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Abstract

Aim of the study: To compare cord blood albumin (CBA) and cord blood bilirubin (CBB) at birth as predictors for 
development of neonatal hyperbilirubinaemia.

Material and methods: CBA and CBB of 388 healthy term neonates born by lower segment caesarean section 
(LSCS) were determined at birth and transcutaneous bilirubin (TCB) was measured every 12 hours from birth until 
7 days of life or development of hyperbilirubinaemia requiring phototherapy.

Results: The cut-off value of CBB and CBA as obtained by the receiver operating characteristic (ROC) curve was 
1.90 mg/dl and 3.17 g/dl respectively. The sensitivity, specificity and positive predictive value (PPV) for CBB were 
97.4%, 40.6% and 71.09% while for CBA they were 40.8%, 34.8% and 48.41%. The cut-off value for CBB/CBA 
ratio was 0.719 as obtained by the ROC curve and was determined to have 97.4% sensitivity, 62.6% specificity 
and a PPV of 79.61%.

Conclusions: CBB/CBA is a better indicator compared to CBA and CBB alone for prediction of neonatal hyper-
bilirubinaemia.
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Introduction

The term ‘jaundice’ is derived from the French word 
jaune, meaning yellow [1]. Jaundice is yellowish discol-
oration of skin, sclera and mucus membranes due to  
elevated levels of bilirubin in blood. Neonatal jaundice 
is the commonest abnormal physical finding during  
the first week of life [2]. More than two thirds of neonates 
develop clinical jaundice [2, 3]. It affects nearly 85% 
of term and most preterm infants [4]. It accounts for 
46% of hospital admissions in children up to 2 months 
of age and up to 78% in the first week of life [5].

Neonatal jaundice is the most common reason for 
readmission of the baby in the early neonatal period [6] 
which causes a  financial as well as socio-economic 
burden on families in developing and underdeveloped 
countries. The American Academy of Pediatrics (AAP) 
recommends that newborns discharged within 48 hours 

should have a follow-up visit after 2-3 days to detect sig-
nificant jaundice and other problems [7]. This recom-
mendation is not possible in developing countries due to 
limited follow-up facilities in the community. Neonatal 
hyperbilirubinaemia has a self-limiting course or it can 
be treated easily by phototherapy when detected early 
in the course of illness, which prevents development 
of its most dreaded complication, i.e. chronic bilirubin 
encephalopathy (kernicterus) associated with poor out-
come even after treatment. So the concept of prediction 
of jaundice offers an attractive option to pick up babies 
at risk of neonatal hyperbilirubinaemia and allows ap-
plication of simple bilirubin reducing measures before 
bilirubin levels reach a critical limit.

Cord blood bilirubin (CBB) and cord blood albumin 
(CBA)  are important predictors for neonatal hyper
bilirubinaemia. The liver is the site of synthesis of albu-
min [3, 8]. It binds to unconjugated bilirubin and helps 
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in the transport which reduces the bilirubin toxicity on 
the tissues, thereby competing with tissues for biliru-
bin binding [9]. Hence it is an important determinant 
of neonatal hyperbilirubinaemia. Several studies have 
been performed to assess the ability of CBB and CBA 
and first-day bilirubin levels to be tools for screening 
of subsequent neonatal hyperbilirubinaemia [10, 11]. 
The bilirubin/albumin ratio is considered a surrogate 
parameter for free bilirubin and an interesting addi-
tional parameter in the management of hyperbiliru-
binaemia. It offers the clinician a reasonable measure 
of bilirubin binding to albumin until the unbound 
bilirubin or albumin binding reserve can be measured 
clinically with accuracy and precision. The current 
AAP guidelines for managing healthy jaundiced term 
and near-term newborns recommend the use of the 
total bilirubin concentration (TBC)/albumin ratio in 
addition to the TBC; however, it has not been widely 
used by clinicians [12]. So we tried to compare CBA 
with CBB and their ratio at birth for development of 
neonatal hyperbilirubinaemia.

Material and methods

This observational prospective analytical study was 
conducted in Department of Paediatrics, Uttar Pradesh 
University of Medical Sciences, Saifai, Etawah after tak-
ing duly approval from by the institutional ethical com-
mittee (ethical clearance no. 25/2017) of the university 
between January 2018 and July 2019. Term neonates 
(≥ 37 weeks), weighing more than 1800 g and born by 
lower segment caesarean section (LSCS) irrespective 
of gender, after taking informed and written consent 
from parents were included in the study. Preterm neo-
nates, birth weight < 1800 g, babies with Rh and ABO 
blood group incompatibility, CBB levels > 5 mg/dl, ba-
bies with significant illnesses such as neonatal sepsis, 
birth asphyxia, respiratory distress syndrome, meco-
nium aspiration syndrome, any who were critically ill 
or haemodynamically unstable and whose parents did 
not give consent were excluded. A total of 397 neonates 
were enrolled in our study, 9 of whom were excluded 
after application of exclusion criteria; for the remaining 
388 neonates full history was taken with emphasis on 
antenatal and perinatal history (maternal illness, drugs, 
fever with rash) and relevant data were obtained from 
the maternal case-sheet. After delivery of the newborn 
the umbilical cord was double clamped and cut at the 
placental end. As soon as the neonate was removed 
from the operative field the cord blood sample was tak-
en after clamping the cord with a sterile cord clamp at 
the neonatal end and puncturing the cord with a 5 ml 
syringe at a  suitable point after taking proper aseptic 

measures, during the whole procedure the umbilical 
cord was held in a slanting manner for ease of sample 
collection. Squeezing of the cord was avoided during 
sample collection to prevent haemolysis of blood. 
Around 2 ml of cord blood sample was collected in two 
vacutainers – one EDTA and another plain. The collect-
ed blood sample was stored away from light to prevent 
degradation. The plain vacutainer was sent to the bio-
chemistry laboratory for estimation of serum albumin 
and bilirubin and the EDTA vacutainer was sent to the 
haematology laboratory for determination of ABO-Rh 
blood group. The gestational age was determined us-
ing the New Ballard Score. Since the neonates includ-
ed in our study were normal stable infants they were 
shifted to the mother’s side for regular care and early 
breastfeeding. In the post-natal care ward transcutane-
ous bilirubin measurements were done every 12 hours 
from birth until 7 days of life or development of hyper
bilirubinaemia requiring phototherapy for manage-
ment. Transcutaneous bilirubin (TCB) levels were esti-
mated with a Jaundice Meter by placing the instrument 
on the baby’s sternum. The sternum was taken as the 
principal site of measurement as several studies have 
shown an excellent relation with total serum bilirubin 
(TSB) compared to the other sites [13, 14]. The average 
of three readings was taken as the TCB value. We used 
cut-off values provided by AAP percentile based hour 
specific transcutaneous nomogram according to age, for 
starting phototherapy on the basis of values of TCB [6]. 
The baby was then shifted to NICU for phototherapy. 
Blood samples were collected under proper aseptic 
precautions and sent for estimation of serum bilirubin 
and sepsis screen. Phototherapy was started after cov-
ering eyes, genitals and applying a skin tag. During the 
phototherapy hydration and temperature were assessed 
by an on-duty doctor and the baby was removed from 
phototherapy only for feeding. Measurement of TCB 
was done every 12 hourly for approximate estimation 
of bilirubin. Phototherapy was stopped when two con-
secutive readings 12 hours apart fell within the hour 
specific nomogram. Simultaneously serum bilirubin 
from venous blood was sent for investigation and the 
baby was shifted to the mother’s side for further care. 
The data were entered in an MS EXCEL spreadsheet 
and analysis was done using SPSS version 22.0.

Observations

Out of 388 newborns 181 (46.65%) were female 
and the rest 207 (53.35%) were male. The average birth 
weight of the newborns in our study was 2.86 ±0.47 kg 
with a  minimum weight of 1.8 kg and maximum 
weight of 4.25 kg. Other parameters which were ob-
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served are given in Table 1. The neonates developing 
pathological hyperbilirubinaemia were treated by pho-
totherapy as per protocols and none of the babies re-
quired exchange transfusion.

Table 1. Demographic and other characteristics

Parameters  

Female, n (%) 181 (46.65%)

Male, n (%) 207 (53.35%)

Birth weight in kg (mean ±SD) 2.86 ±0.47

Gestational age in weeks (mean ±SD)  38.44 ±1.47

Cord blood bilirubin at birth (mg/dl) (mean ±SD)  2.50 ±0.91

Cord blood albumin at birth (gm/dl) (mean ±SD)  3.23 ±0.64

Cord blood bilirubin to albumin ratio at birth  
(mean ±SD)

 0.84 ±0.51

TCB at birth (mg/dl) (mean ±SD)  0.74 ±0.50

TCB at day 3 (mg/dl) (mean ±SD) 8.59 ±3.23

TCB at day 7 (mg/dl) (mean ±SD) 8.50 ±2.44

Peak TCB (mg/dl) (mean ±SD)  12.34 ±3.21

Average life in hours for peak TCB 111.66

Newborns developing pathological 
hyperbilirubinaemia, n (%)

77 (19.84%)

Average life in hours for start of phototherapy 83.68

Average TCB for start of phototherapy (mg/dl) 16.32

TCB – transcutaneous bilirubin

Table 2. Incidence of pathological hyperbilirubinaemia in relation to CBB levels and CBA levels

Cord blood bilirubin (CBB) Cord blood albumin (CBA)

< 2.3 mg/dl ≥ 2.3 mg/dl < 2.9 g/dl 2.9-3.29 g/dl ≥ 3.3 g/dl

TCB falling in pathological range 2 (2.6%) 75 (97.4%) 33 (42.9%) 20 (26%) 24 (31.2%)

TCB not falling in pathological range 192 (61.7%) 119 (38.3%) 68 (21.7%) 67 (21.5%) 176 (56.6%)

Total 194 194 101 87 200

TCB – transcutaneous bilirubin
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Fig. 1. ROC curve denoting sensitivity and specificity for A) cord blood bilirubin (CBB), B) cord blood albumin (CBA), and C) CBB/CBA ratio for the prediction of 
development of pathological hyperbilirubinaemia

Out of a  total of 388 neonates 77 (19.84%) devel-
oped hyperbilirubinaemia. We divided the population 
into 2 groups on the basis of levels of cord blood bili-
rubin taking a cut-off of 2.3 mg/dl (as found in other 
studies) [15]. Out of the total 388 newborns, 194 had 
cord blood bilirubin levels less than 2.3 mg/dl and the 
remaining 194 newborns had greater than or equal to 
2.3 mg/dl. Out of the 77 newborns developing patho-
logical hyperbilirubinaemia, 2 (2.6%) had a cord blood 
bilirubin level less than 2.3 mg/dl while the remaining 
75 (97.4%) had a level greater than or equal to 2.3 mg/dl.  
Out of 311 newborns not having pathological hyper-
bilirubinaemia 192 (61.74%) had a  cord blood bili-
rubin level less than 2.3 mg/dl while the remaining  
119 (38.26%) had a cord blood bilirubin level greater 
than or equal to 2.3 mg/dl.

We further classified neonates into 3 groups on 
the basis of cord blood albumin. These groups were 
CBA less than 2.9 g/dl, 2.9 to 3.29 g/dl and more than 
or equal to 3.3 g/dl [3]. Of the total 388 newborns,  
101 (26.03%) had cord blood albumin less than 2.9 g/dl 
while 87 (22.42%) had levels between 2.9 and 3.29 g/dl 
while 200 (51.54%) had CBA levels more than 3.3 g/dl. 
In the 77 newborns developing pathological hyperbiliru
binaemia 33 (42.85%) had CBA values less than 2.9 g/dl, 
21 (27.27%) had CBA between 2.9 and 3.29 g/dl while  
22 (29.87%) had CBA more than 3.3 g/dl (Table 2).

A B C

Diagonal segments are produced by ties.
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Figure 1 and Table 3 show that a  cut-off value of 
cord blood bilirubin was 1.90 mg/dl as obtained by 
the ROC curve determined to have 97.4% sensitivity, 
40.6% specificity and a positive predictive value (PPV) 
of 71.09% with a  standard error of 0.020 under the 
non-parametric assumption. The cut-off value of cord 
blood albumin was 3.17 g/dl obtained by the ROC 
curve and was determined to have 40.8% sensitivity, 
34.8% specificity and a PPV of 48.41% with a standard 
error of 0.036 under the non-parametric assumption. 
The cutoff value for cord blood bilirubin to albumin 
ratio was 0.719 as obtained by the ROC curve, deter-
mined to have 97.4% sensitivity, 62.6% specificity and 
a PPV of 79.61% with a standard error of 0.019 under 
the non-parametric assumption.

Discussion

In resource constrained countries where the patient 
to bed ratio is very high, early prediction of hyperbiliru-
binaemia will help in early discharge, prevent re-hospi-
talization and reduce duration of hospital stay of babies 
and mothers [16, 17]. So there is a  constant need for 
a marker which can be reliably used to predict develop-
ment of significant jaundice in a neonate. In our study 
we observed 19.84% incidence of neonatal jaundice, 
which is similar to Bernaldo et al. [18], who reported 
a more or less similar incidence of 19.86%. Some similar 
studies report a lower incidence of 10.7% [19], 12.80% 
[20], 10.30% [21], 10.60% [22] and 9.5% [23] though 
some studies report a high incidence rate varying from 
34% up to 54.3% [24, 25]. These differences may be due 
to different racial and ethnic groups or various inclusion 
or exclusion criteria considered in various studies. With 
the receiver operating characteristic (ROC) curve anal-
ysis the cut-off CBB level (1.90 mg/dl) in our study was 
lower than that of previous such studies by Knudsen et al. 
[15], Taskande et al. [23], Sun et al. [26] and Ahire et al. 
[27], which reported a cut-off of 2.3 mg/dl, 2.0 mg/dl, 
2.0 mg/dl and 3.0 mg/dl respectively, which can be  
explained by detection of neonatal jaundice at the early 
stage due to application of transcutaneous bilirubino
metry. The cut-off value for CBA by ROC curve analy

sis was 3.17 g/dl while the values in previous studies 
were 2.6 g/dl [10], 3.0 g/dl [11], 2.75 g/dl [25], 2.75 g/dl 
[28] and 2.95 g/dl [29]. The difference observed may be 
due to the small sample size and inclusion of sick and 
premature neonates in these studies. In order to obtain 
a higher sensitivity and specificity than either CBB or 
CBA alone we decided to use them in combination as 
the CBB to CBA ratio. The ROC curve analysis on the 
CBB/CBA ratio revealed a  cut-off point of 0.719 with 
sensitivity of 97.4%, specificity of 62.6%, PPV of 79.61% 
and negative predictive value (NPV) of 94.13% while 
the cut-off point for CBB/CBA ratio obtained in other 
studies for prediction of development of significant hy-
perbilirubinaemia was 0.6 [11], 0.78 [28], 0.98 [30]. This 
variation in cut-off value may be due to the difference 
in sample size and estimation methods of bilirubin in 
other studies. The area under the curve of CBB/CBA  
ratio by ROC curve analysis is 0.932, which is also high-
er than that of CBB and CBA considered alone. On 
the basis of the above discussion it can be inferred that 
CBB/CBA ratio is a  better predictor for development 
of neonatal hyperbilirubinaemia with high sensitivity, 
NPV, PPV and specificity when compared with CBB 
and CBA alone. Strengths of our study were unbiased 
enrolment, large sample size, and use of transcutaneous 
bilirubinometry for jaundice screening, which gave us 
a more uniform approach and removed observer’s bias, 
minimally invasive procedures and above all combined 
the approach of CBB and CBA in the form of a  ratio 
which provided us a new parameter which is more sen-
sitive and specific than CBB or CBA alone.

Disadvantages of our study were that we only in-
cluded babies born through the LSCS route, not includ-
ing preterm and very low birth weight babies and use 
of transcutaneous bilirubinometry for assessment of 
hyperbilirubinaemia, which tends to overestimate bili-
rubin, although the problem is minimized to an extent 
as bilirubinometers are more reliable in term newborns.

Disclosure

The authors declare no conflict of interest.

Table 3. Sensitivity and specificity of CBB, CBA and CBB/CBA ratio in detecting pathological hyperbilirubinaemia

Area under curve 95% confidence interval Cut-off value Sensitivity
(%)

Specificity
(%)Lower bound Upper bound

CBB 0.923 0.885 0.962 1.90 mg/dl 97.4 40.6

CBA 0.327 0.257 0.397 3.17 gm/dl 40.8 34.8

CBB/CBA
ratio

0.932 0.895 0.970 0.719 97.4 62.6

CBB – cord blood bilirubin, CBA – cord blood albumin
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