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ABSTRACT 

Background: Neonatal hyperbilirubinemia is one of the most common clinical condition 

seen in neonates in the first week of life. In substantial number of cases, the significant 

hyperbilirubinemia may reach to a level which is toxic enough to cause brain damage 

and can lead to kernicterus. The prevention of poor outcomes necessitates early 

detection of neonates who are at risk of developing significant hyperbilirubinemia. The 

objective of this study was to determine the critical cord serum bilirubin and albumin 

levels and bilirubin/albumin ratio for early prediction of significant hyperbilirubinemia 

in healthy term newborns. 

Material and Method: This prospective study included 200 full-term healthy neonates. 

Measurement of cord bilirubin, albumin and bilirubin/albumin ratio was done to 

predict significant hyperbilirubinemia in healthy term newborns based on serum 

bilirubin measurements made at 24 hours,72 hours and day 5 of postnatal life. 

Results: ROC curve analysis demonstrated that cord serum total bilirubin cut off value 

of ≥2.255 mg/dl had a good predictive value with a sensitivity of 87.5% and specificity of 

98.81% and cord serum albumin cut off value ≤ 2.950 g/dl also had a good predictive 

value with a sensitivity of 87.5% and specificity of 95.24%. Cord bilirubin/albumin 

ratio cut off value >0.835 had the best predictive value out of the three parameters with 

a sensitivity of 87.5% and specificity of 99.40%. 

Conclusion: Cord serum bilirubin, albumin and cord bilirubin/albumin ratio could be 

early predictors for significant neonatal hyperbilirubinemia. 

 

INTRODUCTION 

Neonatal Jaundice or Icterus Neonatorum has been a topic of great interest for pediatricians 

and neonatologists as it is one of the most common clinical condition seen in neonates in the 

first week of life. It is seen in 60-70% of term and about 80% of preterm newborns during 1st 

week of life.
1 

In many cases, severe significant hyperbilirubinemia may occur without 

apparent reason in healthy newborns and if left untreated, it may be toxic enough to cause 

brain damage. Thus, the prevention of poor outcomes necessitates early detection of neonates 
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who are at risk of developing significant hyperbilirubinemia. Early discharge of healthy term 

newborns has become a common practice because of advantages including prevention of 

nosocomial infections, encouragement of early maternal-infant bonding and also lower cost. 

The American Academic of Pediatrics (AAP) recommends that newborns discharged within 

48 hours should have a follow-up visit after 48-72 hours for any significant jaundice or other 

problems.
2 

In developing countries, the value of follow-up visits after early discharge is 

questionable as many mothers do not return owing to the distance they need to travel.Also, 

considering the severe neurological morbidities which are caused by bilirubin toxicity, the 

need for early prediction of jaundice has become increasingly important. Several studies have 

been performed to assess the ability of cord bilirubin and albumin to be tools for screening of 

subsequent neonatal hyperbilirubinemia. Plasma albumin helps in transport of unconjugated 

bilirubin and thereby it limits the neurotoxicity of bilirubin by reducing the concentration of 

unbound bilirubin. The bilirubin/albumin (B/A) ratio is a reasonable marker of bilirubin 

binding to albumin and is therefore, considered a surrogate marker of free bilirubin and an 

interesting parameter in the management of hyperbilirubinemia.
3-4 

In this study the critical 

cord serum bilirubin level, cord serum albumin level and cord bilirubin/albumin ratio were 

determined that could predict significant hyperbilirubinemia in healthy term newborns based 

on serum bilirubin measurements made at 24 hours, 72 hours and day 5 of postnatal life. This 

will help in early implementation of appropriate treatment to minimise the risk of bilirubin 

induced brain damage. 

 

MATERIALS AND METHODS 

This prospective cohort study was conducted on 200 (sample size) full term neonates born in 

Bebe Nanaki Mother and Child Care Centre, Government Medical College, Amritsar from 

Jan 2019 to Dec 2019. All the newborns included in the study were healthy ,full term(period 

of gestation ranging from 37- 42 weeks, determined by using LMP as well as New Ballard 

Score) of either gender weighing >2400 g, whose parents agreed to come for follow up upto 

fifth day of life were included. 

 

EXCLUSION CRITERIA 
Neonates with gestational age < 37 weeks and >42 weeks, major congenital 

anomalies, sepsis ,severe perinatal asphyxia ,congenital infections (TORCH), conjugated 

hyperbilirubinemia, intrauterine growth retardation, Rh incompatibility, ABO 

incompatibility, Hemolytic jaundice,Trauma during labour and delivery suggestive of 

extravascular bleeding ,significant illness requiring NICU admission for >12Hours ,mothers 

with history of intake of drugs during pregnancy such as sulfonamides, nitrofurantoin, 

antimalarials that can displace bilirubin from albumin and those lost to follow up before the 

completion of 5 days of life were excluded from the study. 

 

PROCEDURE 
Participants were subjected to detailed history-taking. Thorough physical examination of 

neonates was done. The use of phototherapy or exchange transfusion was recorded as 

indicated by the American Academy of Pediatrics guidelines for management of neonatal 

hyperbilirubinemia. In the delivery room, 5 ml of cord venous blood was collected after 

clamping the umbilical cord with 2 clamps. The collected cord sample was tested for serum 

albumin level using Bromocresol green(BCG) method, serum bilirubin (total and direct) level 

using Walter and Gerarde method, hemoglobin concentration, PBF for hemolysis and Blood 

groups (ABO, Rh) were determined for newborns and mothers. These cases were followed up 

daily from birth till 5 days of postnatal life because the peak serum bilirubin in a full term 

healthy newborn occurs between 
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3rd and 5th day. Their serum bilirubin levels were measured at 24 hours, 72 hours and at the 

end of 5th day. Neonates requiring use of phototherapy or exchange transfusion were 

considered having significant hyperbilirubinemia. The study population was divided into 2 

groups i.e. group 1 who developed significant hyperbilirubinemia and group 2 who did not 

develop significant hyperbilirubinemia. Data was statistically analysed using SPSS program, 

version 23. ROC curve analysis was performed to explore the discriminant ability of different 

cord measures (cord bilirubin,albumin and bilirubin/albumin ratio) in predicting significant 

neonatal jaundice. p value < 0.05 was taken as significant. 

 

RESULTS 

Incidence of significant neonatal hyperbilirubinemia in the present study was 16% i.e. Out of 

200 babies, 32 babies developed significant hyperbilirubinemia requiring treatment (group 1) 

and 168 babies did not develop significant neonatal hyperbilirubinemia( group 2). All the 

babies in group 1 received phototherapy and none of them required double volume exchange 

transfusion. Among the 32 neonates who developed significant neonatal hyperbilirubinemia, 

14 were males and 18 were females; 21 cases were delivered by caesarean section and 4 cases 

received oxytocin for induction of labour. As regards the 168 neonates who did not develop 

significant neonatal hyperbilirubinemia, 92 were males and 76 were females; 90 cases were 

delivered by caesarean section and 22 cases received oxytocin for induction of labour. 

The babies in group1 had statistically significantly higher cord serum bilirubin levels when 

compared to the babies in group 2 i.e. ( 2.52±0.20mg/dl) versus (1.53±0.16mg/dl) (p value = 

0.001) . The babies in group1 had statistically significantly lower cord albumin levels when 

compared to the babies in group 2 i.e. ( 2.82±0.14 g/dl) versus (3.33±0.29 g/dl) (p value = 

0.001). The babies in group1 had statistically significantly higher cord serum bilirubin/ 

albumin ratio when compared to the babies in group 2 i.e. (0.89± 0.07) versus (0.45±0.05) (p 

value = 0.001). Total serum bilirubin levels measured on days 1, 3 and 5 were significantly 

higher in group 1 when compared to group 2 i.e. [(8.29 ± 0.72 mg/dl versus 4.38 ± 0.65 

mg/dl)], [(16.59 ± 1.39 mg/dl versus 8.40 ± 1.18 mg/dl)] and [(13.37 ±4.22 mg/dl versus 7.72 

± 0.69 mg/dl]) respectively. 

Table 1: Baseline data comparison between two groups 

 Need of treatment No need of treatment p-value 

Mean Weight 2.63±0.10 2.62±0.13 0.512 

Mean Gestational age 38.55±0.66 38.53±0.71 0.843 

Mean Hb 15.85±0.46 15.83±0.57 0.864 

Birth order (median) 2.00 2.00 0.0564 

Mode of delivery 

∙ LSCS 

∙ VD 

65.62% 

34.37% 

53.57% 

46.42% 

0.209 

Need of oxytocin 

Apgar Score (median) 

At 1 minute 

At 5 minute 

12.5% 

9 

9 

13.09% 

9 

9 

0.928 

0.178 

0.385 

Need for resuscitation 0 0 0 

Mode of feeding 32 (100%) 168 (100%) - 
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(breast feed) 

Mean cord serum 

bilirubin 
2.52±0.20 1.53±0.16 0.001 

Mean cord serum 

albumin 
2.82±0.14 3.33±0.29 0.001 

Mean cord 

bilirubin/albumin 

ratio 

0.89±0.07 0.45±0.05 0.001 

PBF for hemolysis Absent Absent - 

 

Figure 1: ROC curve analysis to explore the discriminant ability of cord total bilirubin 

in predicating significant hyperbilirubinemia. Area under curve (AUC) is 0.996 

indicating high significance 

 
 

Figure 2: ROC curve analysis to explore the discriminant ability of cord albumin in 

predicating significant hyperbilirubinemia. Area under curve (AUC) is 0.953 indicating 

high significance 
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Figure 3: ROC curve analysis to explore the discriminant ability of B/A ratio (cord) in 

predicting significant hyperbilirubinemia. Area under curve (AUC) is 0.997 indicating 

high significance. 

 
 

Table 2: Comparison of predictive values 

Parameters Cut off value Sensitivity Specificity Positive 

predictive 

value 

Negative 

predictive  

value 

Accuracy 

Cord Bilirubin 2.255 mg/dl 87.5 % 98.81 % 93.33 % 97.65 % 97.00 % 

Cord Albumin 2.950 g/dl 87.5 % 95.24 % 77.78 % 97.56 % 94.00 % 

Cord 

bilirubin/albumin 

ratio 

0.835 87.5 % 99.40 % 96.55 % 97.66 % 97.50 % 

 

DISCUSSION 

Significant neonatal hyperbilirubinemia needs appropriate and timely treatment. By 

predicting the newborns developing significant neonatal jaundice early at birth, we can 

design and implement the follow-up in the high risk groups effectively. In the present study, 

32 neonates out of 200 developed significant hyperbilirubinemia requiring treatment. Out of 

these 32 neonates, 26 neonates developed significant hyperbiliurubinemia on day 3 of life i.e. 

at 72 hours and 6 neonates developed significant hyperbiliurubinemia on day 5 of life. All of 

them were treated with phototherapy and none of them required double volume exchange 

transfusion. It was noted that factors such as gender, birth weight,gestational age,birth order, 

mode of delivery need of oxytocin ,baby and mother blood group, hemoglobin levels were 

not seen as significant risk factors in the present study ( p value > 0.05 ) .The study 

demonstrated a highly significant difference between the cord serum bilirubin levels in the 2 

studied groups. They were lower in neonates who did not develop significant 

hyperbilirubinemia (1.53±0.16mg/dl) versus those who developed it (2.52±0.20mg/dl). p 

value= 0.001 indicated that cases with significant hyperbilirubinemia requiring treatment had 

statistically significantly higher cord bilirubin levels. This is consistent with Ipek IO et al
5 

who in 2012, found mean cord serum bilirubin was also lower in babies who did not develop 

neonatal hyperbilirubinemia versus those who did (1.64±0.41mg/dl versus 2.05±0/9mg/dl). 

Khairy MA et al, in 2018, also found that the mean cord serum bilirubin levels were higher in 

babies who developed neonatal hyperbilirubinemia versus those who did not (2.4±0.2mg/dl 
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versus 1.4±0.4mg/dl).
6 

ROC curve analysis of cord total bilirubin demonstrated that a cut off 

value ≥2.255mg/dl had sensitivity of 87.5%, specificity of 98.81% and positive predictive 

value of 93.33% with negative predictive value of 97.65% and accuracy of 97%. Similar 

observation was noted by Taksande et al in 2005 with the cut off value of 2.0 mg/dl, with a 

sensitivity of 89.5% and negative predictive value of 98.7%.
7 

Rajpurohit et al also noted that 

cord blood bilirubin cut off value >2mg/dl had a sensitivity of 90% and negative predictive 

value of 98% in predicting the risk of neonatal hyperbilirubinemia.
8 

Albumin helps in hepatic 

transportation of bilirubin and its clearance. Therefore, low serum albumin levels decrease 

bilirubin clearance and increase chances of significant hyperbilirubinemia.
9 

Highly significant 

difference was found between the cord serum albumin levels in the 2 studied groups. They 

were higher in neonates who did not develop significant hyperbilirubinemia (3.33±0.29 g/dl) 

in comparison to those who developed it (2.82±0.14 g/dl). 87.5% of cases that developed 

significant hyperbilirubinemia had cord albumin levels. These findings were in accordance 

with a study conducted by Khairy M et al in which 67.9% of the cases cases that developed 

significant hyperbilirubinemia had cord albumin levels.
6 

Similar results were reported by 

Trivedi et al who noted that cord serum albumin level <2.8 gm/dl was a risk indicator in 

predicting neonatal hyperbilirubinemia
10 

and Venkatamurthy M et al who noted that 95% of 

the cases that developed significant hyperbilirubinemia had cord serum albumin ≤2.8g/dl.
11 

On analyzing the ROC curve of cord serum albumin levels, a cut off value of <2.950mg/dl 

had a good predictive value with sensitivity of 87.5%, specificity of 95.24%, and positive 

predictive value of 77.78% with negative predictive value of 97.5% and accuracy of 94%. 

This is in accordance with Khairy M et al who demonstrated that cord serum albumin cut off 

value ≤ 3.0 mg/dl had a good predictive value with a sensitivity of 85.7% and specificity of 

67.3%.
6 

Similarly, in a study conducted by Dwarampudi GS et al, it was suggested that cord 

albumin levels <2.8 gm/dl had a sensitivity of 74% and specificity of 88% in predicting the 

risk for neonatal hyperbilirubinemia.
12 

Ahlfors et al. suggested that, in the absence of an 

available assay for free bilirubin (Bf), the bilirubin/albumin ratio might provide a better 

estimate of Bf because it contains 2 of the 3 factors determining Bf (TSB, albumin and the 

albumin binding affinity).
13 

The study demonstrated a highly significant difference between 

the cord bilirubin/albumin ratio levels in the 2 studied groups. They were lower in neonates 

who did not develop significant hyperbilirubinemia (0.45±0.05) versus those who developed 

it (0.89±0.07). This is in accordance with study conducted by Khairy M et al in which cases 

with significant neonatal hyperbilirubinemia had significantly higher cord bilirubin/albumin 

ratio (0.86± 0.14) versus those who did not develop significant neonatal 

hyperbilirubinemia(0.44±0.19).
6 

On analyzing the ROC curve of cord serum 

bilirubin/albumin ratio, a cut off value of >0.835 had a good predictive value with sensitivity 

of 87.5%, specificity of 99.4%, and positive predictive value of 96.55% with negative 

predictive value of 97.66% and accuracy of 97.5%. Similar observation was noted by 

Ramteke et al in 2017 with the cut off value >0.89, with sensitivity of 95.45%, specificity of 

89.78%,and accuracy of 90.79%.
14 

Khairy M et al demonstrated a lower cord serum 

bilirubin/albumin ratio cut off value >0.61 with a sensitivity of 100% and specificity of 

88.4%, with PPV of 62.2% and NPV of 100%.
6
 

 

CONCLUSION 

In this study, all the three parameters i.e. cord serum bilirubin, cord serum albumin and cord 

serum Bilirubin / Albumin ratio proved to predict the development of significant neonatal 

hyperbilirubinemia. Babies with either cord serum bilirubin level ≥ 2.255mg/dl, cord serum 

albumin level < 2.950 g/dl or cord serum Bilirubin / Albumin ratio ≥ 0.835, were at risk of 

developing significant neonatal hyperbilirubinemia requiring treatment. Hence, these can be 

considered possible early predictors for significant neonatal hyperbilirubinemia. On 
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comparing the statistical predictive values of the above three significant parameters, it can be 

concluded that out of these three, cord serum bilirubin/albumin ratio is the best and the most 

accurate early predictor. However, with lack of studies done on cord serum Bilirubin / 

Albumin ratio as an early predictor of significant neonatal hyperbilirubinemia, this work 

opens the window for further studies to be performed in this field. Larger scale trials are 

needed and if found useful as early predictors of significant hyperbilirubinemia, these 

parameters have the potential of preventing morbidity and mortality from significant neonatal 

hyperbilirubinemia. 
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