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ABS TRACT  
 

BACKGROUND 

Hyperbilirubinemia is the most common cause of hospital readmission in neonates 

affecting about 60 % of term and 85 % of preterm neonates. Often, it is a benign 

condition but may result in neurological sequelae like bilirubin induced 

encephalopathy and kernicterus spectrum of disorders. We wanted to evaluate the 

foetal and maternal risk factors of hyperbilirubinemia and also identify the 

modifiable risk factors of it in neonates. 

 

METHODS 

An observational case - control study was carried out from July 2018 to July 2020. 

Neonates with hyperbilirubinemia levels in the range of phototherapy as described 

by the age and gestation by the American Academy of Paediatrics were taken as cases 

and neonates without hyperbilirubinemia were taken as controls. Detailed 

demographic-, prenatal-, perinatal-, family-history and physical-examination was 

undertaken for all the neonates included in the study and various risk factors were 

assessed such as the presence of maternal illness, intrauterine growth retardation 

(IUGR), premature rupture of membranes (PROM), prematurity, ABO and Rh 

incompatibility, previous history of phototherapy in siblings, breast feeding 

problems and birth asphyxia. 

 

RESULTS 

Multivariate logistic regression studies of data collected has shown a significant 

association between IUGR (P value 0.01), prematurity (P value 0.002), ABO 

incompatibility (P value 0.009), breast feeding problems (P value 0.001), birth 

asphyxia (P value 0.05) and presence of PROM (P value 0.05) with neonatal 

hyperbilirubinemia. 

 

CONCLUSIONS 

Early identification of neonatal hyperbilirubinemia and prompt intervention reduces 

the morbidity and mortality associated with this common condition. 
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BACK GRO UND  
 

 

 

Neonatal hyperbilirubinemia is the most common cause of 

hospital readmission among neonates. It affects about 60 % of 

term and about 80 % of preterm neonates.1 

Hyperbilirubinemia or increased serum bilirubin levels 

manifest as jaundice, the yellowish discoloration of the skin, 

sclera and mucous membranes. 

Often, it is a benign condition that resolves without any 

sequelae but in some cases, it may have significant mortality 

and morbidity due to the neurological sequelae like bilirubin 

induced encephalopathy and kernicterus spectrum of 

disorders. Neonates are more at risk for developing these 

sequelae due to the immature blood - brain barrier (BBB), in 

the early days of life. 

Therefore, prompt recognition and monitoring of the 

neonates at risk for developing significant hyperbilirubinemia 

is important for early intervention and prevention of 

complications associated with neonatal hyperbilirubinemia.  

Various factors have been associated with the presence of 

neonatal hyperbilirubinemia. These may be maternal factors 

like anaemia, hypothyroidism, TORCH (toxoplasmosis, other 

agents, rubella, cytomegalovirus, herpes simplex) infections, 

diabetes mellitus, hypertension, bad obstetric history, ABO 

and Rh incompatibility, breastfeeding problems, foetal factors 

like IUGR, oligohydramnios or polyhydramnios, neonatal 

factors like prematurity, birth weight, sepsis, urinary tract 

infections (UTI), presence of cephalohaematoma, familial 

factors like presence of jaundice in the family (haemolytic 

diseases, Dublin Johnson syndrome, Rotors syndrome) or 

environmental and social factors like time to initiation of 

breastfeeding, seasonal variation, etc.1-4 

This study was conducted to determine the various risk 

factors both maternal and foetal, associated with neonatal 

hyperbilirubinemia and identify the modifiable risk factors 

that were predominant in the population included in this 

study, as there was a paucity of studies to define the prevalent 

causes of hyperbilirubinemia found in the population of rural 

central India.  

 

 
 

ME TH OD S  
 

 

The approval (DU) / IEC / 2018 - 19 / 7475) of the Institutional 

Ethical Committee of the DMIMS University was taken. An 

observational case-control study was conducted in the 

neonatology department of a tertiary level rural hospital, from 

July 2018 to July 2020. A sample of 110 cases and 110 controls 

were taken, after calculation by two sided confidence levels (1 

- α = 95). 

 

 

In clu si o n Cr i ter i a  

Neonates with hyperbilirubinemia requiring phototherapy 

were included in the study as cases. The neonates whose 

serum bilirubin levels were in the range of phototherapy as 

per Bhutani Nomogram Charts4 for > 35 weeks of gestation or 

National Institute for Health and Clinical Excellence (NICE) 

Guidelines5 for neonates below 35 weeks of gestation were 

taken as cases. Neonates who did not have transcutaneous 

bilirubin (TcB) in the range of phototherapy were taken as 

controls in a 1:1 age and sex matched ratio. 

 

 

Ex clu si o n Cr i ter i a  

Neonates with congenital malformations, babies of parents not 

willing to participate in the study and neonates with 

incomplete information about pregnancy and delivery were 

not included.  

 

 

 All neonates delivered in our hospital were monitored 

twice daily through physical assessment and with 

transcutaneous bilirubinometer for the presence of 

hyperbilirubinemia.  

A detailed information sheet was given to the parents of all 

neonates included in the study, in which the methodology of 

the study was explained. All neonates enrolled in the study 

were subjected to a physical examination. 

The demographic data, prenatal, perinatal, and family 

history were collected. The presence of various risk factors 

was assessed. The maternal records were assessed for details 

of maternal illness, antenatal scans and details of labour or 

delivery. Breastfeeding was encouraged in all neonates as per 

the hospital norms and adequacy of feeding and problems of 

breastfeeding were assessed routinely by staff and residents. 

Mothers with inadequate secretions were advised to 

supplement feeds with donor milk from in - facility human 

milk bank. 

Details of birth events were obtained from the neonates’ 

case records. Laboratory investigations like complete blood 

count (CBC) with peripheral smear, septic screen, serum 

bilirubin levels, blood grouping, thyroid levels, glucose - 6 - 

phosphate dehydrogenase (G6PD) levels were done in all 

cases included in the study. 

As thyroid screening was not routinely done in all the 

neonates, the thyroid levels of control neonates were not done. 

All cases included in this study received phototherapy with 

serial monitoring of serum bilirubin levels, till the bilirubin 

levels were below the range of phototherapy as defined by the 

American Academy of Paediatrics as per age and gestation. No 

cases in this study were given pharmacologic treatment or 

required exchange transfusion. 

 

 

Defi ni ti o n  o f  M at er n al  I l ln es s 4 

 Hypertension was defined as documented blood pressure 

≽ 140 / 90 mmHg before pregnancy or before 20 weeks 

of gestation. 

 Mothers were classified to have gestational hypertension 

if the blood pressure exceeded 140 mmHg systolic or 90 

mmHg diastolic after 20 completed weeks of gestation in 

a previously, normotensive women with no evidence of 

proteinuria. 

 Pre-eclampsia was defined as the presence of proteinuria 

in  mothers with gestational hypertension. These mothers 

may also have complaints of headache, epigastric pain or 

thrombocytopenia. 

 Eclampsia was defined as any mother with pre-eclampsia 
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who had generalized convulsions that appeared before, 

during or after labour, not attributed to other causes. 

 The mothers who were diagnosed with diabetes before 

pregnancy were classified to have diabetes mellitus or 

overt diabetes. These mothers may have a random blood 

glucose level > 20 mg / dl or a fasting blood glucose level 

> 125 mg / dl with other signs like polyuria, polydipsia 

and unexplained weight loss.  

 Gestational diabetes was defined as “any degree of 

glucose intolerance with onset or first recognition during 

pregnancy”. This definition was used to describe 

gestational diabetes even if the condition persisted after 

pregnancy.  

 PROM (Premature rupture of membranes) was defined as 

the rupture of membranes before the onset of labour and 

before 37 weeks of gestation. 

 Anaemia in pregnancy was defined as a Hb level below 

11g / dl, according to WHO classification.  

 The mothers were classified as having hypothyroidism if 

the TSH values were > 2.5 mIU / L in the first trimester or 

> 3 mIU / l in the second and third trimester. 

 Bad obstetric history was defined as 2 or more 

consecutive spontaneous abortions, history of previous 

still birth, intrauterine foetal death or congenital 

anomalies in previous children. This indicates a previous 

unfavourable foetal outcome.  

 

 

Defi ni ti o n  o f  Neon a ta l  Ri sk Fa c tor s 4 

 The neonates were classified as IUGR, if the rate of foetal 

growth was lesser than the normal expected for a foetus 

of a particular race and gender. Clinical features of 

malnutrition at birth were also used to define IUGR 

neonates.  

 Neonates who required positive pressure ventilation for 

more than one minute at birth, APGAR score of less than 

6 at five minutes, delayed cry for more than 5 minutes or 

HR less than 60 / minute, where considered to have birth 

asphyxia. 

 Preterm babies were those neonates that were delivered 

before 37 completed weeks of gestation. 

 Polycythaemia is defined as a venous haematocrit of 65 

%. 

 Sepsis is a clinical syndrome, which is characterized by 

systemic signs and symptoms of infection. Neonates with 

a positive septic screen, culture proven sepsis or clinical 

sepsis were considered to have sepsis. 

 Breast milk jaundice is a condition that may be due to 

genetic predisposition, similar to Gilberts syndrome or 

attributed to the presence of β glucuronidase in the breast 

milk. The bilirubin level increases after the first 3 – 5 days 

and may return to normal levels if breast feeding is 

stopped. These infants have good weight gain, no 

evidence of haemolysis and normal liver function tests. 

 Breastfeeding problems considered, includes a flat, 

inverted, cracked or sore nipple, decreased secretions, 

breast engorgement, mastitis, and problems with proper 

latch. 

 Cephalohaematomas are tense swellings on the scalp, that 

are often present over the parietal bones as a result of 

subperiosteal bleeding and they do not cross the suture 

lines. 

 

 

S ta ti s ti cal  An aly si s  

All the data collected were entered in Excel 2011 and each of 

the variables were studied and analysed using STATA software 

10.0. An ODDS ratio > 1 was considered significant for 

association of risk factor with neonatal hyperbilirubinemia 

and a P value < 0.05 was considered to be statistically 

significant. The risk factors which were found to be 

statistically significant were reanalysed through multivariate 

logistic regression analysis. 

 

 
 

 

RES ULT S  
 

 

 

A total of 116 neonates were included in the study as cases, 3 

neonates were excluded as they had congenital heart diseases. 

A sex and age matched 1:1 control (N = 113) were included. All 

the babies included in our study were of Indian origin. The 

male to female ratio was 1.13:1. There was no significant 

association between gender (OR 0.74 and P value 0.070), head 

circumference, length, and weight between the study groups.

 
Groups of Risk Factors Risk Factors Cases (Total = 113) N (%) Controls (Total = 113) N (%) OR (95 % CI) P Value 

Maternal Illness 

GDM / DM* 10 (8.85 %) 4 (3.54 %) 12. 625 ( 0.77 - 186.32 ) 0.0032 
HTN / PIH ** 18 (15.93 %) 10 (8.85 %) 1.35 ( 0.12 - 7.72 ) 0.7125 

Preeclampsia / eclampsia 5 (4.42 %) 3 (2.65 %) 13.25 ( 0.17 - 289.98 ) 0.0136 
TORCH infections 5 (4.42 %) 1 (0.88 %) - 0.8289 
Hypothyroidism 3 (2.65 %) 1 (0.88 %) - 0.8474 

Anaemia 18 (15.93 %) 8 (7.08 %) 3.6 ( 0.49 - 20.53) 0.0837 
PROM 10 (8.854 %) 6 (5.31 %) 9.7 ( 1.10 - 79.51) 0.0024 

Maternal Factors 

Bad obstetric history 10 (8.854 %) 5 (4.42 %) - 0.4760 
ABO incompatibility 30 (26.55 %) 13 (11.5 %) 8.46 (2.06 - 40.42) 0.0002 
Rh incompatibility 9 (7.96 %) 2 (1.77 %) 0.64 (0.013 - 5.55) 0.6747 

Breast feeding problems 39 (34.51 %) 12 (10.62 %) 7.1 (1.59 - 42.75) 0.0018 

Type of Delivery 
Normal vaginal delivery 57 (50.44 %) 23 (20.35 %) 0.63 ( 0.22 - 1.74 ) 0.3326 

LSCS*** 47 (41.59 %) 89 (78.76 %) 0.99 ( 0.36 - 2.80 ) 0.9934 
Instrumental delivery 9 (7.96 %) 1 (0.88 %) - 0.7676 

Foetal Factor IUGR 41 (36.28 %) 19 (16.81 %) 14.72 (3.67 - 83.12) 0.0001 

Neonatal Factors 

Prematurity 46 (40.71 %) 21 (18.58 %) 4.91 (1.58 - 16.82) 0.0015 
Birth asphyxia 16 (14.16 %) 6 (5.31 %) 7.23 (0.85 - 58.22) 0.0097 

Cephalohaematoma 3 (2.65 %) 0 (0 %) - - 
Polycythaemia 4 (3.54 %) 0 (0 %) - - 

Sepsis 15 (13.27 %) 0 (0 %) - - 
Breast milk jaundice 1 (0.88 %) 0 (0 %) - - 

Family History 
History of sibling who received 

phototherapy 
7 (6.19 %) 3 (2.65 %) 8.66 (0.12 - 181.72) 0.0481 

History of jaundice in family # 3 (2.65 %) 1 (0.88 %) 0 0.8683 

Table 1. Maternal Risk Factors of Hyperbilirubinaemia in the Study Population 
*gestational diabetes mellitus / diabetes mellitus, **hypertension / pregnancy induced hypertension, ***Lower segment Caesarean section, #first, second and third degree relatives 
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Sl No. Risk Factor OR (95 % CI) P Value 
1 IUGR 2.48 (1.24 - 4.95) 0.010 
2 Prematurity 2.81 (1.44 - 5.48) 0.002 
3 ABO incompatibility 2.83 (1.29 - 6.23) 0.009 
4 Breast feeding problems 3.76 (1.73 - 8.15) 0.001 
5 Birth asphyxia 2.97 (0.99 - 8.93) 0.051 

6 
History of sibling who received 

phototherapy 
1.16 (0.23 - 5.73) 0.854 

7 Mothers with DM 1.88 (0.47 - 7.54) 0.368 
8 Mothers with eclampsia 1.83 (0.34 - 9.89) 0.480 
9 Presence of PROM 3.02 (0.98 - 9.29) 0.053 

Table 2. Multivariate Regression Analysis 

 

The various risk factors considered in our study has been 

described in Table / Fig 1. Univariate analysis showed 

maternal illness like diabetes mellitus (P value 0.003), pre-

eclampsia (P value 0.136) and PROM (P value 0.0024), 

maternal factors like ABO incompatibility (P value 0.001) and 

breast-feeding problems (0.001), presence of IUGR (P value 

0.000), neonatal factors like prematurity (P value 0.001) and 

birth asphyxia (P value 0.009) and family history of sibling 

who received phototherapy (P value 0.048) had a significant 

association with neonatal hyperbilirubinemia. 

Some neonatal factors like polycythaemia, sepsis, 

cephalohematoma and breast milk jaundice were found only 

in the cases, hence their association with neonatal 

hyperbilirubinemia could not be commented upon. 

 

 
 

 

DI SCU S SI ON  
 

 

Neonatal hyperbilirubinemia (NNH) a common condition 

among the neonates, may result in significant morbidity and 

mortality. The availability of non-invasive and effective 

treatment like phototherapy, has made the prompt 

recognition of the neonates at risk an important factor for 

reducing the complications associated with the condition. 

Through this study, an attempt was made to identify the 

potential modifiable risk factors associated with 

hyperbilirubinemia among the population included in this 

study. Breast feeding was found to be an important risk factor 

associated with hyperbilirubinemia in this study (P value 

0.001 and OR 3.76), similar to studies conducted by Mostafa 

SA et al.6 and by Xavier R et al.7 although Kuzniewicz MW et al.8 

did not find any significant association between breast feeding 

problems and NNH (P value 1), in their study.  

ABO incompatibility9,10 and Rh incompatibility11 have 

been studied a number of times and while some studies did not 

find either ABO or Rh incompatibility to be associated with a 

significant risk for NNH,12-16 this study establishes a significant 

association with ABO incompatibility, with P value 0.009 

although Rh incompatibility was not found to have a 

significant association. This could be attributed to the prompt 

administration of Anti - D factor and better antenatal care.  

Like studies by Tavakolizadeh R et al.17 and Devi DS et al.18 

this study, showed a significant association of diabetes 

mellitus and pre-eclampsia with NNH, through univariate 

analysis but multivariate regression studies did not find a 

significant association as described by studies by Mojtahedi SY 

et al.16 and Boskabadi H et al.19,20  

Maternal anaemia and maternal hypothyroidism were not 

found to have a positive association with NNH in this study, in 

contrast to other studies.2,16,17 TORCH infections in mother did 

not show a significant association with the presence of NNH, in 

this study. 

Like other studies conducted in the US21 and India,2 this 

study also found PROM to have a significant association with 

NNH (P value 0.053). Although many studies22-24 stated that 

the type of delivery has a significant association with NNH, this 

study did not find any association between the type of delivery 

and the presence of NNH. A study in Sweden25 showed a 

reduced risk for hyperbilirubinemia with planned LSCS. This 

could be attributed to the longer hospital stay and the proper 

establishment of breastfeeding among this group. 

The highest prevalence of hyperbilirubinemia was found 

in neonates of primigravida mothers {47.79 % (N = 54)} 

included in this study. This was similar to a study by Meng KH 

et al.3 although a meta-analysis by Olusanya BO et al.26 did not 

find any association between parity and the presence of NNH. 

Similar to other studies conducted in India,2,18,27 IUGR was 

found to have a significant association with NNH (P value 

0.01). Male gender has been considered as a  risk factor for 

neonatal hyperbilirubinemia,28,28,29 but no such association 

was found in this study ( P value 0.7). In contrast, Garosi E et 

al.30 showed a higher risk among female neonates for 

hyperbilirubinemia. 

This study along with the lines of other studies,8,21,31 also 

found that prematurity was a risk factor for NNH ( P value 

0.002) in contrast to studies by Singla et al.32 and Huang et al.15 

Birth asphyxia in this study had a significant association 

with NNH (P value 0.05) like other studies conducted in India,2 

Iran16 and China,33 in contrast to a study conducted in 

Taiwan.15 

Some studies33,34 have shown a positive association 

between the presence of cephalohaematoma and 

polycythaemia and NNH, while others8,16,32 did not find a 

significant association.  

Infections among the neonates include sepsis and UTI. UTI 

is difficult to diagnose among the neonates. Multiple 

studies24,28,31,33-35 state that infection is a risk factor for NNH 

while Huang M - J et al.15 in their study, did not find a significant 

association between the two. 

As only the cases included in this study had 

cephalohaematoma, polycythaemia and sepsis, the association 

could not be commented upon in this study.  

G6PD tests were sent only for the cases included in this 

study. Only one preterm neonate had a significant result but 

the neonate was lost to follow up. Hence the association of the 

condition with the disease cannot be commented on through 

this study, but the prevalence of G6PD in this study population 

was not significant enough to recommend the routine 

screening of all neonates for G6PD deficiency, in the 

population considered for this study. A study conducted by 

Sinha R et al.36 found a significant association between G6PD 

deficiency and hyperbilirubinemia in neonates.  

No neonates included in this study had hypothyroidism. 

Agarwal SK et al.37 in their study found breast milk jaundice to 

be the most common cause of neonatal hyperbilirubinemia. 

One neonate was diagnosed to have breast milk jaundice. The 

said neonate had prolonged jaundice with no other causes, 

hence the diagnosis was arrived at by exclusion. 

Among family history, the history of a sibling with 

hyperbilirubinemia requiring phototherapy and positive 

family history for hyperbilirubinemia were considered, both of 

which did not have a significant association with NNH (P Value 
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0.854 and 0.868 respectively) in this study although other 

studies24,27,28,37 showed a significant association between a 

history of sibling with hyperbilirubinemia to NNH. This study 

considered only the predominant aetiology and not the impact 

of multiple aetiologies. 

 

 
 

 

CONC LU S ION S  
 

 

 

This study identifies breast feeding problems as the most 

common modifiable risk factor associated with neonatal 

hyperbilirubinemia among the population included in our 

study. IUGR, PROM and prematurity are risk factors that may 

be potentially modifiable with proper antenatal care. 
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full text of this article at jemds.com. 
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