilirubinemia have been commonly studied worldwide as
mentioned in the previous studies, till now there are limited research studies have been

established to investigate risk factors of NNHin GS.
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2.2.3. Definition of neonatal hyperbilirubinemia

Hyperbilirubinemia is defined as an excess of bilirubin in the blood (National
Collaborating Centre for Women’s and Children’s Health, 2010). In specific term, NNHis
defined as a total serum bilirubin level above 5 mg per dL (86 umol per L (AAP, 1994). In
2004a, American Academy of Pediatrics stated that hyperbilirubinemia in infants >35
weeks gestational age (GA) is defined as total bilirubin >95th percentile on the hour-

specific Bhutani nomogram.

2.2.4. Pathophysiology of bilirubin metabolism

Bilirubin is produced in the macrophages of the reticuloendothelial system. These
macophages contain two essential enzymes: hemeoxygenase and biliverdinreductase.
Hemeoxygenase converts heme; the source of bilirubin - One gram of hemoglobin
produces 35 mg of bilirubin - into biliverdin. Biliverdinreductase then converts biliverdin
into unconjugated bilirubin (or ‘indirect”) (Marcdante and Kliegman, 2013) which is the
bilirubin that has been processed by the liver (National Collaborating Centre for Women’s
and Children’s Health, 2010). Due to its hydrophobic nature, unconjugated bilirubin is
transported in the plasma tightly bound to albumin (National Collaborating Centre for
Women’s and Children’s Health, 2010).Consequently, unconjugated bilirubin is
conjugated in the liver in presence of uridinediphosphoglucuronyltransferase to produce
conjugated (or "direct™) bilirubin, which then passes through the intestine and is excreted
in the stool. In addition, bacteria in the neonatal intestine convert bilirubin to urobilinogen
and stercobilinogen, which are excreted in urine and stool and usually limit bilirubin

reabsorption (Marcdante and Kliegman, 2013).
Physiologic jaundice

Bilirubin formation in newborns is 2 to 3 times greater than in adults because newborn
babies’ red blood cells have a shorter life span than those of adults; 70 to 90 days in
newborns compared with 120 day in adults (Marcdante and Kliegman, 2013). Add that
metabolism, circulation and excretion of bilirubin in newborn is slower than in adults

(National Collaborating Centre for Women’s and Children’s Health, 2010).
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The previously mentioned circumstances lead to physiologic jaundice; term used to
describe common, generally harmless, jaundice seen in neonates in the first 2 weeks of life
(National Collaborating Centre for Women’s and Children’s Health, 2010).

Pathological jaundice

It is non-physiological type to be said when jaundice appear within 24 hours, TSB
concentration exceeds 5 mg/dl on first day of life in term neonate, 10 mg/dL on second
day, or 12-13 subsequently. Any jaundice present in the first 24 hours with TSB reach
tol7 mg/dL, or appear beyond 3 weeks and conjugated bilirubin (dark urine staining the
clothes and light colored stool) should be presumed pathologic and warrants investigation

for a cause and possible intervention, (Mishra et al., 2007).

2.2.5. Types of hyperbilirubinemia

X Conjugated hyperbilirubinaemia:
Conjugated hyperbilirubinemia can results from impaired flow of bile into the intestine, as

in patients with biliary obstruction or from reduced secretion of conjugated bilirubin into

the bile, such as in patients with hepatitis (Weisiger, 2014).

X Unconjugated hyperbilirubinemia:

Unconjugated hyperbilirubinemia can result from increased the rate of bilirubin formation,
reduced the rate of bilirubin conjugation or impaired hepatic uptake of bilirubin (Nazer and
Roy, 2014).

2.2.6 Causes of unconjugated hyperbilirubinemia:
1. Increased hemolysis of RBCs

o Hemolytic jaundice

- ABO incompatibility: It is most often seen when the mother has blood group O and the
newborn has blood group A or B (Beeby, 2005). Hemolytic disease develops from
maternal anti-A or anti-B immunoglobulin G antibodies that cross the placenta and attach

to the appropriate antigens on the neonatal red cells (Kaplan et al., 2009).

- Rhesus (Rh) hemolytic disease: This condition primarily occurs when Rh-negative
mothers who have become sensitized to the D-antigen in an Rh-positive fetus develop anti-

D antibodies which can cross the placenta and attack the blood of Rh-positive babies in
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subsequent pregnancies. It is involves hemolysis of red blood cells before and after birth
(Beeby, 2005).

2. Decreased hepatic uptake and conjugation of bilirubin

o Breast milk jaundice

Breast milk jaundice occurs infrequently, peaks in the 2nd or 3rd week, and may extend at
moderately high levels for 3-4 weeks before declining. If feeding with breast milk is
stopped, the serum bilirubin usually falls, however this would uncommonly be indicated.
The potential harms of stopping breast feeding would outweigh any risks of a mild or
moderate hyperbilirubinaemia. The etiology is unknown, but there is some support for both
a hormonal factor in the milk acting on the infant's hepatic metabolism, and an enzyme

(lipase) facilitating intestinal absorption of bilirubin (Beeby, 2005).

3. Increased enterohepatic reabsorption

o Breastfeeding jaundice

Jaundice in breast-fed babies usually appears in 24 hours of age. In case of healthy breast
fed newborns, a certain degree of yellow skin coloration appears approximately 2-4 days
after birth. Jaundice disappears or its intensity decreases spontaneously in one or two
weeks, with no needed treatment (AAP, 2004a). In Schneider’s meta-analysis (1986) of 25
studies has shown that (13%) of breast-fed babies had peak TSB levels of 12 mg/dL or
higher as compared to (4%) of artificially fed babies.

Early neonatal jaundice
Jaundice is that onset on the first day of life, is always pathologic and immediate attention
is needed todetect the cause. Early onset often is a result of hemolysis, internal hemorrhage

(cephalhematoma), or infection (Marcdante and Kliegman, 2013).
Prolonged jaundice

Jaundice which occurs in babies with a gestational age of 37 weeks or more lasting for
more than 14 days, and in babies with a gestational age of less than 37 weeks with jaundice

lasting for more than 21 days (National Institute for Health and Care Excellence, 2010).

20



2.2.7 Risk factors for hyperbilirubinemia in newborns

American Academy of Pediatrics (2004a) listed the risk factors that are clinically
significant and most frequently associated with an increase the risk of severe
hyperbilirubinemia. In this study, the researcher selected most of these risk factors and
classified as: socio-demographic, maternal, and neonatal factors. After in-depth review of
the previous literature, the researcher made a summary for the selected risk factors of
NNH.

2.2.7.1 Socio-demographic factors

The selected socio-demographic factors in our study which may influence the incidence of

NNHinclude: mother age, mother education, mother occupation and family income.

Mother age

There was considerable controversy regarding association between mother age and
neonatal hyperbilirubinemia. Najib et al. (2013) study illustrated that the mother's age of
(52.6%) of patients was more than 25 years old. Furthermore, Henny-Harry and Trotman
(2012) study founded that maternal age ranged from 16 to 46 years with a mean of 29.4 +
6.3 compared with mean age of mothers was 28.0 + 5.18 years that (88%) of mothers age
were between 20 — 35 years old. Additionally, more than half (59.1%) of the mothers were
aged between 25 to 34 years old with mean ages of mothers were 29.1 + 5.6 years (Ng and
Chong, 2014).

Yahya and Alajeely (2013) mentioned that there were a significant differences between
mother age (25-35 years) and neonates with hyperbilirubinemia, P value = (0.008).
Moreover, Grupp-Phelan (1999) study showed that mothers who younger than 18 years old
had higher risk for hospital readmission with hyperbilirubinemia than older mothers (Odds
Ratio (OR): 2.50, 95% Confidence Interval (Cl): 1.00- 6.41); (OR: 1.32, 95% CI. 1.11-
1.58) respectively.

On the other hand, Srivastav et al. (1999) study showed that slightly higher serum bilirubin
levels were obtained in the neonates of older age group mothers on day one, which were
statistically insignificant, thus the maternal age did not affect the blood serum bilirubin

level. On observing serum bilirubin levels again on day 3 and day 5, the researcher
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founded statistically significant higher serum bilirubin levels in younger age group mother
on day 3 (peak) whereas there was no significant difference observed on day 5, however
slightly higher in older age group mothers. Furthermore, Wood et al. (1979) study
mentioned that no effect of maternal age on NNH. Also, Kavehmanesh et al. study in 2008
explained that maternal mean (standard deviation) age was 27.71 (5.4) years and didn’t
differ between the jaundiced and non- jaundiced babies [28.1 (5.6%) in jaundiced and 27.6
(5.4%) in non- jaundiced, P=0.45]. Finally, Israel-Aina and Omoigberale (2012) study

showed that mean maternal age of mothers was 30.44 £ 5.63 years, (P value = 0.62).

Mother education

Low maternal education level had a significant relationship with delayed health care-
seeking and the use of home remedies for newborn jaundice so;their offspring may be
more affected by hyperbilirubinemia than high education (Ogunlesiand Ogunlesi, 2012). In
Yahya and Alajeely (2013) study, the results showed a significant relationship between
educational level and hyperbilirubinemia that the high proportion of the sample is not read
and write was (67) of 224, (36) of 105 were primary school, (21) of 41 were secondary
school, (14) of 44 were intermediate school, and (16) of 36 were institutes and university.
Furthermore, Boo et al. (2011) study illustrated that the mean duration of education was
11, standard deviation (SD) =2.7years. Additionally, Ng and Chong (2014) study showed
that most mothers were educated with at least secondary school education (85.3%) with
(14.6%) having tertiary school education.

Few conflicting results were observed, Iskander et al. (2012) study showed that (75.4%) of
the mothers' cases were literate and (24.6%) were illiterate. Similarly, in Najib et al. (2013)

study in which there were (55%) of cases' mothers were high graduates.
Mother occupation

There is consistency in the literature that mother work may influence the occurrence of
NNH. Olusanya et al. (2009) study showed that infants of mothers without full-time
employment were significantly less likely to have severe NNHthan those with fully
employed mothers. Similarly, Boo et al. (2011) study which illustrated that (47.7%) of the
babies mothers were housewives, (5.8%) were professionals, (20.3%) were skilled
workers, and (25.0%) were semi-skilled workers. Elhissi (2012) study showed that
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neonatal jaundice appeared in (28.1%) of newborns; (31%) of working pregnant women
gave birth to jaundiced infants while (27.9%) housewives gave birth to jaundiced infants.

On the other hand, Iskander et al. (2012) study explained that (42.3%) of cases mothers
were working and (57.7%) of them non-working. Moreover, Ng and Chong (2014) study
which revealed that approximately half of the mothers were housewives (53.0%) while
(40.4%) were working with more than two thirds of those mothers working being in the

private sector.

Family income

The role of family income was studied in many epidemiological studies aspredisposing
factor for NNHthat thought to be interfering in mother's dietary regimes and life style.
Olusanya et al. (2015) meta-analysis study examined the influence of social class on severe
hyperbilirubinemia that the results did not show any significant association (P value =
0.090), this mean that low social class was not associated with an increased risk of severe
hyperbilirubinemia.Additionally, Ng and Chong (2014) study verified that the family
income was not statistically associated with NNH(P value = 0. 682).

2.2.7.2 Maternal factors

There were numerous of maternal risks may influence the NNHincidence. Several previous
studies showed a difference in maternal risk contribution. In our study, the included
maternal factors were: mother blood group and Rh type, parity, pregnancy disorders
(including: gestational diabetes, pregnancy induced hypertension, urinary tract infection,
vaginal infection, anemia, and perinatal hemorrhage), delivery type, premature rupture of

membranes, oxytocin drug use, and length of stay in postnatal department by hours.

Maternal blood group and Rh type

Maternal O negative blood groupis thought to be considered a risk for developing
NNH.Despite thefact that the prevalence of Rh-negative type is significantly lower among
Africans thanCaucasians, Rh alloimmunization remains a major factor responsible for
perinatal morbidity inSub-Saharan Africa and may result in the compromise of the
woman’s obstetric care due to theunaffordability of anti-D immunoglobulin (Osaro and
Charles, 2010).
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There is a controversy in the literature about the influence of this risk. Henny-Harry and
Trotman (2012) study founded that the majority of mothers had blood group O (66%) and
20 (12%) of mothers had Rhesus negative. Furthermore, Kavehmanesh et al. (2008) study
explained that the Rh-negative mothers had more jaundiced infants (17.9%) compared with
Rh-positive mothers (12%) (P value = 0.01). In a logistic regression analysis adjusted
mother's Rh type, the results showed a significant effect of Rh type on neonatal admission
for jaundice (OR: 1.30, CI: 0.67-2.52). Furthermore, Kalakheti et al.(2009) study
conducted to estimate the incidence of hyperbilirubinemia in babies born to O positive
mothers, the results showed that 37 (18.5%) babies had developed hyperbilirubinemia and
among them 14 (38%) were from group of babies having O positive blood group and 23
(62%) were from group of babies having other than O positive blood group. In addition,
Sgro et al. (2006) study stated that 32 cases (66.7%) involved infants born to mothers with
type O blood. Moreover, Najib et al. (2013) study showed that the percentage of infants
born to mothers with type O blood was (66.7 %).

On the other hand, in Kavehmanesh et al. (2008) study, the results showed that there were
no differences between maternal blood groups of jaundiced and non-jaundiced babies (P
value = 0.3), no significant effect of maternal blood groups; O, A, B, and AB on jaundice
as [(OR: 1.14, CI: 0.53-2.45), (OR: 1.06,Cl: 0.67-1.66), and (OR: 1.17, CI: 0.69-1.98)]
respectively. Also, in a retrospective analysis of 166 cases with ABO hemolytic disease of
the newborn, risk factors for the severity of jaundice were compared in infants with blood
group A or B. The results explained that there were no statistically significant differences
in hematological parameters including initial and final indirect bilirubin levels and
hemolytic findings between the both groups (Akgil et al., 2013). Additionally, Bhat and
Kumar (2012) study showed that there was no significant difference in the incidence and
severity of haemolysis between the O-A and O-B-incompatible neonates. Finally, Wood et
al. (1979) study which mentioned that no effect of ABO blood group on NNH.

Parity

The reviewed studies have incongruent results showed that multipara had a significant

relationship with reduce risk for newborn hyperbilirubinemia.

Dubal and Joshi (2012) study conducted to analyze maternal factors affecting neonatal
jaundice in Gujara. The results showed that primi mothers were having higher chances of

neonates with neonatal jaundice (44% of cases) and also TSB level was higher in
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neonates who were first born (20.4 + 5.6) compare to neonates of multipara mothers.
Furthermore, in Henny-Harry and Trotman (2012) study, (54%) of mothers was
primiparous, (39%) were Para 1-2, and (7%) were Para 3-6. Similarly, Iskander et al.
(2012) study showed that (67.7%) of patients mother were primipara and (32.3%) were
multipara. In addition, Olusanya et al. (2015) study, which includes a total of 13 studies
with 1,951 subjects and 32,208 controls from India, Nigeria, Pakistan, Nepal and Egypt,
the results showed that primiparity with OR: 1.59 (95% CI: 1.26-2.00).

On the other hand, Ng and Chong (2014) study revealed that a large proportion of the
mothers were multiparous with (61.6%) having 2 to 5 children and (8.1%) having more
than 5 children.

Pregnancy disorders

Several maternal disorders could play a role in influencing the NNH that reported in the
literature review. These disorders include: gestational diabetes, pregnancy induced
hypertension, vaginal infection, urinary tract infection, anemia, and perinatal hemorrhage.
The previous literatures mentioned that commonest pregnancy complication could lead to
NNHwas gestationaldiabetes that the frequency of polycythemia results in an elevated and
uncontrolled red blood cell production is 10-20% in infants of diabetic mothers. This
abnormal red blood cell production leads to accumulation of bilirubin (Emedicine, 2015).
Boskabadi and Zakerihamid (2012) study explained that (21%) of newborns with jaundice,
their mothers had a history of pregnancy problems and (79%) had a history of normal
pregnancy. The most frequent problems in the history of pregnancy were hypertension
(4.7%), vaginal bleeding (3.3%), diabetes (2.78%), and urinary tract infection (0.8%). In
Al-Hakeem(2006)study which revealed that the commonest complication in neonates of
gestational diabetic mothers and the leading cause for NICU admission was
hyperbilirubinemia, (41.2%) compared to (6.4%) for neonates of non-diabetic mother.
Also, Titi and El Sharif(2013) study mentioned that infants born to mothers with
gestational hypertension or gestational diabetes were (34%); (P value =0.002).
Furthermore, Henny-Harry and Trotman (2012) study showed that there were 23 (14%) of
jaundiced newborn mothers documented diabetic disorders. An etiology of clinically

significant hyperbilirubinaemia in 10(6%) infants was mother diabetes.

Nonetheless, those results were incongruent with Al-Khalifah et al. (2012)study which

showed that newborns of gestational diabetic mothers wasn’t significantly different in
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comparison with normal mothers (OR= 1.02, 95% CI: 0.95-1.10; P value = 0.55). Also the
results of the data analysis in Bertini et al. (2001) study showed that there was no
statistically significant correlation between jaundice onset and maternal diabetes (6.6%);
(P value= 0 .59). In addition, Mesic et al. (2014) study showed that (8 of 34) jaundiced
newborn; their mothers reported diabetes mellitus or gestational diabetes with P value >
0.05.

Other studies investigated the effect of maternal hypertension during pregnancy on NNHas
a risk factor. Bertini et al. (2001) study explained that there was no statistically significant
correlation between jaundice onset (TSB .12.9) and maternal hypertension (5.4%), (P value
= 0.75). Furthermore, Mesicet al. (2014) study showed that there was no statistically
association between jaundice and preeclampsia (P value >0.05).Aboutmaternal infection,
Mesic et al. (2014) study showed that a statistically significant difference between jaundice

onset; (25 of 72) jaundiced babies and maternal infection (P value < 0.05).

Delivery type

The method of delivery may be normal vaginal delivery (NVD), cesarean section(C/S), or
instrumental method. Many studies in the literature demonstrated that normal vaginal
method increases the risk for neonatal jaundice. Najib et al. (2013) study illustrated that
(73.5%) were delivered with NVD and (26.5%) with C/S. Furthermore, in Iskander et al.
(2012) study, (72.3) % of cases were delivered with NVD and (27.7%) with cesarean
section method. Moreover, Friedman et al. (1978) study showed that (21.3%) of neonates
with jaundice delivered by ventouse extraction (P value<0.001). In addition, Henny-Harry
and Trotman (2012) study explained that (66%) of cases were NVD and (34%) were
delivered by C/S. Also, Heydarian and Majdi (2010) study showed that (63.6%) of
patients' mothers were NVD and (36.4%) were C/S. In addition, Olusanya et al. (2009)
study showed that the percentage of cases delivered vaginally were (94.7%) and to those
delivered by C/S were (5.3%). Bertini et al. (2001) study results showed a positive,
statistically significant correlation between TSB .12.9 and delivery by vacuum extractor
(17.5%) (P value = 0.001).

On the other hand, Wood et al. (1979) study mentioned that no effect of type of delivery on
NNH. Moreover, Bilgin et al. (2013) demonstrated that mode of delivery had no effect on
bilirubin levels during first 48 hours in healthy neonates. Also, Bertini et al. (2001) study
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results showed no statistically significant correlation between TSB .12.9 and delivery by
neither vaginal delivery (4.8%),(P value= 0 .67)nor cesarean section (4.7%), (P value= 0
.79). Moreover, Dubal and a Joshi (2012) study which showed that there strong association
(P value <0.05) was founded between cases with TSB<15 mg and cases with TSB > 15 mg
in relation to mode of delivery indicating higher chances of neonatal jaundice with high
TSB in neonates born by lower segment cesarean section (20.5 = 5.6) as compared to those
delivered by normal vaginal delivery (14.5 £ 4.0). Add to that, Mesic et al. (2014) study
which revealed a statistically significant difference between the onset of jaundice and
mode of delivery: jaundice was more common in newborns that were born by stimulating

or inducing labor than in those born spontaneously (P value <0.05).
Premature rupture of the membranes (PROM)

There were variations in the role of rupture of membranes surrounded the fetus and
development of NNH. Henny-Harry and Trotman (2012) study explained that 16 (9%) of
admitted neonates with jaundice, their mothers were with prolonged rupture of membranes.
Additionally, Boskabadi and Zakerihamid (2012) study explained that (2.7%)newborns
with jaundice, their mothers had a history of premature rupture of membrane. Furthermore,
Mesic et al. (2014) study confirmed the association between the onset of jaundice in
newborns and premature rupture of membrane that (27 of 71) jaundiced newborn, their
mothers with PROM (P value <0.05).

Unlike previous studies, Kavehmanesh et al. (2008) study revealed that premature rupture
of membranes was in (11.4%)of the cases which not reached to the statistically significant

level; (P value =0.7).
Oxytocin drug use

The association between oxytocin-induced labor and NNHis documented. The literature
suggested that oxytocin use causes to include hepatic glucuronyltransferase immaturity,
anoxic liver damage, enhanced placenta-fetal transfusion, increased erythrocyte fragility,

and mechanical trauma to erythrocytes (Buchan, 1979).

Literature review explained incongruent evidence in the relation between oxytocin
administration and NNH. Najib et al. (2013) study showed that 66 neonates (32.4%) of

neonates with indirect hyperbilirubinemia, their mothers were given oxytocin during labor.
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Moreover, Buchan (1979) study illustrated that infant born after oxytocin-induced labor
had an increased plasma bilirubin concentration (P value < 0.001) than others. In addition,
Chalmers et al. (1975) study which revealed that (12.4%) infants born after oxytocin
administration became jaundiced with relative risk (RR): 1.61, (P value< 0.000001), while
(8.1%) infants born after spontaneous laborbecame jaundiced. Additionally, Davies et al.
(1973) study mentioned that the infants of mothers whose delivered artificially induced
with oxytocin had a mean total bilirubin level which was significantly higher (P value <
0.05) than that in the infants whose mothers delivered spontaneously and did not require

oxytocin during labor.

Nevertheless, literature review explained incongruent evidence to show that there was no
increase in mean plasma bilirubin levels when the oxytocin was given (Wood et al.,
1979).In addition, Kavehmanesh et al. (2008) study revealed that oxytocin used in (34.5%)
of the cases which not reached to the statistically significant level; (P value =0.4). Also,
Davies et al. (1973) study stated that infants of mothers whose labor was of spontaneous
onset but required oxytocin to accelerate progress did not did not differ significantly from

mothers whose mothers had had a spontaneous onset of labor and did not require oxytocin.
Length of stay in postnatal department

American academy of pediatrics defines early and very earlyhospital discharge as 48 and
24 hours, respectively, after uncomplicated vaginal delivery and less 96 hours after birth
by cesarean section (AAP, 2004b). The American Academy of Pediatrics (1995) defined

early discharge from well-baby nurseries defined as less than 48 hours after birth.

Routine hospital stay for newborns and their mothers has decreased clearly over the recent
years intended largely by cost containment strategies and financial reimbursement(Grupp-
Phelan et al., 1999). In the past, newborns remained in the hospital for many days;
jaundiced babies subsequently could be identified before discharge so would be treated
appropriately. Today, because of exaggerated rates of delivers, limited hospital's capacity
and the shortage in bed numbers; almost all infants delivered by vaginal method leave the
hospital before they are 24 hours old, therefore the bilirubin concentration peaks after
discharge. This practice in combination with other risk factors leads to difficulty in
recognition, follow-up, and early treatment of neonatal jaundice (Kavehmanesh et al.,

2008). For this reason, AAP (2004a) recommended guidelines for timing of the assessment
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and follow up of all newborns discharged before 72 hours of age. The guidelines explained
that infant who discharged before age 24 hours, should be seen by age of 72 hours and
infant, who discharged between 24 and 47.9 hours, should be seen by age of 96 hours

while infant who discharged between 48 and 72 hours, should be seen by age of 120 hours.

There was controversy in the results of reviewed studies. Escobar et al. (2005)study
showed that newborns whose stay was less than 72 hours, were at a significantly greater
risk for readmission than those who had longer stays. Iskander et al. (2012) study showed
that (79.2%) of mothers discharged in < 24 hours, (14.4%) of babies mothers discharged
within 25-48 hours and (6.4%) of them discharged in > 48hours. This was consistent with
Grupp-Phelan et al. (1999) study which stated that healthy infants leave hospital to home at
younger than 30 hours were between (10%) and (64%) more likely to be readmitted for
jaundice than similar infants with longer neonatal stay. As a comparison, infants staying <2
days: (OR: 1.35, 95% CI: 1.12-1.63) and infants staying >2 days: (OR, 1.43, 95% CI, 1.01-
2.04) for infants staying >2. Najib et al. (2013) study showed that 137 (73.5%) neonates
developed jaundice after early discharging from hospital early discharge (P value = 0.035).
Also, Maisels and Kring (1998) study explained that discharge at any time < 72 hours
significantly increases the risk for readmission to hospital and the risk for readmission with
hyperbilirubinemia when compared with discharge after 72 hours. Finally, Gupta et al.
(2006) revealed that neonatal jaundice was the most frequent problem seen in 105 (54.4%)
children on follow-up. Only 16 (8.3%) newborns needed re-hospitalization; the most

common indication being neonatal jaundice (n=9).

On the other hand, there were other studies showed that infants whose length of stay was
<48 hours were at no greater risk for readmission for jaundice or other causes than those
whose length of stay was >48 hours to <72 hours; [length of stay <48 hours (OR: 2.40,
95% CI: 1.09- 5.30) and 48 to <72 hours (OR, 3.15, 95%CI: 1.40 to 7.09) versus >72
hours]. Also, Kavehmanesh et al. (2008) study mentioned that mean (SD) length of
primary nursery stay was 30.2 (23.9) hours. Mean neonatal stay in jaundiced babies was
30.6 (2.5) hours, but in non-jaundiced babies was 27.7 (9.8) hours, that is significantly
longer in non-jaundiced infants (Pvalue< 0.001).
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2.2.7.3 Neonatal factors

Numerous neonatal factors were suspected and investigated as possible risk factors for
neonatal jaundice. We classified them as follows: neonate order, birth weight (BW),

cephalhematoma and bruising, previous sibling with jaundice, and feeding practices.
Neonate order

There are incongruences in the literature about the risk of neonate order and developing of
NNH. Dubal and Joshi (2012) study revealed that birth order was found to be associated (P
value <0.05) with level of total serum bilirubin in neonatal jaundice. In contrast, Mesic et
al. (2014) study showed that jaundice was most common in first-born infants; (98 of 341)
jaundiced neonate were first-born infants, but the association not reached to statistically
significant level ( P value >0.05). In addition, Kavehmanesh et al. (2008) study reported
that there were 1547 (57.3%) first offspring, (12.9%) of them were jaundiced neonates and
(87.1%) were non-jaundiced neonates, no significant increase of readmission because of
jaundice was found among those infants compared with subsequent babies (OR: 0.74;
95% CI: 0.50-1.09; P value = 0.55).

Birth weight

There is debate in the literature about the effect of birth weight on occurrence of NNH.
Narang et al.(1997) study carried out to assess the incidence, severity, causes and
therapeutic interventions for jaundice in neonates, founded that there was significant
neonatal jaundice occurred in (14.56%) of all births with an incidence nearly three times
higher in low birth weightbabies(< 1500gram) compared to babies above 2500 gram;
(34.5%) of low birth weight babies (< 2500 gram) developed significant NNJ and among
the very low birth weight (<1500gram), (65.6%) developed significant jaundice.
Furthermore, Omekwe et al. (2014) study illustrated that the low birth weights
(52.8%).Also, Olusanya et al. (2015) study, in which a total of 13 studies with 1,951
participants and 32,208 controls from India, Nigeria, Pakistan, Nepal and Egypt were
studied, the results showed that underweight/weight loss was with (OR: 6.26, 95% CI:
1.23-31.86). Moreover, Friedman et al. (1978) study reported that there was significantly
association between neonatal jaundice and birth weight (P value<0.001). Finally, Henny-
Harry and Trotman (2012) study reported thatbirth weight ranged from 670 gram to 4830
gram with a mean of 2696 + 799.
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On the other hand, Henny-Harry and Trotman (2012) study determined that (65.3%) of
patients their birth weight was above 2500gramand (34.7%) their birth weight was 2000-
2500 grams. Furthermore, Kavehmanesh et al. (2008) study revealed that mean (SD)
neonatal birth weight was 3301.1 (395) gram totally [3284.6 (393.0) in jaundiced babies
and 3303.5 (385.9) in non- jaundiced babies], which did not differ between the two groups
(Pvalue =0.41). Also, Heydarian and Majdi (2010) study showed that the birth weight in 77
(65.3%) of cases was above 2500 gram (P value= 0.001) while there were 41(34.7%) of
cases, their birth weight was 2000-2500gram.

Cephalhematoma and bruising

Cephalohaematoma is a collection of blood that develops beneath the outer layer of
periosteum of a neonate's skull. Clinically, it appears as a firm, tense mass at birth and
resolves in a few weeks to months (National Collaborating Centre for Women’s and

Children’s Health, 2010).

There were variations about the risk role of cephalhematoma or bruising and occurrence of
neonatal hyperbilirubinemia. In Najib et al.(2013) study, (4.7%) of the cases had
cephalhematoma and (7.7%) of cases had bruising similar to Henny-Harry and Trotman
(2012) study, in which there were 4 (2%) of jaundiced newborn documented
cephalohaematoma and 10(6%) were excessive bruising. An etiology of clinically
significant hyperbilirubinaemia in 3(1%) infants was cephalohaematoma and excessive
bruises in 7(4%). Kuzniewicz et al. (2008) study demonstrated that bruising on
examination doubled this risk of severe hyperbilirubinemia Adjusted Odds Ratio (AOR) =
2.36, 95% CI: 1.17 - 4.77). Bertini et al. (2001) study also demonstrated statistically
significant  positive correlation was found between hyperbilirubinemia and

cephalohematoma; (P value <001).

On the other hand, Hung (2004) study showed that cephalhematoma wasn't statistically
significant risk factor identified with the univariate logistic regression models [AOR: 7.39.
95% CI: 0.84-64.66; (P value = 0.071)]. Additionally, Kuzniewicz et al. (2008) study

demonstrated that cephalohematoma wasn’t a risk factor in this study (P value =0.5).
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Previous sibling with jaundice

There is consensus in the literature review that the incidence of NNHis higher in infants
with siblings who had neonatal jaundice or treated for neonatal jaundice. Kuzniewicz et al.
(2008) study revealed that a family history of jaundice appeared to increase the risk of
severe hyperbilirubinemia by almost 4-fold (AOR: 3.83, 95% CI: 0.93 - 15.7). In Najib et
al. (2013) study, (27.9%) neonates had history of jaundice in their siblings (12.4%) of need
phototherapy and 5.3% of them need exchange phototherapy). Moreover, Henny-Harry
and Trotman (2012) study which demonstrated that (4%) of newborns with neonatal
hyperbilirubinemia had previous sibling treated for hyperbilirubinaemia. Also Khoury et
al. (1988) study illustrated that the risk of hyperbilirubinemia in newborns who had one or
more prior siblings with NNHwas 3.1 times higher than that of newborns that hadn't prior
siblings’NNH (10.3% vs. 3.6%). Finally, Yahya and Alajeely (2013) study demonstrated
that (68%) of cases had positive history (32%) had negative history of jaundice in sibling.

Feeding practices

It is meanable prediction that improper feeding practices may lead to development of
NNH.For accurate assessment of this risk, that involves: feeding method, feeding
frequency, feeding difficulty, feeding initiation time and number of wet diapers
[24hours.Many epidemiologic studies examined the effect of feeding practices on
occurrence of NNH.In relation to feeding method, Iskander et al. (2012) study explained
that (66.9%) of the cases were breast fed, while (8.5%) were bottle fed, (4.6%) were fed
both methods, and (20%) were fed by breast milk and others. Moreover, Ng and Chong
(2014) study revealed that an admirable proportion of mothers surveyed were breast
feeding exclusively (81.8%) with 3 mothers (1.5%) bottle feeding only while the rest
(16.7%) mothers gave breast feeding and bottle feeding to their babies. Furthermore, the
percentages of feeding method among 154 neonates with hyperbilirubinemia in Iraq were
(88%) breast feeding,(6%) artificial feeding, and (6%) mixed feeding. Also, the results
showed that the breast feeding had highly significant risk for hyperbilirubinemia, (P value
= 0.000) (Yahya and Alajeely, 2013). Additionally, Henny-Harry and Trotman (2012)
study which showed thatinfants who were exclusively breastfed had a significantly higher
mean admission 350.7 = 77.2 pmol/L and peak bilirubin 370.7 = 66.7 umol/L level than
infants who were getting supplementation 233.4 + 113.1 pumol/L and 316.73 + 47.6 umol/L
respectively, (P value< 0.01). Furthermore, Bilgin et al. (2013) study founded that

32



vaginally delivered mothers initiated breastfeeding earlier and needed less nutritional
support for their babies than mothers delivered with c/s. Infants born with cesarean section
were fed later and more often had mixed feeding. Moreover, Saigal et al. (1982) study
showed that mean TSB were significantly higher in the breast-fed infants than formula-fed
infants on each postnatal day (P value< 0.001). The proportion of babies with peak
bilirubin levels at or above 12 mg/dl was higher in the breast-fed group (26% v. 7%, P
value < 0.001). Furthermore, Hung (2004) study showed that breast feeding was
statistically significant risk factor related to neonatal jaundice identified with the univariate
logistic regression models [AOR:4.60, 95% CI:2.40-8.81; (P value< 0.001)] and similarly,
multivariate logistic regression models adjusted for the breast feeding confirmed the
statistical significance of these factors [AOR:4.64. 95% CI: 2.25-9.57; (P < value 0.001)].
A similar trend was seen inKuzniewicz et al. (2008) study which illustrated that exclusive
breastfeeding was highly statistically significant (AOR: 2.09, 95% (CI) =1.05 to 4.03) and
had twice the risk of developing TSB>25 mg/dL. Also, Maisels and Kring, (1998) study
revealed that breastfeeding showed a significant risk factor for hospitalized infants for
jaundice(OR: 4.21, 95% CI: 1.80 to 9.87). Add to that, Wood et al. (1979) study presented
a higher incidence of neonatal jaundice in breast fed mother.

Unlike previous studies, Bilgin et al. (2013) study demonstrated that feeding route had no
effect on bilirubin levels during first 48 hours in healthy neonates. Furthermore, Bertini et
al. (2001) study demonstrated a statistically significant positive correlation between
patients with a total serum bilirubin concentration >12.9 mg/dL and supplementary feeding
[refers to infants who were breastfed and received additional formula supplements.]
(13.1%), (P value <0.001); oppositely, negative correlation had been showed between
breastfeeding and patients with a total serum bilirubin concentration >12.9 mg/dL (2.7%),
(Pvalue < 0.001). In Heydarian and Majdi (2010) descriptive cross sectional study
performed among 118 neonates weighting 2 kilogram and more who had exchange
transfusion. This study explained that the majority of neonates fed breast milk exclusively
(57.6%), (26.3%) fed breast milk and formula,(11%) took formula alone and (5.1%) had

not oral feeding and only got intravenous fluid therapy (P value = 0.000).
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2.2.8 Complications
2.2.8.1 Kernicterus (Acute or chronic bilirubin encephalopathy)

In young infants, unconjugated bilirubin can penetrate the blood-brain barrier to be toxic
to brain and spinal cord and can cause both short-term and long-term neurological
dysfunction. Acute clinical manifestations include lethargy, irritability, abnormal muscle
tone and posture (hypotonia), temporary apnea and convulsions. This presentation is
known as acute bilirubin encephalopathy. Yellow staining is produced in brain as a
result of bilirubin deposition; this is referred to as kernicterus. The term kernicterus is also
used to denote the clinical features of acute or chronic bilirubin encephalopathy (National
Collaborating center for Women'sand Child's Health, 2010). Untreated infants
progressively develop hypertonia, backward arching of the neck (retrocollis) and trunk
(opisthotonus), and high-pitched cry. The latter features is referred as chronic bilirubin
encephalopathy that may occur if no treatment adding long-term neurological problems;
cerebral palsy, hearing loss, visual and dental problems, and occasionally intellectual
disabilities (AAP, 2001).

In developing countries, kernicterus ranks as the fifth leading cause of mortality in
newborns (Bhutani and Johnson, 2003). In the United States, it has been estimated that
between 35-105 cases per year would develop kernicterus with 3.5 million term deliveries
if untreated (Wennberg et al., 2006).

2.2.9 Diagnosis
2.2.9.1 Clinical assessment

All babies need to be monitored for jaundice development by ongoing assessment
whenever vital signs are measured or at least every 8 to 12 hours. Jaundice assessment is
applied in a well-lit room or in daylight at a window, by blanching the baby’s skin with
digital pressure by a finger and observing the underlying color of the skin and
subcutaneous tissues. Jaundice appears first in the face and progresses caudally to the trunk
and extremities.Kramer’s rule (see Annex 2.1) has been used traditionally in visual
assessment of the severity of jaundice that explains the cephalocaudal progression of

jaundice as TSB increase. It divided the baby into 5 zones, with a TSB level measurement
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combined with each zone (Queensland Maternity and Neonatal Clinical Guidelines
Program, 2009).

2.2.9.2 Risk assessment

To identify newborns at risk for severe hyperbilirubinemia and to prevent bilirubin
encephalopathy, guidelines have been developed on an evidence-based approach for the
management of jaundiced neonates. An American Academy of Pediatrics’ Subcommittee
on Hyperbilirubinemia adapted a guideline for hyperbilirubinemic infants of 35 or more
weeks of gestation. The focus of this guideline is to reduce the incidence of severe
hyperbilirubinemia and bilirubin encephalopathy in addition to minimizing the risks of
unintended harm such as maternal anxiety, decreased breastfeeding, and unnecessary costs
or treatment (AAP, 2004a).

The best documented method for assessing the risk of hyperbilirubinemia on later is to
measure the total serum bilirubin and or total transcutaneous bilirubin level; it is
noninvasive, fast, and relatively inexpensive technique for measuring serum bilirubin and
plots the results on a nomogram (Annex 2.2).Bilirubin nomogram is tool identifies risk
zones based on the newborn’s age in hours. An infant whose TSB is in the low-risk zone is

at very low risk of developing severe hyperbilirubinemia (AAP, 2004a).
2.2.10. Treatment

The most common therapeutic modalities in the treatment of newborn with

hyperbilirubinemia are phototherapy and exchange transfusion (Hansen, 2014).
2.2.10.1 Phototherapy

Phototherapy is the most widespread treatment in neonates with unconjugated
hyperbilirubinemia. This therapeutic technique was discovered unintentionally in England
in the 1950s, now it is considered the traditional therapy used in newborns (Hansen, 2014).
This treatment method using blue-green light that aids in destructing the serum bilirubin
level (AAP, 2004a).The clinical response of exposed newborn to phototherapy depends on
the efficacy of the phototherapy device, as well as the infant’s rates of bilirubin production

and elimination (Bhutani and the committee fetus and newborn, 2011).
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In 2011, an AAP published a technical report, “Phototherapy to Prevent Severe Neonatal
Hyperbilirubinemia in the Newborn Infant 35 or More Weeks of Gestation.” Their goal
was to standardize the use of phototherapy in the management of hyperbilirubinemia that
the most important intervention for infants with severe hyperbilirubinemia is to initiate
phototherapy immediately (Bhutanim and Committee on Fetus and Newborn, 2011).The
annex (2.3) illustrates the recommended levels for the phototherapytreatment according to
gestational and postnatal ages (AAP, 2004a).

2.2.10.2 Exchange transfusion

Exchange transfusion is one of the most common strategies for the treatment of neonatal
hyperbilirubinemia. It prevents kernicterus by removing bilirubin from the circulation also
maternal antibodies in Rh-hemolysis disease (Smits-Wintjens et al., 2008). American
Academy of Pediatrics (2004a) recommended guidelines for exchange transfusion
according to gestational and postnatal ages, with thresholds given for phototherapy (Annex
2.4).

The complications of exchange transfusions have been reported in many studies. In a
retrospective study lasted to 15 years comparing the incidence of severe complications
between healthy and ill infants, (2%) of 106 infants with a variety of illnesses died after
exchange transfusion, and (12%) had severe complications. None of the 81 healthy infants

died, but 1 had severe necrotizing enterocolitis requiring surgery (Jackson, 1997).
2.2.10.3 Breast feeding

Increasing the frequency of feedings is recommended in jaundiced newborn. Optimal
breastfeeding (eight to 12 times per day) enhances removal of bilirubin through the
gastrointestinal tract. Infants with inadequate oral intake, excessive weight loss (more than
12 percent of birth weight), or dehydration should receive supplemental breast milk or
formula. Intravenous fluids should be given if feeding is insufficient and the infant is
dehydrated (AAP, 2004a).

2.2.10.4 Pharmacologic therapy

Medications are not usually administered in newborns with physiologic NNJ. However, in

certain conditions, phenobarbital has been used to enhance bilirubin metabolism. Several

36



studies have shown that phenobarbital is effective in reducing TSB. Phenobarbital may be
administered to the mother prenatally or the infantpostnatally (Hansen, 2014).The
recommended dose for Intravenous immunoglobulin is 0.5-1.0 g/kg in case of Rhesus
hemolytic disease (AAP, 2004a).
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2.2.11 Summary

Table (2.2):

Summary for the main

hyperbilirubinemiarisk factors

literature review findings of neonatal

Study Population

Author(s) Study type Title of Paper Description Significant finding
Davies et al. Prospective Neonatal Jaundice |» Blood bilirubin was | * 2nd day:
study and Maternal | obtained on the 2" and 5" | - Mean group A: 4.8 (2.8)
Year:(1973) Oxytocin Infusion day. - Mean group B: 5.4 (2.9); (P > 0.05)
o Rhesus and ABO | - Mean group C: 6.8 (2.3); (P < 0.05)
Country: incompatibility were
England excluded. * 5N day:

e Group A:Spontaneous labor,
no oxytocin

e Group B: Spontaneous
labor, oxytocin given.

e Group C: Labor artificially,
oxytocin given.

- Mean group A: 4-3 (4 2)
- Mean group B: 2-8 (3 2); (P > 0. 05)
- Mean group C: 7-0 (4 2); (P < 0.05)

Chalmers et al.
Year:(1975)
Country:

United Kingdom

Retrospective
controlled
study

Use of Oxytocin and
Incidence of Neonatal
Jaundice

e Group A:Oxytocin
administration

e Group B:Spontaneous
Labor, no oxytocin

* Group A: Infants born after oxytocin
administration became jaundiced: (12.4%);
RR: 1.61 (P< 0.000001).

* Group B: Infants born after spontaneous
laborbecame jaundiced: (8.1 %)

Friedman et al. Retrospective | Factors influencing f Infants without multiple | * BW:(P <0.001)
Year:(1978) study the incidence of | birth, Rh or  ABO | *Ventouse extraction:(P <0.001)
Country: neonatal jaundice incompatibility & G6PD | * Oxytocin: (P<0.001)
London deficiency were observed
for 1st week of birth.
Wood et al. Retrospective Factors  affecting o Plasma bilirubin was | *Mother age:>25years (52.6%).
cross neonatal jaundice estimated on the 6th day of | * Feeding method
Year:(1979) sectional life. Artificial: (12.3%); (P<0.001)
study e Preterm, low birth weight, | Breast: (25.3%); (P < 0.05)
Country: Coombs,  positive  and | Mixed: (23.6%)
England ventose delivered babies | * Labor onset
were excluded. Spontaneous: (19.1%)
Induced, prolonged Pregnancy: (14.6%)
Induced, other: (24.6%)
*No effect of maternal age, delivery type
&ABO  blood group on  neonatal
hyperbilirubinemia.
Buchan Retrospective | Pathogenesis of e 95 healthy newborn infants | * Infants born after oxytocin-induced labor
Year: (1979) cross neonatal (44 boys, 51 girls) had an increased plasma  bilirubin
Country: sectional hyperbilirubinaemia e Birth weights: 3005-4108 concentration (P< 0.001) than others.
England StUdy after induction of o Apgar scores exceeding 7 at
labor with oxytocin one minute.
Saigal et al. Prospective Serum bilirubin levels jo 485 infants who delivered | * Mean TSB (including the peak level) were

Year: (1982)

Country:
Canada

study

in breast- and
formula-fed infants

in the first 5 days of
life

during March to July 1979

in  maternity unit in
Hamilton, Ont. were
enrolled

e Eligibility criteria:

e Healthy, term, singleton
, delivered SVD or CS,
weight  appropriate  for
gestational age and expected
to stay in hospital for at least
4 days.

e Exclusion criteria:

e All infants with congenital

significantly higher in the breast-fed group
than formula-fed infants on each postnatal day
(P <0.001).

* The proportion of babies with peak bilirubin
levels at or above 12 mg/dl was higher in the
breast-fed group (26% v. 7%, P < 0.001).
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malformations, diabetic
mothers, had problems or
separated from their mothers
for medical reasons longer
than 12 hours were excluded

Khoury et al.
Year: (1988)

Country:
United States

Retrospective
Cross
sectional
study

Recurrence Risk of
Neonatal
Hyperbilirubinemia in
Siblings

3301 live infants born
between1966 and 1986 to
1669 male US Army
veterans. The study
population included 580
sibships with one infant, 679
with two, and 410 with three
or more.

* The risk of NHB in newborns who have
one or more prior siblings with NHB was 3.1
times higher than that of newborns who have
prior siblings without NHB (10.3% vs 3.6%).

Narang et al. Retrospective | Neonatal  Jaundice: o 551 live births at Nehru | * Incidence of significant neonatal jaundice:
Cross An Analysis Hospital between April 1994 | (14.56%)
Year: (1997) sectional of 551 Cases and June 1995 who admitted | *Birth weight:
study with diagnosis of NNJ | - <1500gram: (65.6%)
Country: irrespective of other | - <2500gram :( 34.5%)
India illnesses were studied. * incidence of NJ three times higher in LBW
e Group A: TSB < 15 mg/dl babies compared to babies above 2500 g.
e Group B: TSB >15 mg/dI
Grupp-Phelan et | Population- Early newborn |e Cases: 750 infants | * Healthy infants sent home at younger than
al. based case- | hospital discharge and | readmitted to the hospital | 30 hours were between (10%) & (64%) more

Year: (1999)

Country:
United States.

control study

readmission for mild
and severe jaundice

for jaundice in the first 2
weeks of life.

Controls: 3192 infants not
readmitted.

likely to be readmitted to the hospital for
jaundice than similar infants with longer
neonatal stay.

* No difference in readmission for jaundice
between infant discharged from the hospital
early and those discharged late

- Infants staying <2 days: (OR, 1.35[95% ClI,
1.12 1.63].

- Infants staying >2 days: (OR, 1.43 [95% ClI,
1.01-2.04].

Srivastav et al.

Comparative
study

A study of serum
bilirubin in neonates

122 healthy newborns were
selected that TSB was done.

* No significant difference between two
groups on day of birth and day 5 but

Year: (1999) in relation to the |¢ Mothers were divided into | significant difference was observed on day 3
maternal age two groups i.e. <30 years | (P <0.05).

Country: and >30 years of age. * Statistically significant higher serum

India bilirubin levels in younger age group mother
on day 3 (1.36+0.59 mg/dl)
*In both the groups of mothers, serum
bilirubin levels in their neonates raised to
highly significant levels on day 3 (P value
<0.001).
*No significant difference observed on day
5(6.3+1.47 mg/dl.), however slightly higher in
older age group mothers.

Bertini et al. Hospital- Is Breastfeeding |¢ GA > 37 weeks *Supplementary feeding: positive correlation

based Really Favoring Early fe Participants with asphyxia, | (P=0.001).
Year: (2001) prospective Neonatal Jaundice? infections, abnormal direct | * Breastfeeding : negative correlation (P=
study serum  bilirubin  values, | 0.001)
Country: malformations, or other | * Vacuum delivery: (P=0.001)
Italy pathologic conditions
were excluded.

Hung Case-control | Risk  Factors  for |e Cases with peak serum | * Breast feeding: OR: 4.6 (P< 0.001).

Year: (2004) study Severe bilirubin levels >342 umol/L

Country: Hyperbilirubinemia  fe Control with peak serum

Taiwan in Neonates bilirubin levels <256pumol/L

Al-Hakeem Hospital- Pregnancy outcome e 685 pregnant women were | *The commonest complication in babies of

Year: (2006) based of gestational diabetic | diagnosed with gestational | gestational diabetic mothers and leading cause

Country: prospective mothers: Experience | diabetes were studied. for NICU admission was NNH(41.2%)

Saudi Arabia study in a tertiary center compared to (6.4%) for neonates of non-

diabetic mother.
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Gupta et al.
Year: (2006)

Country:
India

Hospital-
based
prospective
study

Length of Postnatal
Stay in  Healthy
Newborns andRe-
hospitalization
Following their Early
Discharge

1134 healthy babies were
enrolled over a period of 2
months in the postnatal ward
of a tertiary care government
hospital in Delhi.

Newborn weighing < 1800
g, < 34 wk gestation, or with
asphyxia, major congenital
anomalies, pathological
hyperbilirubinemia and
those requiring admission
to NICU were excluded

* Neonatal jaundice was the most frequent
problem seen in 105 (54.4%) children on
follow-up. Only 16 (8.3%) newborns needed
re-hospitalization;  the  most  common
indication being neonatal jaundice (n=9).

Kuzniewicz et al.
Year: (2008)
Country:

USA

Nested Case-
Control
Study

Risk

Severe
Hyperbilirubinemia
among Infants with

Factors  for

GA > 34 weeks gestation
BW >2000¢g

e TSB of 17 to 22.9 mg/dL at

age > 48 hours.

* Family history of jaundice: OR = 3.8 (0.93 -
15.7).

* Bruising: OR = 2.36 (1.17- 4.77).
*Cephalohematoma :( p value = 0.5).

Borderline  Bilirubin * Exclusive breast feeding: OR 2.0 (1.03-4.0)

Levels
Kavehmanesh et | Comparative | Prevalence of }e Women who gave birth to | * Prevalence of readmission for jaundice:
al. study Readmission for | their children in Najmieh | (12.6%).

Hyperbilirubinemia Hospital, ~Tehran, from | *Maternal age, mean (SD): 27.71 (5.4) years;
Year: (2008) in Healthy Newborns | 2004-2005 were conducted. | (P =0.45)

Country:
Iran

340 infant rehospitalized for

hyperbilirubinemia and
2362 infants were
nonhospitalized were
compared as icteric and

non-icteric babies.
Weighing >2500 gm.
Singletons

Jaundiced: 28.1 (5.6) hours
Non- jaundiced : 27.6 (5.4) hours

*Maternal blood groups:(P =0.3)
B: OR=1.06;(Cl: 0.67 - 1.66)
AB: OR=1.17;(CI: 0.69 1.98)
O: OR=1.14;(ClI: 0.53 -2.45)

*Maternal Rh: OR=1.30 ;(Cl: 0.67 2.52)

Rh-negative mothers: (P=0.01),

*ROM: (11.4%); (P=0.7).

*Oxytocin used: (34.5%); (P =0.4)

* Birth weight, mean (SD): (P = 0.41)
Icteric: 3284.6 (392.9)
Non-icteric: 3303.5 (395.9)

* Child order: (p = 0.55); OR=

0.50-1.09)

First: Icteric: (12.9%)
Non-icteric: (87.1%)
Subsequent: Icteric: (12.1%)
Non-icteric: (87.9%)

*length of stay, mean(SD)::0.2(23.9) hrs.; (P

<0.001)

Icteric: 27.7 (9.9%)

Non-icteric: 30.6 (25.3%)
*Maternal oxytocin
OR=1.20;(0.54-2.64)

0.74; (ClI:

consumption:

Olusanya et al.
Year: (2009)

Country:
Nigeria

Cross
sectional
community-
based study

Infants with severe
neonatal jaundice in
Lagos, Nigeria:
incidence, correlates
and hearing screening
outcomes

5266 mothers attending four
of the seven primary
healthcare centers which
administered BCG
immunization from July
2005 to June 2007 were
enrolled.

*Incidence of NNJ:

- Need phototherapy: 5.5% (95% Cl: 4.9-6.2)
- Requiring blood exchange: 1.9% (95% CI:
1.5-2.3)

* Mothers age (Years):

Mean : 28.0 £ 5.18 years

< 20: (3.3%)

20-35 (88%)

>35: (8.7%)

* Mothers employment:

Infants of mothers  without full-time
employment were significantly less likely to
have severe NNJ than those with fully
employed mothers.

*Parity

Primiparous: (40.9%)

Multiparous: (59.1%)

*Education

Tertiary: (16.1%)
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Secondary: (66.3%)
Primary: (14.8%)

None: (2.8%)

*Mode of delivery

NVD: (94.7%)

CI/S: (5.3%)

*Exclusive breast feeding

No: (0.7)%
Yes: (99.3)%
Kalakheti et al. Prospective Risk of neonatal ® 199 women having 'O' | 37 (18.5%) babies had developed
cohort hyperbilirubinemia in | positive blood group | hyperbilirubinemia and among them 14 (38%)
Year: (2009) Study babies born to 'O' | admitted to the Department | were from group of babies having 'O’ positive
positive mothers: a | of Gynae and Obstetric were | blood group and 23 (62%) were from group of
Country: prospective  cohort | included in the study from | babies having other than 'O’ positive blood
study July 2002 to June 2003. group. There was 2.6 times higher chance of
having hyperbilirubinemia in the babies with
ABO incompatibility than 'O' positive babies
Heydarian ~ and | Descriptive Severe Neonatal |o Weight: >2kg who had | *ABO incompatibility: (38.1%)
Majdi Cross Hyperbilirubinemia;C | exchange transfusion in *Rh incompatibility: (16.1%)
sectional auses and *Mothers delivery:
study Contributing Factors NVD: (63.6%)
Year: (2010) Leading to Exchange CIS: (36.4%)
Transfusion at Ghaem * Feeding Method:
Country: Hospital in Mashha Exclusive breast milk: (57.6%)
Iran Breast milk and formula: (26.3%)
Formula alone: (11%)
No oral feeding: (5.1%)
Boo et al. Cross- Malaysian Mothers’ |o 400 women consisting of | * Mean duration of education: 11 (SD=2.7)
sectional Knowledge & | 200 Malays, 100 Chinese | years.
Year: (2011) study Practices on Care of | and 100 Indians who | *Mother occupation:
Neonatal Jaundic. admitted to the obstetric | Housewives: (47.7%)
Country: wards in the hospital | Professionals: (5.8%)
Malaysia Tuanku Jaafar from 1 March | Skilled workers: (20.3%)

2008 to 31 July 2008 were
recruited.

Semi-skilled workers: (25.0%).

Dubal and Joshi
Year: (2012)

Country:
India

Retrospective
Cross-
sectional
study

Maternal factors
affecting Neonatal
Jaundice in

Saurashtra region of
Gujarat

50 neonates with NNJ with
TSB >5mg% were examined
who admitted from May
2010 to May 2011.

Neonates TSB <5mg% and

with  severe  congenital
malformation like
hydrocephalus were
excluded.

*Primi mothers: (44%) with TSB (20.4 + 5.6);
(P =0.003)

* Birth order: lower the birth order higher
TSB level (P <0.005).

*Mode of delivery: TSB in neonates born by
C/S was higher (20.5 £ 5.6) as compared to
those delivered by normal vaginal delivery
(145 +£4.0); (P =0.001)

Ogunlesi, T. and
Ogunlesi, F

Year: (2012)

Country:
Nigeria

Retrospective
Cross-
sectional
study

Family socio-
demographic factors
and maternal obstetric
factors influencing
appropriate healthcare
seeking behaviors for
newborn jaundice in
Sagamu, Nigeria

182 mothers whose babies
were referred to a Nigerian
tertiary hospital with
jaundice were studied.

* Low maternal education had a significant
relationship with delayed health care-seeking
for newborn jaundice

Iskander et al.

Year: (2012)

Country:
Egypt

Retrospective
Cross-
sectional
study

Root causes for late
presentation of severe
neonatal
hyperbilirubinaemia

in Egypt

Age > 6 days over an 18
month

* Mather education:

Literate: (75.4%).

Iliterate: (24.6%).

* Mather occupation:
Working: (42.3%)
Non-working: (57.7%).
*ABO incompatibility: (25.4%).
* Rh incompatibility: (5.8%).
*Delivery method:

NVD: (72.3%)

CS: (27.7%).

*Type of feeding:

Breast fed: (66.9%)

Bottle fed: (8.5%)

Both: (4.6%),
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Breast milk fed and others: (20%)

*Parity:

Primipara: (67.7%)

Multipara: (32.3%)

* Mothers discharge: In <24 hours: (79.2%)
Within 25-48 hours: (14.4%) In > 48hours:
(6.4%)

Henny-Harry and
Trotman

Year:(2012)

Country:
India

Retrospective
descriptive
study

Epidemiology of
Neonatal Jaundice at
the University
Hospital of the West
Indies

e 170 neonates at the
University Hospital of the
West Indies with clinically
significant jaundice between
January 1, 2006 and June
30, 2007 were studied.

e Neonates who had a direct
serum bilirubin level greater
than 20% of the value of
their TSB level were
excluded.

* BW:
> 2500 gram: (65.3%)
2000- 2500 gram: (34.7%)
Range: 670 - 48309
Mean of 2696 + 799
*Day of life jaundice first noted :
Day 1: (27%)
Day 2: (43%)
Day 3-4: (26%)
Day 5-6: (3%)
* Admission age:
Mean: 1.8
SD: 2.4 days
*Parity
Para 0: (54%)
Para 1-2: (39%)
Para 3-6: (7%)
* Diabetic mother: (14%)
* Mather age:
Range: 16-46 years
Mean: 29.4 £ 6.3.
*Delivery type
NVD :( 66%)
CIS: (34%)
Vacuum delivery: (1%)
*Oxytocin induction: (15%)
* Feeding method
Exclusive breastfeed: (52%)
Supplemented/formula feed: (21%)
* Blood group
Mothers' blood group O: (66%)
Rhesus negative mothers: (12%)
Infants with blood group O: (38%)
Infants with blood groups A or B: (59%)
*Prolonged rupture of membranes: (9%)
*Cephalohaematoma: (2%)
*Excessive bruises: (6%)
* Previous sibling treated for jaundice: (4%).
Etiology
* ABO incompatibility :( 35%).
*Rhesus incompatibility: (3.5%)
*Infection: (18%)
*Infant of a diabetic mother: (6%)
*Dehydration: (5%)
* Cephalohaematoma: (1%)
* Excessive bruising: (4%)
*Minor group incompatibility: (2%)

Al-Khalifah et al. | Retrospective | Neonatal Short-Term |e 419 pregnant women with | *Jaundice requiring phototherapy were not
Year: (2012) case-control Outcomes of | gestational diabetes | significantly different between the infants
Country: Study Gestational Diabetes | mellitusand 347 controls | born to gestational diabetes mellitus mothers
Saudi Arabia Mellitus  in  Saudi | with their babies were | compared to infants born to normal mothers
Mothers included during Jan to Dec
2007.

Israel-Aina  and | Retrospective | Risk  factors  for |e 1784 babies who admitted | * Mean GA: (37.36 2 .80) weeks.
Omoigberale study neonatal jaundice in | from January 2006 to | * Mean presentation age: (3.43 + 3.76) days;
babies presenting at | December 2008 at Special | (P =0.00)

Year:(2012) the University Care Baby Unit of the | *Mean maternal age: (30.44 +5.63) years;
Country: of Benin Teaching | University of Benin | (P =0.62)
Nigeria Hospital, Benin City Teaching Hospital, Benin | * Mean birth weight:(2,990+ 640) gm,;

City were recruited

(P=0.86)
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* ABO incompatibility: (7.6%)
*Sepsis: (45%)

Elhissi Prospective Mother Work and e 590 pregnant women were | * Physiological jaundice appeared in 28.1% of
Year:(2012) cohortstudy | Pregnancy Outcome | followed up during their 3 | newborns; (31%) of working pregnant women
Country: in the Gaza Strip trimester and their neonates | gave birth to jaundiced infants while (27.9%)
Palestine were examined. housewives gave birth to jaundiced infants.
Bilgin et al. Prospective Factors Affecting | 388 study infants were | *Without hemolytic disease
study Bilirubin Levels | recruited to measure cord 24 | ABO incompatibility: (23.96%)
Year:(2013) during First 48 Hours | hours’ and 48 hours'". Rh incompatibility: (6.44% )
of Life in Healthy Je Infants with severe *Feeding method
Country: Infants problems  like  congenital | Breastfeeding alone: (58.5%)
Turkey anomaly, asphyxia, Mixed feeding: (41%)
traumatic birth caused by | Formula feeding: (0.5%)
vacuum extraction, | * Mode of delivery and feeding route had no
respiratory insufficiency, | effect on bilirubin levels during first 48 hours
infection, metabolic | in healthy neonates.
diseases, and hemolytic | * Vaginally delivered mothers initiated
diseases (i.e., Rh & ABO | breastfeeding earlier and needed nutritional
incompatibility) were | support for their babies less frequently than
excluded. mothers delivered with c/s.

o GA >34 weeks *Delayed first feeding and high cord bilirubin
levels were related to be in higher risk zone
for later hyperbilirubinemia.

Najib et al. Prospective Incidence, Risk |e 170 infants referred to | * Mean BW: 3068 (526) g,ram Range: 1550-
Cross Factors and Causes of | Namazi  Hospital ~ from | 43009
sectional Severe Neonatal | February 2009 to February | * Mean time of first feeding after birth: 3.99
Year:(2013) study Hyperbilirubinemia 2010 due to severe indirect (9.99) hrs, Range: 0.5-72 hrs.
in the South of Iran | hyperbilirubinemia were | * Mean TSB on admission: 2.059(5.81) mg/dl,
Country: Iran (Fars Province) included. Range: 42- 9.5- 42.

e Age less than 28 days *Jaundice in first 24 hours after birth: (11.4%)
& (73.5%) developed jaundice after
discharging from hospital.

*Type of delivery:

NVD: (73.5%)

C/S: (26.5%)

Oxytocin administration: (32.4%)

* History of jaundice in siblings :( 27.9%)
[12.4% of need phototherapy and 5.3% of
them need exchange phototherapy].

*Cephalhematoma :( 4.7%)

*Bruising: (7.7%)

Causes:

* ABO and Rh incompatibility: (5.9%)
[Infants born to mothers with type O blood

(66.7 %)].

* Sepsis: (12%)

Risk factor

*History of jaundice in siblings :(P = 0.006)

*Early discharge:(P = 0.035)

*NVD: (P = 0.027).

*Brest feeding: (P =0.038)

Yahya and | Descriptive Incidence and Risk |e 440 neonates attending the | *Birth weight:
Alajeely study Factors of | Al-Khansaa Teaching | Mean BW: 2.674, SD = 570.35

Year: (2013)

Country:
Iraq

Hyperbilirubinemia in

Neonatal in  Mosul

City

Hospital and  Ibin-Sena
Teaching Hospital in
neonatal intensive care units
throughout 28th December
2009 to the end of 28th
April 2010.

Range 1.750 - 4.800

Normal weight: (63%)

Low birth weight :( 34%)

Macrosomia: (3%)

* Mean TSB level: 13.67,

SD =4.801, Range 5 - 25

* RHincompatibility: (5%)

*ABO incompatibility: (28%)

* Breast feeding: (88%),(P value= 0.00)
Artificial feeding: (6%)
Mixed feeding: (6%)

* History of jaundice in sibling:

Positive history: (68%).
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Negative history: (32%).

* Stepwise regression used to find factors
independently associated with
hyperbilirubinaemia.

-Positive family history:(P value= 0.00)
-Breast feeding: (P value=0.00)

-Not read and write: (P value= 0.005)

-Mother age (25-35 years): (P value= 0.008)
-Poor feeding:(P value=0.02)

Akgl et al., Retrospective | Neonatal e 166 cases with ABO | * No statistically significant differences in
descriptive hyperbilirubinemia hemolytic disease who were | hematological parameters including initial and
Year: (2013) due to ABO | born to blood group O | final indirect bilirubin levels and hemolytic
incompatibility: does | mothers and had no other | findings between the both blood group A or
Country: blood group matter? predisposition to indirect | B.
Turkey hyperbilirubinemia.,
e Risk factors for the severity
of jaundice were compared
in infants with blood group
AorB.
e Infants  with  congenital
anomalies were excluded.
Titi and El Sharif | Follow-up Prenatal and postnatal @ 60 women who had | * Infants born to mothers with gestational
comparative | care of gestational | gestational  diabetes or | hypertension or gestational diabetes: (34%);
Year: (2013) study diabetes and | gestational hypertension | (P =0.002)
gestational from Oct 1, 2010, to Jan 31,
Country:Palestine hypertension in | 2011, we followed up all

clinics for high-risk
pregnancies in the
West Bank, occupied
Palestinian territory

during their pregnancy and
delivery of their baby in
2009.

Mesic al. Retrospective | Unconjugated ° 800 newborns were | * Birth order: first -born infants. (P>0.05).
Cross Pathological Jaundice | conducted in the department | *Maternal infection in pregnancy: (p< 0.05).
Year: (2014) sectional in Newborns of Pediatrics of the | * Preeclampsia: (P >0.05).
study University  Hospital  of | *Gestational diabetes: (P >0.05).
Country: Osijek at the beginning of | * Mode of delivery: spontaneous :( P<0.05).
Europe August until the end | * Premature rupture of the membranes: (P
ofDecember of the same | <0.05)
year.
Kulkarni et al. Retrospective | Risk  factors ~ of e 120 hospitalized neonates at | * ldiopathic: (35%)
Cross neonates with indirect | department of Pediatrics of | *Physiological: (30%)
Year: (2014) sectional hyperbilirubinemia in | Shree Vasantrao Naik Govt. | * ABO incompatibility: (15%)
study teriary care hospital. Medical College and | * Rh incompatibility: (6.67%)
Country: hospital, ‘Yavatmal from, | * Septicaemia: (n8.33%)
India June 09 to May10. * Rh incompatibility: (6.66%)
e TSB >10 mg\dl. * Cephalhematoma: (3.33%)
Olusanya et al. Systematic Risk  Factors  for e A total of 13 studies with | * Primiparity: OR=1.59; ( Cl: 1.26-2.00)
Review and Severe Neonatal 1,951 subjects and 32,208 | * ABO incompatibility: OR=4.01; (2.44-6.61)
Year: (2015) Meta- Hyperbilirubinemia in | controls from India, Nigeria, | * Rhesus _incompatibility: OR =20.63;(Cl:
Analysis Low and Middle- Pakistan, Nepal and Egypt | 3.95-107.65)

Country:
United States

Income Countries

were studied between
January 1990 and June
2014.

* sepsis :OR=9.15;(2.78-30.10)
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Chapter 3
Methodology

3.1 Introduction

This chapter presents all aspects of research methodology used to answer the research
questions. It clarify the design, study population, the sample and setting, the period of
study, the process of data collection and analysis, the strategies and plans to ensure of the
validity ad and reliability of study tools and instruments that will be used for data

collection. Finally, the restriction of the study and ethical issues are included.
3.2 Study design

This study was quantitative approach; the design was a hospital-based case-control study
was used for the purpose of achieving the objectives of the study. Case-control study has
specific advantages compared to other study designs. It is relatively quick, easy,
inexpensive, and generally requires few study participants. Farther it is highly appropriate
to study association of a disease with multiple exposures. Case-control study is particularly
appropriate to study rare diseases or outcomes (Lewalle and Courtrigh, 1998).

3.3 Study setting

The study was conducted in MOH centers. Cases were carried out within two governmental
hospitals in GS; Al- Nassir pediatric hospital and Naser Medical Complex especially at
NICU. Controls were chosen from two primary health centres; Martyrs Khanyounis clinic

and Martyrs Al-Remal clinic.
3.4 Study population

The study population consisted of two groups, the first group was cases (all hospitalized
newborns aged 28 days or less who were staying in NICU in the previously mentioned
hospitals during the study period and having NNHas confirmed by doctor, and the second

group was controls (all newborns aged from 29 to 49 days and didn’t have NNHor history
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of other diseases as confirmed by specialized doctor who presenting in a regular check-up
post natal careof the selected two primary health canters.

The participants weren’trandomized to the exposed or unexposed groups, rather they were
observed in order to determine both their exposure and their outcome status and the

exposure status was thus not determined by the researcher.
3.5 Sample size and sampling process

The sample of this study was convenience sample, GS was divided into two areas; south
and north, Naser Medical Complex represented the south area of Gazaand Al-Nassir
Pediatric Hospital represented the north area of Gaza. The participants were collected from
NICU in previously mentioned hospitals and primary health centres. The size of the sample
determined using the statistical calculator of the EPI-Info software V.20, based on literature
review (Annex 3.1). The sample size was 158, 79cases and 79controls with a ratio of one
case to one control at (o= 0.05, power= 0.8) matching was done by gestational age, gender
and geographic area. To enhance the representation of our sample we increased the sample

to 180, 90 cases and 90 controls.
3.6 Period of the study

The study consumed 9 months; it started in April 2015 after the acceptance of the proposal,
then conducting the administrative procedures and gaining ethical approval. Pilot study
conducted in June 2015. Data collection and data entry started in July 2015 and continued
to September 2015. Data analysis continued in October 2015, and writing final report
continued till the end of November 2015. Annex 3.2 describes the activities of the research
and duration for each activity.

3.7 Eligibility criteria
3.7.1 Inclusion criteria for cases

A Case is a neonate diagnosed as NNH as confirmed by specialized doctor from birth until

age of 28 days and no history of other diseases.
3.7.2 Exclusion criteria for cases

- Neonates with age more than 28 days.
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- Neonates with a history of other diseases such as RDS and birth asphyxia.
- Neonates admitted to the intensive care unit for any reason.

- Those neonates whose guardians or parents declined to give consent.
3.7.3 Inclusion criteria for controls

A control is a healthy neonate who doesn't have currently nor had a history of NNHor other
diseases as confirmed by specialized doctor from 29- 49 days.

Controls were chosen from the previously mentioned primary health centers who in visit
for a regular check-up and to take the first dose of plio immunization (1month). After
doctor assessment, we applied the criteria for controls selection and matching done by
gender, gestational age, and geographical are. For example, a case male 37weeks newborn
in Naser Medical Complex matched with a control male 37weeks newborn inMartyrs

khanyounis clinic.
3.8 Instrument of the study

- After reviewing previous studies and literature, the questionnaire was arranged in a
logical sequence to facilitate the interview and was written in English language (Annex 3.3

& Annex 3.4). The questions were closed- ended questions.
-The questionnaire is divided into three parts and covered the following areas:

o First part about socio-demographic factors: contains information about mother age,
mother education, mother occupation and family income.

o Second part is maternal factors: contains mother blood group and Rh type, parity,
pregnancy disorders, delivery type, premature rupture of membranes, oxytocin drug use,
and length of stay in postnatal department by hours.

o Third part about neonatal factors: includes neonate order, birth weight,

cephalhematoma and bruising, previous sibling with jaundice, and feeding practices.

3.9 Validity and reliability
3.9.1 Face and content validity
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The researcher submitted the questionnaire to expert's panel (Annex 3.5) with scientific
knowledge and personal experience in pediatrics and neonatology and in public health to

revise and evaluate its quality and to make the needed suggestions.
3.9.2 Instrument standardization

The researcher used a calculator to exactly compute the gestational age. Estimated date of
delivery for cases and controls calculated from Last Menstrual Period. Using the birth date
and estimated date of delivery, the calculator yields the gestational age (Annex3.6)
(Medscape, 2015).

3.10 Pilot study

Pilot study conducted before starting data collection. The piloting process aiming to help in
identifying problems in the research design; test data collection tools for clarity, validity,
reliability, and objectivity. Further, it allows the data collectors to gain an experience in
dealing with data collection instruments and participant's characteristics who will be
included in the study.

Piloting performed on 20 participants, 10 cases and 10 controls were included which

obtained from the selected hospitals and primary health centres.
3.11 Data collection

Data was collected using structured interviews (face-to-face interviews questionnaire). All
information gathered from babies' mothers and medical records. The researcher herself
filled up the questionnaire. The time for every interview to fill questionnaire was 15-20

minutes.
3.12 Data management and statistical analysis

- The collected data introduced to the computer using SPSS (Statistical Package for Social

Sciences version 20).

- Statistical methods carried out as follow:

o Reviewing the records and filling out the questionnaires.

o Developing an appropriate data- entry model.
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o Coding the participant data.

o Defining and recording the variables.

o Cleaning the data.

o Descriptive statistics such as frequencies, percentages, means, and SDanalysis.

o Bivariate analysis was used via person’s chi-square to show if there are statistical

significant associations between factors and neonatal hyperbilirubinemia such as socio-
demographic factors and other factors.

o Multivariate analysis was used by binary logistic regression to determine which
pure independent variables affect the probability of an outcome of NNH and results were

presented with beta coefficients, AOR with CI 95% and p- value.
3.13 Ethical and administrative considerations

The researcher committed to all ethical considerations required to conduct a research which

include:

o An official letter of approval to conduct the study obtained from the Helisinki
Committee (Annex 3.7) and School of Public Health at Al-Quds University (Annex 3.8).

o An official letter of request obtained from the general director of MOH (Annex 3.9)
and the director of Primary health centersAdministration(Annex 3.10) to conduct the study
in the governmental hospitals.

o To guarantee participants rights, a covering letter indicating that the participation is
voluntary and the right to refuse was preserved.

o Confidentiality was given and maintained during and after finish the study.

o Every participant in the study was provided by complete explanation about the

research, purpose and benefits of the results on community health.

3.14 Limitations of the study

The obstacles of this study were as the following:
e Absence of computerized information system in MOH hospitals.
e Limited time available to conduct the study.
e Lack of local researches about the study topic.

e Limited scientific resources like books and journals.
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Few numbers of cases and difficulties of accessing matched participants in the
control group.

Frequent electricity cuts affected the ability to accomplish the work in a timely
manner.

Financial costs, self-funded study (Annex 3.10).

Transportation.
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Chapter Four

Results and Discussion
4.1 Introduction

This chapter illustrates the results of statistical analysis of the data, firstly includes
descriptive analysis that presents the participants characteristics and demonstrates the
variations between cases and controls thatthe researcher used descriptive statistics
including frequencies and percentages. Secondary, the different risk factors socio-
demographic, maternal or neonatal that contributed to the development of NNH was
illustrated using advanced statistical procedures such aschi-square test. After that, multiple
logistic regression model was presented to show the most important and independent risk
factors.Finally, these results were discussed in comparison with literature review and
related previous studies.

4.2 Descriptive analysis
4.2.1 Selected socio-demographic characteristic of the study population

The study sample consisted of 180 newborn, divided into two groups; case group consisted
of 90 (50%) neonates who have NNHand control group consisted of 90 (50%)who haven't
NNH.

Table (4.1): Frequencies of study population according to governorate, residence, and

citizenship
Variable Case Control
N % N %
Governorate Gaza 47 52.2 47 52.2
Khanyounis 43 47.8 43 47.8
Total 90 100 90 100
Residence City 31 34.4 55 61.1
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Camp 37 41.2 3 3.3

Village 22 24.4 32 35.6

Total 90 100 90 100

Citizenship Non-refugee 50 55.6 86 95.6
Refugee 40 44.4 4 4.4

Total 90 100 90 100

Table (4.1) showed that approximately fifty two percentage (47 cases and 47 controls)
were from Gaza and 86 (47.8%) (43 cases and 43 controls) were from Khanyounis. The
observed equality between both cases and controls was because of matching. Concerning
the living area, the researcher found that 31 (34.4%) of cases are living in cities, 37
(41.1%) are living in camps and 22 (24.4%) are living in villages compared to 55 (61.1%),
3 (3.3%), and 32 (35.6%) of controls respectively. About fifty (55.6%) from cases were
non-refugee and 40 (44.4%) were refugee compared to 86 (95.6%) and 4 (4.4%) of

controls respectively.

20.0%

15.6%

A. Case

ENIS1800 Less than
®NIS 2300-1800
N1S23000 More than

64.4%

E NIS1800 Less than

B. Control

4.4%

mNIS 2300-1800

N1S23000 More than

Figure (4.1): Percentage distribution of study population according tofamily income

Figure (4.1) showed that the largest percentage of the study sample their income was less
than 1800 NIS; 75 (83.3%) of controls and 58 (64.4%) of cases. Fourteen (15.6%) of cases
and 11 (12.2%) of controls had income from 1800 to 2300 NIS. The smallest group which
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represented eighteen (20.0%) of cases and 4 (4.4%) of controls had income more than 2300
NIS.

4.2.2 Selected parents characteristic of the study population

Table (4.2): Frequencies distribution of study population according to mother age,

father age, mother education, father education, and mother occupation

Cases Control

Variable N % N %
16-25 years 45 50 47 52.3
Mother age 26-35 years 35 | 38.9 31 34.4
36-47 years 10 111 12 13.3

Total 90 100 90 100
19-29 years 43 47.7 39 43.3
30-39 years 32 | 356 35 38.9
Father age 40-61 years 15 | 16.7 16 17.8
Total 90 100 90 100

Below secondary 10 11.1 8 8.9

Secondary 38 42.2 45 50
Mother education University 42 | 46.7 37 411
Total 90 100 90 100
Below secondary 13 14.4 16 17.8
Secondary 34 37.8 38 42.2
Father education University and higher 43 | 47.8 36 40.0
Total 90 100 90 100

Employed 8 8.9 3 3.3
Mother occupation Unemployed 82 | 911 87 96.7
Total 90 100 90 100

According to the table (4.2), half of cases 45 (50%) and 47 (52.2%) controls, their mother's
age ranged between 16-25 years. Also, 35 (38.9%) of mother's cases and 31 (34.4%) of
mother's controls were with age 26-35 years. Only10 (11.1%) of mother's cases and 12
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(13.3%) of mother's controls were from 36-47 years old. Regarding father age, 43 (47.7%)
who their age 19- 29 years were cases and 39 (43.3%) were controls.Also, 35 (38.9%) of
fathers who their age between 30 and 39 years were controls and 32 (35.6 %) were cases.
About fifteen (16.7%) of the fatherswho their age 40 -61 years were cases and 16 (17.8 %)
were controls. The mean age of mothers was 26.74 + 6.188 years while the mean age of
fathers was 31.58 + 5.18 years.

Moreover, the study results indicated that 10 (11.1%) of mothers cases and 8 (8.9%) of
mothers controls were below secondary education. There were 38 (42.2%) of mothers
cases and 45 (50%) of mothers controls were secondary education. University education
accounted for 42 (46.7%) of mothers cases and 37 (41.1%) of mothers controls. At the
same time, the results show that 13 (4.4%) of fathers cases and 16 (17.8%) of fathers
controls were below secondary education. Thirty four (37.8%) of fathers cases and 38
(42.2%) of fathers controls were secondary education. Forty three (47.8%) of fathers cases
and 36 (40.0%) of fathers controls were university education or higher. Regarding
employment, the results shows that the majority of controls and cases were to unemployed
mothers as 87 (96.7%) and 82 (91.1%) respectively. As well as, about 8 (8.9%) of cases

mothers and 3 (3.3%) of control mothers were employed.

Consanguinity between parents

%53
%52
- %51
- %50
- %49
- %48
- %47
- %46
- %45
- %44

60.0%

u consanguineous

= Not consanguineous

Case Control

Figure (4.2): Percentage distribution of study population according to consanguinity

between parents
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According to the figure (4.2), the fifty four (60.0%) of cases were consanguine parents and
36 (40.0%) were not consanguine parents. On the other hand, 58 (64.4%) of controls were

not consanguine parents and 32 (35.6%) of them were consanguine parents.
4.2.3 Selected neonatal characteristic of the study population

Table (4.3): Frequencies of study population according to gender, gestational age, and

neonate order

Variable Cases Control

N % N %
Male 51 56.7 51 56.7
Gender Female 39 43.3 39 43.3
Total 90 100 90 100

35-36 wks. 6 6.7 6 6.7
Gestational age 37-39 wks. 54 60.0 54 60.0
40-41 wks. 30 33.3 30 33.3

Total 90 100 90 100
First 25 27.8 17 18.9
Neonate order Subsequent 65 72.2 73 81.1
Total 90 100 90 100

The table (4.3)showed that gender and gestational age were equal because of matching,
there was no difference between both cases and controls. Fifty one (56.7%)of our sample
was males and 39 (43.3%) were females. Alsothe table demonstrated that the highest
percentage of study population 54 (60.0%) among cases and controls were 37-39 weeks,
followed by gestational group 40-41 weeks which represented 30 (33.3%),and the
gestational age 35-36 weeks was the smallest group which represented 6 (6.7%). The mean

gestational age for the entire sample was 38.74 with SD +1.333.
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Concerning neonate order, the table (4.3) showed that the prominent group was subsequent
born neonates (72.2% of cases and 81.1% of controls). The reminding group; first-born

neonates were (27.8% of cases and 18.9% of controls).

Distribution of study population according birth weight

71.1% %80
46.7% 7060
m Case ° 43.3%
Control
24.4% Rt

e 10.0% %20
4%

%0
More than 2500-3000gm  Less than
3000gram 3000gram

Figure (4.3): Percentage distribution of study population according to birth weight

Regarding birth weight of newborn, the figure (4.3) showedthat the highest percentage of
cases (46.7%) and (43.3%), their weight were more than 3000gram and 2500-3000gram
respectively. Seventy one percentage and (24.4%) of controls, their weight were more than
3000gram and 2500-3000gram respectively.Generally birth weight ranged from 1800 -
4600gram. The mean was 3214.44 with SD +503.271.

In Najib et al. (2013) study, birth weight ranged from 1550 - 4300gram and the mean was
3068 with SD (526) gram. Furthermore, Yahya and Alajeely (2013) study revealed that
birth weight ranged from1750 - 4.800gramand the mean was 2.674, SD = 570.35.

4.2.4 Distribution the characteristic of study cases

Table (4.4): Distribution of admission characteristics for the study cases

Characteristics Range Mean SD

Infant age at jaundice 1 - 14 day 2.89 day 1.974 day
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apparent

Hemoglobin level 7.7- 20.9 g/dL 14.440 g/dL 2.5887 g/DlI

RBCS 2.7-6.1 5.245 10.0224
million/microliter | million/microliter | million/microliter

TSB 7.5- 34.7 mg/dL 17.133 mg/dL 5.6127 mg/dL

Direct bilirubin level 0.3 —8.6 mg/dL 1.086 mg/dL 1.0707 mg/dL

The case sample as shown in table (4.4), hemoglobin level ranged from 7.7 - 20.9 g/dL
with a mean £ SD 14.440 + 2.5887. RBCs count ranged from 2.7- 6.1 million /microliter
with a mean + SD 5.245 + 10.0224.TSB ranged from 7.5 - 34.7 mg/dL with mean +
SD17.133 £5.6127. Direct bilirubin level ranged from 0.3- 8.6 mg/dL with mean = SD
1.086 + 1.0707. First day jaundice was observed in 16 (8.9%) case. Thirty two (17.8%) of
cases started jaundice in the second day and 35(19.4%) from the 3-5 day of life (table 4.4).
Iskander et al. (2012) study showed that onset of the mean age of jaundiced neonates was
observed at 4.1 days of life, the mean age of presentation at the hospital was 9.4 days. In
Olusanya et al. (2009) study, the median age of the jaundiced infants at thetime of visiting
the hospitals was 11 days.

All cases in our study received phototherapy. Exchange transfusion was used in 9 (5%) of
the cases; 2 cases in Naser Medical Complex and 7 cases in Al-Nassir Pediatric Hospital.
Two cases had signs of kernicterus and 2 cases had dysmorphic features (Down

syndrome).

Henny-Harry and Trotman (2012) study showed that the mean + SD age of admission was
1.8 + 2.4 days.Neonatal jaundice was noted on day 1 to 2 in most cases (119;
70%).Concerning total serum bilirubin, Yahya and Alajeely (2013) study showed that it
rangedfrom 5 — 25 md/ dL with mean 13.67 and SD = 4.801.

Causes of NNH among cases
%6.67

%7.78

%15.56

= ABO and Rh incompatibility

® Breast feeding jauindice
Unknown

® Dehydration

= Sepsis




Figure (4.4): Percentage distribution of study cases according to causes of NNH

As shown in figure (4.4), the prominent cause for the development of NNHwas ABO and
Rh incompatibility (41.11%), followed by breastfeeding jaundice (23.33%) and in
(15.56%), the cause was unknown. Dehydration represented (7.78%), while sepsis reached
(6.67%).

There wasa consensus between our results and international studies that the risk of
developing NNHis higher in infants with ABO and Rh incompatibility. Henny-Harry and
Trotman (2012) study founded that ABO incompatibility percentage was (35%) similarly
to Bhat and Kumar (2012) study which showed that ABO incompatibility was observed in
(17.3%). Furthermore, Heydarian and Majdi (2010) study explained that the most common
cause of exchange transfusion was ABO incompatibility (38.1%) and Rh incompatibility
(16.1%). Moreover, Elhissi (2012) stated that physiological jaundice appeared in (28.1%)
of newborns. In addition, Yahya and Alajeely (2013) study showed that ABO
incompatibility was (28%), RH incompatibility: (5%) and breast feeding percentage
reached (88%), (P value = 0.00). Finally, Kulkarni et al.(2014)study showed that
idiopathic cause for jaundicerepresented (35%), Physiological was (30%), while ABO
incompatibility reached (15%) and Rh incompatibility was (6.67%), and (8.33%)was

septicemia.

4.3 Inferential statistics
4.3.1 Bivariate analysis
4.3.1.1 Risk factors of Neonatal Hyperbilirubinemia

4.3.1.1.1 Socio-demographic variables

The researcher supposed that the socio-demographic variables of the participants may play
a role as predisposing risk factors of hyperbilirubinemia among neonates. These variables

include mother age, mother education, mother occupation and family income.

Table (4.5): Association between socio-demographic factors and neonatal
hyperbilirubinemia among case and control group

Variable Cases Control %2 p
N % N % value
16-25 years 45 50 47 | 52.3 0.791
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26-35 years 35 | 389 | 31 | 344
Mother age 36-47 years 10 | 111 | 12 | 133 | 0.468
Total 90 | 100 | 90 | 100
Below secondary | 10 11.1 8 8.9
Secondary 38 42.2 45 50
Mother University 22 | 467 | 37 | ar1 | 129 | 0569
education
Total 90 | 100 | 90 | 100
Employed 8 8.9 3 3.3
Mother Unemployed 82 | 911 | 87 | 96.7 | 2421 | 0.120
occupation Total 90 | 100 | 90 | 100
<1800NIS 58 | 644 | 75 | 83.3
1800-2300 NIS 14 | 156 | 11 | 122
Family income ™=5350N15 18 | 200 | 4 | aa | 11442 | 0003
Total 90 | 100 | 90 | 100

*P value <0.05

Table (4.5) showed that there was no statistically significant effect of mother age on the
risk for NNH(»2 = 0.468, P value = 0.791). These findings were supported by the results of
both Israel-Aina and Omoigberale (2012) and Kavehmanesh et al. (2008) studies which
explained that mother age didn’t differ between the jaundiced and non- jaundiced babies as
(P value = 0.45) and (P value = 0.62) respectively. On the other hand, Henny-Harry and
Trotman (2012) study founded that mother age ranged from 16 to 46 years with a mean of
29.4 + 6.3. The mean age of mothers was 28.0 + 5.18 years that (88%) of mothers age were
between 20 — 35 years old in Olusanya et al. (2009) study. The researcher observed that
absence of significant association could be attributed high rate of early marriage in our
society or type of the study.

The same table showed that there was no significant association between NNHand mother
education(y2 = 1.129, P value = 0.569).Iskander et al. (2012) study agreed with our
findings which explained that (75.4%) of the mothers' cases were literate and (24.6%) were
illiterate. These results inconsistent with Yahya and Alajeely (2013) study which showed a
significant relationship between mother educational level and hyperbilirubinemia with high
proportion not read and write. Absence of significant association could be attributed to that
the Palestinian population highly educated.

Also the results showed that there was no significant association between mother
occupation and NNH(y2 = 2.421, P value = 0.120). Ng and Chong (2014) study revealed
that approximately half of the mothers were housewives (53.0%) while (40.4%) were

working and Iskander et al. (2012) study explained that (42.3%) of cases mothers were
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working and (57.7%) of them non-working. On the other side, Olusanya et al. (2009) study
showed incongruent results that infants of mothers without full-time employment were
significantly less likely to have severe NNHthan those with fully employed mothers. These
incongruences may be due to high rates of unemployment in the Palestinian society which
reached (23%) for those 15 years of age or older in 2012 (MOH, 2014).

With regard to family income, there was a statistically significant association between
family income and NNH (32 = 11.442, P value = 0.003).These results are incongruent with
Olusanya et al. (2015) meta-analysis study which examined the role of social class on
severe hyperbilirubinemia that the results did not show any significant association (Pvalue
= 0.090). Also, Ng and Chong (2014) study verified that the mean family income was not

associated with an increased risk of severe hyperbilirubinemia (Pvalue = 0.682).
4.3.1.1.2 Maternal variables

The researcher supposed that the maternal variables may play a role as predisposing risk
factors for NNHamong newborns. These variables include parity, mother's blood group
and Rh type, pregnancy disorders, PROM, oxytocin use, delivery type and discharged from

postnatal department.

Table (4.6): Association between maternal factors among case and control group

Variable Cases Control 12 p value
N | (%) | N | (%)
12 46 | 511 | 38 | 422
3.4 24 | 267 | 25 | 27.8
Para Morethand | 20 | 222 | 27 | 300 | +8° n402
Total 90 | 100 | 90 | 100
0 52 | 57.8 | 25 | 27.8
A 21 | 233 | 33 | 367
Mother’s blood B 11 | 122 | 24 | 267 | 17248 | 0.001*
group type
AB 6 6.7 8 8.9
Total 90 | 100 | 90 | 100
Positive 75 | 833 | 82 | 9L1
Mother’s Rh Negative 15 | 167 8 8.9 2.443 0.118
type Total 90 | 100 | 90 | 100
< 24hrs 86 | 956 | 83 | 922
PROM >24hrs 4 4.4 7 7.8 0.871 0.351
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Total 90 100 90 100
Yes 24 26.7 27 30.0

Oxytocin use No 66 | 733 | 63 | 700 | 0.246 0.620
Total 90 100 90 100
Vaginal 67 74.5 74 82.3
Caesarean 20 22.2 13 14.4

Delivery type Vacuum 3 33 3 33 1.832 0.400
Total 90 100 90 100
< 6hrs. 56 62.2 63 70.0
Discharge from [ 6 _ 24hrs. 19 | 211 | 17 | 189

maternity ~24 hrs. 15 167 10 111 1.523 0.467
department

Total 90 100 90 100

*P value <0.05

Table (4.6) showed that half of mothers cases 46 (51.1%) were para 1-2, twenty four
(26.7%) of them were para 3-4, and 20 (22.2%) had more than 4children. Our results even
though showed that parity had no statistical significant association withNNH(y2 = 1.825, P
value = 0.402). These results were congruent with Henny-Harry and Trotman (2012) study
which revealed that (54%) of mothers was primiparous, (39%) were para 1-2, and (7%)
were para 3-6. Similarly, Iskander et al. (2012) study showed that (67.7%) of patients
mother were primipara and (32.3%) were multipara. Also, Olusanya et al. (2015) study,
which cleared that primiparity with (OR, 1.59, 95% CI: 1.26 - 2.00).

On the other hand, Ng and Chong (2014) study revealed a large proportion of the mothers
were multiparous with (61.6%) having 2 to 5 children and (8.1%) having more than 5

children. This inconsistency may be referred to the study type or the sample size.

According to the results in table (4.6), P value reached the high statistical significant
difference between mother's blood groupsamong the study groups of cases and controls
and NNH (x2 = 17.248, P value =0.001).But, there was no statistical significant association
between mother's Rh type and NNH (y2 = 2.443, P value = 0.118).These results show that
the prominent mother's blood group among cases was O (57.8%). The percentages of
mothers with blood group A were (36.7%, 23.3%) and B were (26.7%, 12.2%) for both

controls and cases.
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These results agreed with Henny-Harry and Trotman (2012) study which founded that the
highest percentageof mothers had blood group O (66%) and 20 (12%) had Rh negative
mothers. Furthermore, Najib et al. study (2013) showed that the percentage of infants born
to mothers with type O blood was (66.7 %).

On the other hand, in Kavehmanesh et al. (2008) study, the results showed that there were
no significant effect of maternal blood groups ; O (reference group), A, B, and AB on
jaundice as [(OR: 1.14, 95% CI: 0.53 -2.45), (OR: 1.06, 95% CI: 0.67-1.66), and (OR:
1.17, 95% CI:0.69 - 1.98)] respectively, but Rh-negative mothers had more jaundiced
infants (17.9%) compared with Rh-positive mothers (12%) (P value = 0.01).This
inconsistency may be referred to the study type and the sample size or that our study is
case control that compared commonly with cross sectional studies.

Table (4.6) also indicated that the duration of membranes rupture had no statistical
significant association with NNHamong the both groups of cases and controls (y2 = 0.871,
P value = 0.351).Like our findings, Kavehmanesh et al. (2008) study revealed that
premature rupture of membrane was in (11.4%)of the cases which not reached to the
statistically significant level; (P value = 0.7), but Mesic et al. (2014) study confirmed an
association between the onset of jaundice in newborns and their mothers with premature

rupture of membrane; (P value < 0.05).

In additionally, table (4.6) showed no statistical significant association between oxytocin
use and NNH (x2 = 0.246, P value = 0.620). Our study finding in relation to oxytocin use
was congruent to Kavehmanesh et al. (2008) study which revealed that oxytocin used in
(34.5%) of the cases which not reached to the statistically significant level; (P value =0.4).
On the other hand, Buchan (1979) illustrated that infant born after oxytocin-induced labor
had an increased plasma bilirubin concentration (P value < 0.001) than others. Also,
Chalmers et al. (1975) study revealed that infants born after oxytocin administration
became jaundiced with significant higher risk (P value < 0.000001) than others.

Moreover, table (4.6) showed that association between neonatal hyperbilirubinemia and
delivery type (y2 = 1.832, P value = 0.400), so we accepted the null hypothesis and
rejected an alternative hypothesis (There was no difference between the delivery vaginally
or by c/s and the risk to deliver baby had risk to NNH).
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This result agreed with Wood et al. (1979) study which mentioned that no effect of type of
delivery on NNH. Moreover, Bertini et al. (2001) study showed no statistically significant
correlation between jaundice and delivery by neither vaginal delivery (P value= 0 .67) nor

cesarean section (P value= 0 .79).

On the other hand, our result disagreed with Dubal and a Joshi (2012) study which showed
that a positive, statistically significant correlation between high TSB and delivery by
vacuum extractor (Pvalue = 0.001). Additionally, Mesic et al. (2014) study revealed that
jaundice is more common in newborns that were born by stimulating or inducing labor
than in those born spontaneously (Pvalue< 0.05). Moreover, Friedman et al. (1978) study
showed that neonates with jaundice delivered by ventouse extraction reached to
statistically significant level (P value< 0.001). This inconsistency in these results may be
due to small sample size and/or the type of this study as most of previous studies were

cross-sectional ones in comparison to this case-control study.

The above table (4.6) additionally showed that the time of discharge from postnatal
department had no effect on the occurrence risk of NNH (x2 = 1.523, P value = 0.467). The
findings related to length of stay in postnatal department congruent to Maisels and Kring
(1998)study which showed that infants whose length of stay was < 48 hours were at no
greater risk for readmission for jaundice or other causes than those whose length of stay
was > 48 hours to < 72 hours; [length of stay < 48 hours (OR, 2.40; CI: 1.09 - 5.30) and 48
to < 72 hours (OR: 3.15, CL: 1.40 - 7.09) versus > 72 hours], but discharge at any time <
72 hours significantly increases the risk for readmission to hospital and the risk for

readmission with hyperbilirubinemia when compared with discharge after 72 hours.

On the other hand, Escobar et al. (2005)studyshowed that newborns, whose stay was less
than 72 hours, were at a significantly greater risk for readmission than those who had
longer stays. Furthermore, Kavehmanesh et al. (2008) study mentioned that mean (SD)
length of primary nursery stay was 30.2 (23.9) hours. Mean neonatal stay in jaundiced
babies was 30.6 (2.5) hours, but in non-jaundiced babies was 27.7 (9.8) hours, that is
significantly longer in non-jaundiced infants (P value < 0.001). This inconsistency may be
because of exaggerated rates of delivers in our society in relation to the shortage in bed
numbers so, almost all infants delivered by vaginal method leave the hospital before6
hours of birth.
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Table (4.7): Association between pregnancy disorders as maternal factors among

case and control group

Variable Cases Control
N (%) N (%) %2 p value
Yes 66 73.3 79 78.8
Pregnancy
disorders No 24 26.7 11 12.2 5.994 0.014*
Total 90 100 90 100
Yes 2 2.2 5 5.6
Gestational
diabetes No 88 918 8 94.4 1.338 0.247
Total 90 100 90 100
Yes 8 8.9 13 14.4
Pregnancy
induced No 82 91.1 77 85.6 1.348 0.246
hypertension Total 90 100 90 100
Yes 41 45.6 50 55.6
Urinary tract
infection No 49 | 544 | 40 | 444 | 1800 | 0180
Total 90 100 90 100
Yes 35 389| 35 38.9
Vaginal 1.000
infection No 55 61.1 55 61.1 0.000
Total 90 100 90 100
Yes 36 40 57 63.3
Anemia No 54 | 600 | 33 | 367 | 9811 | goppr
Total 90 100 90 100
Yes 10 11.1 7 7.8
Perinatal
hemorrhage No 80 88.9 83 92.2 0.585 0.445
Total 90 100 90 100

*P value <0.05

Table (4.7) cleared that pregnancy disorders showed statistically significant association
with NNH (2 = 5.994, P value = 0.014). Most study population their mothers had
pregnancy disorders, which represent (73.3%) of cases and (78.8%) of controls.Of these
disorders; gestational diabetes, pregnancy induced hypertension, urinary tract infection,
vaginal infection, and perinatal hemorrhage indicated no statistical significant association
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with NNH among both cases and controls group as [(x2 = 1.338, P value = 0.247)], [(x2 =
1.348, P value =0.246)], [(x2 = 1.800, P value =0.180)], [(x2 = 0.000, P value =1.000)],
[(x2 = 0.585, P value =0.445)] respectively. Only anemia as pregnancy disorder showed
statistical significant association with NNH (¥2 = 9.811, P value = 0.002).

These results were consistent with Al-Khalifah et al. (2012) study which showed that
newborns of gestational diabetic mothers wasn’t significantly different in comparison with
normal mothers [(OR= 1.02, 95% CI: 0.95-1.10); p value = 0, 55]. Also Bertini et al.
(2001) study showed that there is no statistically significant except correlation between
jaundice onset and maternal diabetes (6.6%); (P value= 0 .59). In addition, Mesic et al.
(2014) study showed that (8 out of 34) jaundiced newborn, their mothers reported no
statistically significant association between diabetes mellitus or gestational diabetes and
NNH(P value>0.05), additionally, there was no statistically association between jaundice
and preeclampsia, (P value >0.05). Moreover, Bertini et al. (2001) study explained that
there was no statistically significant correlation between jaundice onset and maternal
hypertension (5.4%), (P value = 0.75).

Some studies wereinconsistent with our findings as in Al-Hakeem study (2006)which
revealed that the gestational diabetic mothers of neonates with hyperbilirubinemiawere
(41.2%) compared to (6.4%) for neonates of non-diabetic mother. Moreover, Mesic et al.
(2014) study explained a statistically significantdifference between jaundice onset and
maternal infection during pregnancy (P value < 0.05). Also, Titi and El Sharif(2013) study
mentioned that infants born to mothers with gestational hypertension or gestational
diabetes: (34%); (Pvalue = 0.002).This inconsistency in these results may be due to small
sample size and/or the type of previous studies was cross-sectional ones in comparison to

this case-control study.

4.3.1.1.3 Neonatal variables

The researcher supposed that the neonatal variable of the participants may play a role as
predisposing risk factors of hyperbilirubinemia in neonates. These variables include;
neonate order, birth weight, cephalhematoma and bruising, history of previous sibling with

jaundice, and feeding practices.
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Table (4.8): Association between neonatal factors and hyperbilirubinemia among

study population

Cases Control %2 P

Variable N | % N | % Value
First 25 | 278 | 17 | 18.9

Neonate order Subsequent | 65 | 72.2 | 73 | 81.1 1.988 0.159
Total 90 | 100 | 90 | 100
<2500g 9 (100 | 4 4.4

Birth weight | 2500-3000 | 39 | 43.3 | 22 | 24.4 11.227 0.004*
>30009 | 42 | 46.7 | 64 | 71.1
Total 90 | 100 | 90 | 100
Yes 1 11 1 11

Cephalhematoma No 89 | 98.9 | 89 | 98.9 0.000 1.000
Total 90 | 100 | 90 | 100
Yes 0 0.0 2 2.2

Bruising No 90 | 100 | 88 | 97.8 2.022 0.155
Total 90 | 100 | 90 | 100
Yes 30 | 33.3 | 26 | 28.9

Previous sibling No 60 | 66.7 | 64 | 71.1 0.415 0.520
with jaundice Total 90 | 100 | 90 | 100

*P value <0.05

The above table showed that there was a statistically significant association between birth
weight and NNH (x2 = 11.227, P value = 0.004). The highest percentage of babies with
birth weight more than 3000gm were (71.1%) for control in comparison with (46.7%) for
cases.Our results consistent with Olusanya et al. (2015) study, in which
underweight/weight loss was statistically associated with NNH(OR, 6.26; 95% CI: 1.23-
31.86). Moreover, Friedman et al., (1978) study reported that there was significantly
association between neonatal jaundice and birth weight (P <0.001).On the other hand,
Kavehmanesh et al.(2008) study revealed that mean (SD) neonatal birth weight was 3301.1
(395) grams in jaundiced babies and 3303.5 (385.9) in non- jaundiced babies] that there

was no statistically significant association between groups (P value = 0.41).
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Add to that, table (4.8) showed that there was no significant association between neonate
order and NNHamong the both groups of cases and controls (y2 = 1.988, P value = 0.159).
These finding were congruent with Mesic et al. (2014) study which showed that jaundice
was most common in first-born infants; (98 out of 341) jaundiced neonate were first-born
infants, but the association not reached to statistically significant level (P value > 0.05). On
the other side, Dubal and Joshi (2012) study revealed that birth order was found to be
associated (P value < 0.05) with level of TSB in neonatal jaundice. This inconsistency may
be referred that most of previous studies were cross-sectional ones in comparison to this

case-control study.

In addition, table (4.8) showed that there was no significant association between
cephalhematoma or bruising and NNH as [(¥2 = 0.000, P value = 1.000)] and[( %2 = 2.022,
P value = 0.155)] respectively. These results agreed with Hung (2004) who showed that
cephalhematoma and bruising weren't statistically significant risk factor identified with the
univariate logistic regression models [(AOR: 7.39, 95% CI: 0.84-64.66; P value = 0.071)].
On the other hand, Bertini et al. (2001) study demonstrated statistically significant positive
correlation was found between hyperbilirubinemia and cephalohematoma; (P value
<0.001). Add to that, Kuzniewicz et al. (2008) study explained that bruising doubled the
risk of severe hyperbilirubinemia (AOR = 2.36; 95%CI = 1.17 - 4.77). This inconsistency
in these results may be due to small sample size and/or the type of this study and the
compared studies. Also may be this due to rare occurrence of cephalohematoma or bruising

in neonates.

The above table also indicated that newborn who had a history of previous sibling with
jaundiceshowed no statistically significant association with NNH (32 = 0.415, P value =
0.520). Our results were inconsistent with the literature review as in Kuzniewicz et al.
(2008) study which revealed that a family history of jaundice appeared to increase the risk
of severe hyperbilirubinemia by almost 4 fold (AOR = 3.83; 95% CI = 0.93 - 15.7). This
inconsistency in these results may be due to characteristic of our sample and its identity

that other factors may be theprominent risk for NNH.
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Table (4.9): Association between neonate feeding practices and neonatal
hyperbilirubinemia among study population

Cases Control
Variable %2 P
N % N % value

Exclusive 67 | 744 | 30 | 33.3

Bottle 6 6.7 1 1.1

Feeding method 40.895 0.000*
Mixed 17 | 189 | 59 | 65.6
Total 90 | 100 | 90 | 100

First hour 29 | 32.2 | 62 | 68.9

2-4 hours 47 | 52.2 | 24 | 26.7

Feeding 24.973 0.000*
initiation time More than 14 | 15.6 4 4.4
4hours
Total 90 | 100 | 90 | 100
Yes 49 | 544 | 16 | 17.8
Feeding
difficulty No 41 | 456 | 74 | 82.2 26.223 0.000*
Total 90 | 100 | 90 | 100

On demand 26 | 289 | 66 | 73.4

Every 2-3hrs. | 36 | 40.0 | 22 | 244 43.304 0.000*
Feeding
frequency More 28 | 311 | 2 2.2
than3hrs.

Total 90 | 100 | 90 | 100
0-1 12 | 133 | 3 3.3
2-4 72 | 80.0 | 74 | 823

Number of wet 8.006 0.018*
diapers/ 24 hours 5-7 6 6.7 | 13 | 144
Total 90 | 100 | 90 | 100

*P value <0.05
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Table (4.9) showed an association between feeding practices in neonates and NNH.
According to the results, there was highly statistically significant association between
feeding method had statistically significant association with NNH as (x2 = 40.895, P value
= 0.000). Approximately seventy five of cases and (33.3%) of controls had exclusive
feeding compared with (65.6%) of controls and (18.9%) of cases had mixed feeding.
Feeding initiation timealso in table (4.9) showed that feeding initiation time had
statistically significant association with NNH(y2 = 24.973, P value = 0.000).The highest
percentage (68.9%) of controls initiated their feeding immediately after delivery within the

firsthour compared with (32.2%) of controls.

According table (4.9), the percentage of cases and controls who had feeding difficulty were
(54.4%) and (17.8%) respectively that this reached tostatistically significant association
with NNH occurrence as (x2 = 26.223, P value = 0.000).Regarding feeding frequency, the
same table explained that (73.4%) of controls and (28.9%) of cases had feeding on demand
which reached a statistically significant level(y2 = 43.304, P value = 0.000). Finally, the
results of (4.9) table showed statistically significant association between jaundice and
number of wet diapers/ 24 hours (32 = 8.006, P value = 0.018).

The previous study findings mostly agreed with our findings. Heydarian and Majdi (2010)
study explained that the majority of jaundiced neonates fed breast milk exclusively
(57.6%), (26.3%) fed breast milk and formula,(11%) took formula alone, (P value =
0.000). Moreover, Saigal et al. (1982) study showed that mean TSB were significantly
higher in the breast-fed infants than formula-fed infants on each postnatal day (P value <
0.001). Also, Najib et al. (2013) study revealed that the time of first feeding of jaundiced
cases was 3.99 (9.99) hours after birth (Min: 0.5 hour, Max: 72 hours). Thirty three
neonates (18.8%) had poor feeding irritability and letharginess on admission when started
4.65(6.58) hours after birth (Min: 1hr, Max: 24 hours).

On the other side, Bertini et al. (2001) study demonstrated a statistically significant
positive correlation between patients with a TSB>12.9mg/dL and supplementary feeding
[refers to infants who were breastfed and received additional formula supplements.]
(13.1%), (P value <0.001) with mean 478 (22%); oppositely, breastfeeding showed
negative correlation between patients with a total serum bilirubin concentration >12.9
mg/dL (221 mmol/L) (2.7%), (P value <0.001) with mean 1595 (73.4%).
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4.3.2 Multivariate analysis

Multiple logistic regression analysis was employed to predict the probability that a neonate

less than 28 days would suffer from hyperbilirubinemia. Bivariate analysis applied to all

participants and which have statistical significance association with hyperbilirubinemia

were selected as predictors. They were: family income, mother's blood group type,

pregnancy disorders, maternal anemia, birth weight, feeding method, feeding initiation

time, feeding difficulty, feeding frequency, and number of wet diapers / 24 hours.

Table (4.10): Final model of risk factors for neonatal hyperbilirubinemia in Gaza

Strip
. B Adjusted OR
Variables Coefficient 950 cry | Pvalue
less than 1800 3.150 23.345 0.011*
NIS (2.083-261.688)
Family income | 1800 — 2300 NIS 2.580 13.192 0.062
(0.881-197.565)
More than 2300
NIS®
o) 0.889
-0.118 (0.061-12.966) | 931
Mother's blood A 0.775 © 12221;? 634) 0.598
group type B 0.443 0.557
-0.813 (0.029-6.681)
AB®
1.
Pregnancy Yes 0.647 © 317?10f 506) 0.480
disorders Q) : :
No
Maternal Yes 1.683 (1 o agg) | 0045*
anemia ® : :
No
<25009 -2.254- 0.105 0.076
Birth weight (0.009-1.266)
2500-3000g -2.144- 0.117 0.004*
(0.028-0.498
>3000g°
Exclusive -4.089- 0.017 0.000*
Feeding method (0.003-0.093)
Bottle -5.182- 0.006 0.002*

(0.000-0.141)
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Mixed®

First hour®

Feeding 2-4 hrs -1.216- 0.296 0 .066
initiation time (0.081-1.085)
More than 4hrs -3.088- 0.046 0.018*
(0.004-0.586)
. 0.079 N
dﬁ?ﬁg:ﬂ? Yes -2.543- (0.019-0.328) 0.000
y No®
On demand®
Feeding Every 2-3hrs. -2.223- 0.108 0.002*
frequency (0.026-0.448)
More than 3 hours -5.842- 0.003 0.000*
(0.000-0.045)
0-1 -2.383- 0.092 0.204
Number of wet 52 (0.002-3.646)
diapers / 24 hrs. -1.838- 0.159 0.125
(0.015-1.667)
5-7°

The dependent variable is neonatal hyperbilirubinemia N= 180. This model is correctly specified and didn’t
have omitted relevant variables. Multiple Logistic Regression, ®Reference group, *P value <0.05

Table (4.10) showed the final model of risk factors for NNHafter adjusting the odd ratio.
The results showed that the newborns who had families with more than 2300 NIS have
increased odds of having NNH 13.192 times than families who had 1800 — 2300 NIS
which was marginal significant and the newborns who had families with more than 2300
NIS have increased odds of having NNH 23.345 times than families who had less than
1800 NIS which was statistically significant.

The probability of NNH occurrence among neonates their mothers hadn't anemia was
5.383times than neonates their mothers had anemia which reached the statistically
significant level. This mean that infants who their mothers hadn't pregnancy disorders had

higher risk for NNH development.

The newborns with birth weight less than 25000gram have decreased the odds (0.105) of
having NNH than newborns with birth weight more than 3000gram that was marginal
significant and newborns with birth weight 2500-3000gram have decreased the odds
(0.117) of having NNH than newborns with birth weight more than 3000gram that
reached the statistically significant level. This means that the probability of NNH

development was higher in neonates less than 3000gram.
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Neonates who had exclusive and bottle feeding methods have decreased odds of having
NNH by 0.017and 0.006 times respectively than neonates who had mixed feeding. Also,
newborns who had feeding difficulty have decreased odds of having NNH by 0.079 times
than newborns who didn't. This mean positive association between feeding difficulty and

increase risk for NNH.

The probability of NNHdevelopment was significantly lower among neonates who had
their feeding on demand. The odds of NNH occurrence was lower among neonates who
had their feeding on demand compared to neonates who fed every 2-3 hours
(ORO0.108).This means that infants who fed on demand had lower risk (negative

association) for development NNH.

The probability of NNHdevelopment was significantly lower among neonates who
initiated their feeding immediately within 1 hour of delivery. The odds of NNH occurrence
was 0.046.In other meaning, there was negative (protective) association between early

feeding initiation and the risk of NNH occurrence.

On the other hand, mother's blood group type, pregnancy disorders and number of wet
diapers/24 hours weren’t significant predictors of development NNH development as
shown in table (4.10).

Our results were consistent with others international literature. In Scrafford et al. (2013)
study showed that the exclusive breastfeeding and difficulty feeding significantly
associated with jaundice. A significant interaction between exclusive breastfeeding and
difficulty feeding was observed (P value for interaction= 0.006) among infants with
difficulty feeding, exclusive breastfeeding showed an increased risk of jaundice [RR = 1.28
(95% CI: 0.89-1.84)]. However, among infants with no report of difficulty feeding,
exclusive breastfeeding was protective [RR = 0.72 (95% CI: 0.58- 0.88)].

Also, Hung (2004) study showed that breast feeding was statistically significant risk factor
related to NNH identified with the univariate logistic regression models [AOR:4.60. 95%
Cl:2.40 - 8.81; (P < 0.001)] and similarly, multivariate logistic regression models adjusted
for the breast feeding confirmed the statistical significance of these factors [AOR:4.64.
95% CI: 2.25-9.57; (P < 0.001)]. Additionally, Kuzniewicz et al. (2008) study
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demonstrated in their multivariate model that infants who exclusively breast-fed after their
qualifying TSB had an AOR of 2.03 (95% CI = 1.03 to 3.99),
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Chapter Five

Conclusion and Recommendations

5.1 Conclusion

This study aimed to identify the main risk factors which are associated to
hyperbilirubinemia among hospitalized neonates in Gaza governorates. A case-control
study was undertaken to hospitalized newborns in Naser Medical Complex and Al- Nassir
pediatric hospital and neonates attending Martyrs Khanyounis clinic and Martyrs Al-Remal
clinic. The target population consisted of two groups, the first group were cases (all
hospitalized newborns aged 28 days or less who were staying in NICU in the previously
mentioned hospitals during the study period and having NNH as confirmed by doctor), the
second group were controls whoall newborns aged from 29 to 49 days and don’t have NNH
or history of other diseases as confirmed by specialized doctor that presenting in a regular
check-up post natal care of the selected two primary health canters. A convenience sample
was consisted of 180 newborn (90 cases and 90 controls) matched with gender, gestational
age, and geographical area. A validated questionnaire was distributed to all 180 neonates

during July and September 2015.

The study population consisted of 180 newborn, 90 (50%) were cases and 90 (50%) were
controls. Ninety four (52.5%) (47 cases and 47 controls) were from Gaza and 86 (47.8%)
(43 cases and 43 controls) were from Khanyounis. Fifty one (56.7%) from males were
cases and the same were controls, thirty nine (43.3%) from females were cases and the

same were controls.

Among socio-demographic factors; bivariate test was used by person’s chi-square, the
results showed that there was a significant association between hyperbilirubinemia and
family income (y2 = 11.442, P value = 0.003).Other factors were statistically insignificant
risk factors for developing hyperbilirubinemia including mother age, mother education and
mother occupation as (¥2 = 0.468, P value = 0.791), (2 = 1.129, P value = 0.569), and (}2
= 2.421, P value = 0.120) respectively.

The results of bivariate test using person’s chi-squarerevealed that there was a significant
association between maternal factors and NNH such as mother's blood group type as (x2 =
17.248, P value = 0.001).Among overall pregnancy disorders; the results showed that it
had a statistically significant association with hyperbilirubinemia (¥2 = 5.994, P value =
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0.014). Of these disorders, anemia revealed statistically significant association (y2 = 9.811,
P value = 0.002). Other factors were statistically insignificant risk factors for developing
hyperbilirubinemia including: gestational diabetes, pregnancy induced hypertension,
urinary tract infection, vaginal infection, and perinatal hemorrhage as [(y2 = 1.338, P value
= 0.247)], [(x2 = 1.348, P value =0.246)], [(x2 = 1.800, P value =0.180)], [(x2 = 0.000, P
value =1.000)], [(x2 = 0.585, P value =0.445)] respectively. The remindingmaternal factors
were statistically insignificant risk factors for developing hyperbilirubinemia which
include parity, Rh type,PROM, oxytocin use, delivery type, and discharge from postnatal
department as (32 = 1.825, P value = 0.402), (y2 = 2.443, P value = 0.118), (y2 = 0.871, P
value = 0.351), (32 = 0.246, P value = 0.620), (2 = 1.832, P value = 0.400), and (}2 =
1.523, P value = 0.467)respectively.

Among neonatal factors; the results of bivariate test by person’s chi-squarerevealed that
there was statistically significant association between birth weight and (2 = 11.227, P
value = 0.004). Other factors were statistically insignificant risk factors for developing
hyperbilirubinemia including neonate order (2 = 1.988, P value = 0.159),
cephalhematoma and bruising [(x2 = 0.000, P value = 1.000)] and [( x2 = 2.022, P value =
0.155)] respectively, and previous sibling with jaundice (32 = 0.415, P value = 0.520).

Also, feeding practices as neonatal factors were explained by bivariate test, a significant
association with NNHand as: feeding method (y2 = 40.895, P value = 0.000), feeding
initiation time (}2 = 24.973, P value = 0.000), feeding difficulty (y2 = 26.223, P value =
0.000), feeding frequency (y2 = 43.304, P value = 0.000), and number of wet diapers/ 24
hours (x2 = 8.006, P value = 0.018).

Multivariate analysis of risk factors for hyperbilirubinemia among neonates aged less
than 28 years was done using multiple regression to show the important and independent
factors. Results showed that there was a significant association between development of
NNH and family incomegroups; > 2300 NIS (reference group) and < 1800NIS [(AOR:
23.345, 95% CI: 2.083-261.688); P value = 0.011], maternal anemia [(AOR: 5.383, 95%
Cl: 1.035-27.998); P value = 0.045], birth weight groups; > 3000gram (reference group)
and 2500 - 3000gram [(AOR:0.117, 95% CI:0.028-0.498); P value =0.004]. All feeding
practices showed statistically significant association with NNH occurrence except number
of wet diapers / 24 hours as following: feeding method groups; exclusive [(AOR: 0.017,
95% CI: 0.003-0.093); P value = 0.000], bottle [(AOR: 0.006, 95% CI: 0.000-0.141); P
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value = 0.002], and mixed (reference group), feeding initiation timegroups 1% hour
(reference group)and more than 4 hours [(AOR: 0.046, 95% CI:0.004-0.586); P value =
0.018], feeding difficultygrouped as yes [(AOR: 0.079, 95% CI:0.019-0.328); P value =
0.000], and no(reference group) , lastly feeding frequencywhich grouped to: on demand
(reference group), every 2-3 hours[(AOR: 0.108, 95% C1:0.026-0.448); P value = 0.002],
and more than 3 hours [(AOR: 0.003, 95% C1:0.000-0.045); P value = 0.000].

5.2 Recommendations
In the light of the study results, the researcher suggests the following recommendations:

1. Enforce using evidence base risk assessment chart (Nomogram) for all delivered
neonates before discharge which is effective method in stratification babies and
predicting highly risk newborns thereforeapplying effective and appropriate prevention
measures and follow up.

2. Routinely monitoring TcB for all delivered neonates before discharge to identify
infants at risk for NNH.

3. A automatically cord blood drown for all newborns born to mothers with the blood
type O or Rh negative to measure blood group, Rh type, Coombs test, and cord
bilirubin level.

4. Evaluate all breastfeeding mothers by a lactation consultant during their delivery
hospitalization and give needed health education.

5. Conduct a special continuous health education programs and give information for
mothers and/or care takers upon discharge to increase their awareness about the risks of
hyperbilirubinemia.

6. Encourage effective feeding practices and adopting programs to enhance babies

feeding practices among mothers.

7. Paying special attention to pregnant women about the importance of nutritional diet,
closing monitoring to alleviates risk delivery of low birth weight baby.

5.3 Suggestions for further studies

- To conduct cost effectiveness studies on ongoing screening for all delivered neonates

in relation to decrease the readmission and morbidity rates.

76



- To carry out a study regarding adherence to effective feeding practices and their

impact on NNH development.

- To study in depth the relationship between mother blood group and Rh type and risk
for NNH.

- Further studies emphasize on additional risk factors and causes not explored yet such
as G6PD, congenital hypothyroidism, and Infant Error Of Metabolism.
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Annex (1.1): Map of Palestine

PCBS, 2014
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Annex (2.1): Kramer’s Rule

Zone 1 2 3 4 5
Definition | Head | Upper | Lower | Arms | Palms
and | trunk | trunk and and
neck and | lower | soles
thighs legs
TSB 100 150 200 250 | >250
(micromol/L)

(Queensland Maternity and Neonatal Clinical Guidelines Program, 2009)
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Annex (2.2): Nomogram for designation of risk in newborns
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Nomogram for designation of risk in well newborns at 36 or more weeks’ gestational age
with birth weight of 2000 g or more or 35 or more weeks’ gestational age and birth weight
of 2500 g or more based on the hour-specific serum bilirubin values. The serum bilirubin
level was obtained before discharge, and the zone in which the value fell predicted the
likelihood of a subsequent bilirubin level exceeding the 95th percentile (high-risk zone).

(AAP, 2004a)
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Annex (2.3): Guidelines for phototherapy in hospitalized infants of 35 or more weeks’

gestation
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0 | | | | | | | | | | | | 0
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« Use total bilirubin. Do not subtract direct reacting or conjugated bilirubin.

» Risk factors = isoimmune hemolytic disease, GBPD deficiency, asphyxia, significant lethargy, temperature instability,
sepsig, acidosis, or albumin < 3.0g/dL (if measured)

« For well infants 35-37 6/7 wk can adjust TSB levels for intervention around the medium risk line. It is an option to
intervene at lower TSB levels for infants closer to 35 wks and at higher TSB levels for those closer to 37 6/7 wk.

= |t is an option to provide conventional phototherapy in hospital or at home at TSB levels 2-3 mg/dL (35-50mmoliL)
below those shown but home phototherapy should not be used in any infant with risk factors.

(AAP, 2004a)
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Annex (2.4): Guidelines for exchange transfusion in infants 35 or more weeks’

gestation
YT T T T T T T T 58
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* The dashed lines for the first 24 hours indicate uncertainty due to a wide range of clinical circumstances
and a range of responses to phototherapy.

+ Immediate exchange transfusion is recommended if infant shows signs of acute bilirubin encephalopathy
(hypertonia, arching, retrocollis, opisthotonos, fever, high pitched cry) or if TSB is 25 mg/dL (85 umol/L)
above these lines.

* Risk factors - isoimmune hemolytic disease, G6PD deficiency, asphyxia, significant lethargy, temperature
instability, sepsis, acidosis.

*» Measure serum albumin and calculate B/A ratio (See legend)

* Use total bilirubin. Do not subtract direct reacting or conjugated bilirubin

* |f infant is well and 35-37 6/7 wk {median risk) can individualize TSB levels for exchange based on actual
gestational age.

(AAP, 2004a)

93

pmol/L



Annex (3.1): Sample size calculation

File Edit Log Help

Survival [ t—test[ Regression 1 [ Regression 2 Dichotomous | Mantel-Haenszel [ Log

Studies that are analyzed by chi-sguare or Fisher's exact test

Output

What do vou want to know? ISampIe size LI

Case sample size for uncorrected
chi-sguared test

Design
Matched or Independent? ||ndependent

Case control? IEase-CDntroI

How is the atternative hypothesis expressed? ||3.;|.;|$ ratio

Uncerrected chi-sguare or Fisher's exact test? ILlncn:nnected chi-square test

Input

of®  p pE
- 0

power |08

m |1— Wy [4E0

Description

We are planning a study of independent cases and controls with 1 control{s) per case. -~
Prior data indicate that the probability of exposure among controls 1z 0.03. If the true
odds ratio for disease in exposed subjects relative to unexposed subjects is 4.6, we will
need to study 79 case patients and 79 control patients to be able to reject the null
hypothesis that this odds ratio equals 1 with probability (power) 0.8, The Type [ error
probability associated with this test of this null hypothesis is 0,03, We will use an
uncorrected chi-squared statistic to evaluate this null hypothesis.

Cow ° Log
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Annex (3.2): Study activities time table

Activity Duration
Proposal writing 1 month
Proposal defense and 1 month
approval
Expert committee 1 month
check for validity of
instruments
Pilot Study 2 weeks
Modifications 2 weeks
Data Collection 3 months
Data Entry 3 months
Data Analysis 2 months
Research writing 2 months
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Annex (3.3): Interviews questionnaire( English copy)

Cover Letter

Risk Factors of Hyperbilirubinemia among Admitted Neonates in Gaza

Governorates: Case Control Study

Our participant:

This study is carried out by the researcher as a part of the requirements for master degree
of public health at Al-Quds University, School of Public Health-Palestine. The study is
self-funded.

Kindly, I would like to inform you that your child has been selected to be part of my study
research " Risk Factors of Hyperbilirubinemia among Admitted Neonates in Gaza
Governorates: Case Control Study™. You are selected because you have met the
selection criteria for participation and your facility has been thoroughly selected as a

source of data by filling a well and comprehensive questionnaire.

The purpose of this study is to investigate the main risk factors that contribute to neonatal

hyperbilirubinemia among admitted neonates in Gaza Governorates.

The researcher thankfully appreciates your effective participation in this study through
answering the interviewer's questions that don’t take more than 15 minutes. The
researcher would like to emphasize that all the data given from your side is top confidential
and only for the purpose of scientific research. Accordingly, we will not need to mention
names. Although | welcome your participation, participation is optional and no information

given would be used against you whatsoever.

Thanking you in advance for your cooperation
Researcher
Safaa Abu Mostafa

Mobile: 0592430253
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Interviews Questionnaire

Serial Number: File Number:

Date of interview: ...... /.....2015 Date of admission: ...... /......2015
Place of admission:[] Nasser medical complex 1 Al- Nasser pediatric hospital
Participant:1 Case 1 Control

1. Socio-demographic Information

1.1 AdAress:....ccooviiiiieieiieeeenn 1.2 Telephone/mobile:.......................
1.3 Date of birth: ..../...... 12015 1.4 Father's status:[] Alive [J Ill [ Dead
1.5 Mother age:[_lyears 1.6 Father age:[ 1 lyears

1.7 Mother's educational level: [ Illiterate 71 Primary " Preparatory

1 Secondary 1 University [ Higher than University

1.8 Father's educational level: Illiterate O Primary [ Secondary
“1University 1 Higher than University

1.9 Mother's work: "1 Employed 1 Unemployed

1.10 If employed, what is the type of Work? ...,

1.11 Is there relation between parents?’] Yes 1 No

1.12 If (Yes), what the degree of relation?’] First degree [ Second degree

1.13 Governorate:[1Gaza [1Khanyounis 1.14 Citizenship:[Refugeel INon-refugee

1.15 Residence:[ICity [1 Camp Village 1.16 Monthly income: 0000 NIS

2. Maternal Factors

2.1 Medical history:

2.1.1 What is mother'sblood group? 01 A OB 1O [ AB

2.1.2 What is mother's Rh type?[] Positive 1 Negative

2.1.3 Did you have history of any type of hepatitis?] Yes ] No
2.1.4 If (Yes), which the type? .......................

2.2 Past obstetric history

2.2.1 Is this your first pregnancy?] Yes 1 No

2.2.2 If (No), answer the following: ...... Gravidity — ...... Para

2.3 Present obstetric history
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2.3.1 Did you have any disorder associated with the last pregnancy?’ Yes [ No

2.3.2 If (Yes), circle the appropriate:

1 Gestational diabetes 1 Pregnancy Induced Hypertension
1 Urinary tract infection 1 Vaginal infection
1 Perinatal hemorrhage 1 Anemia

] Others, specify...........c.coovennn..

2.3.3 For how long did your membranes ruptured before delivery?
[I< 18hrs 1 18hrs - 24hrs [>24hrs

2.3.4 Was oxytocin used during labor?(] Yes 1 No

2.3.5 Which type of delivery did you have?

"1Vaginal delivery [ Caesarean Section [1 Instrumental delivery: Vacuum

2.3.5 The outcome of this pregnancy:[1 Single [ Twins [J Triplet [ Quadruplet

2.4 Feeding practices

2.4.1What is the feeding method?
1 Exclusive breast feeding [1 Bottle feeding (1 Mixed [ Others, specify............

2.4.2 When did you initiate feeding? [] Hr.

2.4.3 How many times has the baby been usually fed?

"1 On demand 1 Every 2-3 hours 1 More than3 hours

2.4.4 Did your baby have feeding difficulty before admission?] Yes 7 No

2.4.5 How many wet diapers usually have been changed within 24 hours?(] Diapers.

2.4.6 When did you discharged from maternity department?
1< 6h 1 6 - 24hr 1 25-48hr 1 49-72hr (1>72hr

2.4.7 Had any history of newborn's previous sibling with jaundice? Yes 1 No

3. Neonatal Factors

3.1 General information

3.1.1 Gender:[] Male ] Female 3.1.2 Neonate age on admission:[] Days

3.1.3 Gestational age:[1 wks. 3.1.4 Birth weight:(7010] gm.

3.1.5 Neonate order:[]

3.1.6 How old was the baby when you first noticed jaundice?] Day

3.1.7 Cause of jaundice:
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"1 ABO incompatibility "1 Rh incompatibility "1 Breast-feeding jaundice

1 Breast-milk jaundice 1 Dehydration 1 Prematurity
0 UTI 1 Sepsis 1 Birth asphyxia
1 G6PD deficiency 1 Liver disease 1 Hypothyroidism

1 Idiopathic (Unknown) 1 Others, specify.................

3.1.8 Neonate treatment:[] Increase feeding "1 Stop breast feeding
1 Phototherapy 1 Exchange blood transfusion
1 Others, specify ............. [Antibiotics, IV fluid, blood transfusion, Intravenous Immunoglobulin

(IVIG) or phenobarbital].

3.2 Laboratory findings:

3.2.1 Neonate's blood group:[] A 0B 10 1 AB 1 Unavailable

3.2.2 Neonate 's Rh type:[] Positive 1 Negative [ Unavailable

3.2.3 Bilirubin level on admission:

a. Total: .eceeninnnnne mg/dI 71 Serum 1 Transcutaneous
b. Direct: ..ceeeeninene mg/dI’] Not measured
c. Indirect: ............. mg/dI’] Not measured

3.2.4 Complete blood count on admission:
a. Hemoglobin level .............. g/dl 71 Not measured
b. Total WBC count ...............
c. Total RBC count.................
d. Total platelet count .............

3.2.5 Direct coombs test : 1 Positive "1 Negative 71 Unavailable
3.2.6 Peripheral blood film:[7 Normal "1 Abnormal 1 Unavailable
3.2.7 Urine analysis:[ Positive 1 Negative 1 Unavailable

3.2.8 Urine culture:[] Positive 1 Negative "1 Unavailable

3.2.9 Blood culture:[] Positive 1 Negative [ Unavailable

3.3 physical examination:

3.3.1 Temperature on admission:[1°C 3.3.2 Dysmorphic features? [ Yes [1 No

3.3.3 Umbilical infection?:] Yes [] No 3.3.4 Bruising after birth?(] Yes [1 No

3.3.5 Cephalhematoma after birth?(] Yesl INo 3.3.6 Kernicterus signs? [1Yes [1No
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Annex (3.4): Suggested interviews questionnaire( Arabic copy)

A8 il

La e oY) (S0

e O Al a gl "G sl Gaail) dadlan Wle Gl 5o callda Ul

336 cibilag A 3 gl Auas JUkY) sal Bl ) g3 Al b Jalgs

e ALY Al aes Ao DlaYh o S sa iy Olain VL AS i) e el go ey
o) Lgaladia s Lgaan atis Gl bl () LS Jae gl Al jall o8 GBS jlia (o alall
AT AU el Y 5 Baa g dilel UG ALY e LY oy dadd alall Caall

g Lan ) e sleal ClS Lagn IS0y 4262 15 M sm (3ot i s ALY o3
Calll ety aal lgale allay ()15 GLaiSl) o g &y jo A

Sl glad Cpn & S

sihaa gl glina sdialyll

0592430253:J saaall b

100



Llay)

e 28 il
2015 \...\... AL &y 2015 \...\... :Jsdal &y

JULN jeaill Lidiae [] el juali pana [ sl olSa

el [ a ye [7 & ldial)

id) £ panll) 5 delainy) clagheall 1 |

........................................... sl a8, 2.1 T TS r et

s [ el ] bl | N A 1 2015 \...\... ¥l &8 301

i ] 1a¥) 2 6.1 a1 1Y) e 5.1

raY) aslad Cgieia 7.1

daslal) o el dxda] 55 el il [ el

r ) aalat g gl 8.1

daalall (e e daalal] s S el ) [ all]

Jaad ¥ [deni] 1Y das 9.1

.................................................................. fQardl £ 58 gala cJaad oY) S 1310.1

Nl a3 )y Q) G 48 Aa 325y JA11.1

il ds 1 [ sl An ) PR dlua da 3 (Ale ani LlaY) @il 13)12.1

2 [ ohlsal] 1ddhl gall14.1 ovisla [ 3¢ [rddlaall 13,1

Sl N0 dSdly g gl Jal) 1.16 LA el A (] :4al@Y15.1
AL Adbaid) Jalgadl 2 |
bl gy 112 |

ABL O Bl A [fa¥adluad ala1.1.2

o 1 ] M el Jaladl L 2.1.2

Y[ i Fasl) gl £ il (a £ 68 (o) (e ful bl Ja3.1.2
................................................... e 5l sala aad Ay cils 1314,1.2

okl Bl ey 5 2.2 |

Y[ axi] S oY) dllas 138 J41.2.2
N5 [T Y sen [l e dae gaaa ¥ LYl @il 132 2 2

Al BN gl fg 5 2.2

Y axi F palall Jaaldly ddai jal) ol laial (of aal Ja 1.2.2
Al Al Jsm 5 i3 gl eyl clS 13 2.2.2

Jaal s Jeall 5 S

Rlagll NI 1] Al i) g

Sl axs Lo i (1 5oV 8 Le g3 )

......................... @2 s AN pl) L[]

¢ Bl S Cially Jaaal) eldall 3 el Lgad i Al Baall e 3.2.2

101



dclu 24 <[] 4clu24-18 (] 4elw18>[]

5N A elial) Glhal) aladiad a3 Ja 4.2.2
Y[ pxil

BVl gsi L5222
a1l a0 3aY o] 4y pad ddee [ dxds Lliga 52Y 5 [

 AY) Jaall daii AL 6.2.2
) g8 day )l [ a9 4830 [ e\}ﬁDh\}dﬁLD

Lal) il jles 3.2 |

¢ Gllilal tiydas 48y b AL 1,32
....................... g s AT dhbida [ dala il delaa ] 4 s dpapla delia |

Ao L fellih 400 4 glaa Jf cuils e 2.3.2

GBale dlldh 4,080 g Ay Al <l pal) 330 a8 3.3, 2
Slels 3 o ST [ Cilele 3-2 <M bl e ]

Y[ o [P &y paua (e dllib e J2 4.3, 2

ihlia [ Bale delu 24 DA Wl aly Al 4da ) cillilial) dae aS 5.3, 2

Sz s AN JB B gl and 8 Lgy ciiCa Al e 3 Baal) AL 6.3, 2
Aclw 72 <[14ele 72 - 49 [1 4elu 48 -25[14clu 24 -6 el 6 >[]

| Jiklly dilaia Jalge .3 |

| e clagha 1.3 |

o [JA die Jahl) e 2.1.3 sl ] 83 [nowdal) 1.1.3
& saal 1] 139 o) die(Jaad) Gy ) an 1 pandl 4.1.3 o 8 ol sie 3803.1.3

ikl @85 4.1.3

o [] SOE ull dBiadle Jgl dic Jahll jee (S aS51.3

tO@ ) s6.1.3

Amdall deLia 1 U8 5 [ pms 3ol 1) Jalall (381 55 a2e 1] o Alpad (31 5 axe [
Z1aadl [ Qa1 Gl gy [

sl Blsal ] (Pl Lty YT A sl elllusall g3l

48 ol Bardl ) ) Gl ] 28l il el GBPDI 33 i [

................ 2 e A 1 el Jseaa [

Ewd7.1.3

Lagadal) delia 1) i g [ ddas 30l ) [

el i o ] 6 suially 30l

s e lial) Gl g slal) canl) iy sy sl Jilall ¢y goall clslizmall] L s g Al [
[l b sl i (IVIG)

Ay il milill) 2.3 |

Ssie e [1 ABII O Bl A [1:Jihll aadluad 1,23

Ase pel] A [] Sl rddhall el Jalali2 2.3

102




dsddll die Gl g Sl 3.2.3

odia ye [alal) e [ deadl [ o/ e, D g sanall ]
Qe odle

Qa8 e 2

(A e Jal<l) aall 3as 4,23

ol e (A & i, sl sanell (5 ginsa
.......................... sbaanl) aall @l S e ¢ sane
........................... ¢l yaall aall il S 2ae & sena 7

4 gadll mildiall 2o £ gana 2

Jisie it (] il [ ) [ 1) pusagS 531 5.2.3

Sgie e [Ianb e [gaenh [ :aall a4 6.2.3

Asia y [ = [ ) idsr Jlad7.2.3

Asie e [ il [ ) [:dse 4,30 8.2.3

Asia e [ il [ o) (2 de )32 9.2.3

(il gaadll 3.3

Y [ans (19 AL 0 95 cilade 2.3.3 colidga die 3 ) Al da 0 1.3.3

Y pad 1Bl a4 33 | VI aad:f el Jaad) Gl g9 3.3.3

VI aai] 1Sl Siliclaailede6.3.3 (S8 5N day maly (5.902 0,45.3.3
Y[ axi[]

Sl gladl Mo a1 S

AAhas g slia dialy)

103




Annex (3.5): Expert's Panel

Dr. Yehia Abed

Dr. Bassam Abu Hamad
Dr.Khitam Abu Hamad
Dr. Ashraf El-Jedi

Dr. Ahmad Al-shir
Dr.Abed-Alkareem Radawan
Dr.Areefa AL-Beheery
Dr. Nabeel Al-Baraguony
Dr. Shireen Aabed

10. Dr. Mohammad Zakoot
11. Dr. Tareq Al-Daghma

12. Dr. Yousef Abu Rreesh

© o N o gk~ wDdh -
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Al-Quds University
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Islamic University
Islamic University
Islamic University
Islamic University
Al-Naser Pediatric Hospital
Al-Naser Pediatric Hospital
Naseer Medical Complex
Naseer Medical Complex
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Annex (3.6): Gestational age calculation

Gestational Age from Estimated Date of Delivery

(EDD)
Input:
Results:
Current Date Nov v |17 v || 2015 ¥
) Current\
Estimated Dateof "\ o' ' pp v || yyyy v Gestational Age
Delivery by EDD

References

«_ Share

1. Mul T, Mongelli M, Gardosi J. A comparative analysis of second-trimester ultrasound dating formulae in

pregnancies conceived with artificial reproductive techniques. Ultrasound Obstet Gynecol. 1996
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2. Westerway SC. Davison A, Cowell S. Ultrasonic fetal measurements: new Australian standards for the

new millennium. Aust N Z J Obstet Gynaecol. 2000 Aug;40(3):297-302.

3. Altman DG, Chitty LS. New charts for ultrasound dating of pregnancy. Ultrasound Obstet Gynecol. 1997
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est-delivery-date
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Annex (3.7): Approval from Helsinki committee —Gaza governorate

c xall S &.Lu‘.?:‘—l*hub‘:ﬂ-" ou—t%m

Palestinian Health Research Council

DA pdia (A Afa ) e glrall aladinnd dusla S (a (Asdaalil aall Al 5y 520
Developing the Palestinian health system through institutionalizing the use of information in decision making

Helsinki Committee
For Ethical Approval

Date: 0310812015 Number: PHRC/HC/44/15

Name: @L.A.A)j A‘)&‘- PALTON ?-u\”
e would like to inform you that the Bl S s ah las g
committee had discussed the proposal of Pl il Sl o i
your study about: =i

Risk Factors of Hyperbilirubinemia among Admitted Neonates in Gaza
Governorates: Case Control Study

The committee has decided to approve adle ol Gundl o gl ¢y N
the above mentioned research. 5 i ] i
Approval number PHRC/HC/44 /15 in its adlle ysSadl )l o8l
meeting on 03/08/2015

Signature

' Pi1g o 2%
Man Hes

Genral Conditions:- Specifié Conditions:-
V1. Valid for 2 years from the date of approval. 3
VY. Itis necessary to notify the committee of any change
in the approved study protocol.
YA, The committee appreciates receiving a
copy of your final research when
completed.

The subject was approved following the World Medical Association Declaration of Helsinki-Ethical principles for medical research
involving human subjects, adopted by the 18th World Medical Association General Assembly, Helsinki, Finland, June 1964 and
amended by the 59th WMA General Assembly, Seoul, Korea, October 2008.

E-Mail:pal.phrc@gmail.com

Gaza - Palestine Oabaald - 5 38
il G ik - puaill g L
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Annex (3.8): An official letter of request
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Risk Factors of Hyperbilirubinemia among Admitted Neonates in Gaza
Governorates: Case Control Study
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Annex (3.9): An agreement letter from MOH Hospitals General Administration
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Annex (3.10): Approval from Primary Health CentersAdministration
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Annex (3.11): Estimated budget

No Item Unit Expected USD
1 Study tools Questionnaire $200
2 Transportation Three months- all $1,000

Gaza Governorates
3 Data collectors 300* $5 per $1,500
questionnaire
4 Training For data collectors $200
workshop
5 Data entry and $1000
analysis
6 Photocopying for $500
research papers
Total US $ $ 4,500
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