
57

January 2025, Volume 13, Issue 1, Number 38

Vishnu Priyaa Rajasegaran1 , Preethi Tamilarasan1* , Bharath Kumar Thirunavukkarasu1  

Research Paper
Cord Blood Alkaline Phosphatase Level as a Predictor 
for Neonatal Jaundice in Healthy Term Newborns

Background: Neonatal hyperbilirubinemia is one of the common and benign conditions 
occurring in 80% of preterm and 60% of term neonates during their first week of life. Though 
most cases are physiological and usually resolved without treatment, it is crucial to identify at-
risk neonates of developing severe hyperbilirubinemia so that therapeutic intervention can be 
initiated sooner to prevent long-term morbidity. As a result, an early assessment of the risk for 
hyperbilirubinemia is crucial, as most healthy neonates are discharged early. 

Objectives: This study aimed to compare cord blood alkaline phosphatase (ALP) levels between 
jaundiced and non-jaundiced neonates and to correlate the cord blood ALP levels with serum 
bilirubin levels in newborns with neonatal jaundice.

Methods: A hospital-based prospective cohort study was conducted on 126 healthy term 
newborns born to mothers without risk factors. Umbilical cord blood ALP was measured in all 
neonates. Then, the neonates were followed up daily for clinical jaundice for up to 3 days of life. 
They were subjected to further blood investigations if found icteric.

Results: This study showed a statistically significant correlation between the cord blood ALP 
level and the development of clinical jaundice. The median ALP level was also high in neonates 
who had clinical jaundice requiring phototherapy. According to the receiver operating curve 
(ROC), the most suitable cut-off value for cord blood ALP level for predicting neonatal jaundice 
with a sensitivity of 52%, specificity of 66%, positive predictive value of 60.47%, negative 
predictive value of 57.89%, and diagnostic accuracy of 59% was found to be more than 147 
IU/L. The area under curve value for cord blood ALP was 0.665, which was satisfactory. 

Conclusions: Cord blood ALP can be taken as a reliable marker in healthy term neonates to 
predict the risk of significant hyperbilirubinemia and the need for phototherapy despite having 
low sensitivity and specificity in this study.
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Introduction

eonatal hyperbilirubinemia is one of the most 
common benign conditions occurring in the 
first week of life, affecting both term and pre-
term infants [1]. It is characterized by yellow 
discoloration of the skin and sclera, which oc-

curs due to excess bilirubin deposition in the skin and 
mucous membranes [2]. Jaundice becomes visible clini-
cally when the total serum bilirubin (TSB) level exceeds 5 
to 7 mg/dL [3]. The balance between bilirubin synthesis 
and excretion is the primary determinant of TSB level [4].

Physiological jaundice is the most common jaundice 
seen in neonates. This condition results from the imma-
ture hepatic systems that cannot handle the increased 
bilirubin load. It is usually seen between 24 and 72 
hours after birth. 

Pathological jaundice is defined as visible jaundice oc-
curring within the initial 24 hours of life. It is character-
ized by yellowishness up to palms and soles, TSB levels 
increasing by more than 0.2 mg/dL/h or more than 5 
mg/dL/d, or TSB concentration exceeding the 95th per-
centile according to the age-specific bilirubin nomogram 
[3]. High serum bilirubin levels are toxic to the brain and 
can lead to bilirubin-induced neurological dysfunction 
(BIND). Mostly, neonatal jaundice is physiological and 
self-resolving. However, 5%-10% of the babies develop 
clinically significant jaundice, which requires early ther-
apy to prevent BIND.

Due to the early discharge of neonates from the hos-
pital (caused by various reasons like social reasons, 
economic constraints, and prevention of nosocomial 
infections) and increased rate of readmission for hyper-
bilirubinemia, early diagnosis and timely initiation of 
treatment is necessary [5]. Many noninvasive, simple, 
and reliable markers for early prediction of neonatal 
jaundice have been studied, including cord blood bili-
rubin, albumin, hydrogen peroxide, and alpha-fetopro-
tein [6-8]. Only a few studies have shown whether cord 
blood alkaline phosphatase (ALP) can be an early indi-
cator of severe neonatal hyperbilirubinemia [9]. Hence, 
this study was conducted to ascertain the role of ALP as 
an indicator of significant jaundice.

ALP is an intracellular hydrolase enzyme found in all 
body cells, especially the red blood cells. Hence, the 
enzyme gets released into the plasma during hemolysis 
and can be used as an early indicator of red blood cell 
hemolysis, which may eventually result in severe hyper-
bilirubinemia [10].

Study objectives

We compared the cord ALP levels between jaundiced 
and non-jaundiced term neonates without risk factors 
and determined the cut-off value. We intend to corre-
late the cord ALP values with serum bilirubin values in 
newborn jaundices.

Methods

Study setting

This study is hospital-based and was conducted in 
Sri Manakula Vinayagar Medical College and Hospital 
(SMVMCH), Puducherry, under the Department of Pe-
diatrics. SMVMCH is a 950-bed tertiary care center in a 
semi-urban area of Puducherry, southern India. 

Study design and participants

This research was a hospital-based prospective cohort 
study. All the healthy term newborns born at 37 and 42 
weeks of gestation to healthy mothers satisfying the 
inclusion and exclusion criteria and consenting for the 
study were included. The study was conducted over one 
and a half years from the approval date of the Institu-
tional Ethics Committee, February 2021 to August 2022. 

Study procedure

By taking the prevalence of non-physiological jaun-
dice of 19.1% among 560 newborns from a study done 
in Andhra Pradesh by Sahoo et al. [11], the sample size 
was calculated to be 124 using the Open Epi Software, 
version 3 for a finite estimated population of 1000, at 
95% confidence interval and 6.5% absolute precision.

All the normal-term babies satisfying the inclusion cri-
teria were included until continuous sampling reached 
the required sample size.

The inclusion criteria were as follows: Inborn neonate, 
healthy term, having an appearance, pulse, grimace, 
activity, and respiration (APGAR) score of more than 7 
at the first and fifth minutes of life, lacking significant 
illness or major congenital anomaly, a healthy mother, 
and being appropriate for gestational age. 

The exclusion criteria were as follows: Outborn neo-
nates; neonates born to mothers with comorbidities like 
diabetes, bone, kidney, or liver diseases; eclampsia or 
preterm delivery; having an APGAR score below 7 at the 
first and fifth minutes of life; neonates with apparent 
significant congenital malformations, neonatal sepsis, 
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and neonates with cephalhematoma or contusions or 
significant bleeding. 

Data collection 

A prospective cohort study was conducted in the Pedi-
atrics Department, SMVMCH, a tertiary-care hospital in 
Puducherry after the approval of the Research Commit-
tee, the Institutional Ethics Committee, and conform-
ing to the 1975 Declaration of Helsinki. 

The study was performed on 126 healthy term new-
borns born between 37 and 42 weeks of gestation after 
obtaining informed and written consent from the par-
ents. They were delivered vaginally, by instrumental de-
livery, or by cesarean section, with an APGAR score ≥7 
from healthy mothers without comorbidities. Five milli-
liters of umbilical cord blood was obtained from all neo-
nates enrolled in the study at birth to estimate ALP levels. 
All the neonates included in the study were further sub-
jected to complete history taking with clinical examina-
tion and laboratory investigations (cord blood ALP).

After a complete history and clinical examination, all 
the neonates included in the study were followed up for 
3 days after birth to assess the development of clinical 
jaundice based on the observation by the parents and 
or the physicians.

Neonates found to have clinical jaundice were further 
subjected to measurement of serum bilirubin level and 
other routine blood investigations and received the ap-
propriate treatment as per the American Academy of Pedi-
atrics (AAP) protocols (2004) [12].

The study population was classified into two groups: 
Neonates without clinical jaundice and neonates with 
clinical jaundice. The latter group was subdivided into 
neonates with clinical jaundice without phototherapy 
and neonates with clinical jaundice with phototherapy 
according to AAP protocols (2004) [12].

Neonates with clinical jaundice requiring phototherapy 
were subjected to clinical evaluation and laboratory inves-
tigations, including complete blood count with peripheral 
smear, C-reactive protein (if necessary), blood grouping 
and typing, and direct Coombs test (if necessary).

The above investigations are routinely performed for 
neonates with significant jaundice and were not done 
solely for this study. All the details will be entered in a 
pre-structured proforma.

Statistical analysis

The data were collected using the pre-structured pro-
forma, entered into MS Excel, and analyzed using IBM 
SPSS statistic software, version 24 for Windows.

The distribution of study variables was presented 
as frequency and percentage for qualitative data and 
Mean±SD, median, and median for quantitative data.

Independent quantitative data were compared using 
the sample t-test. Comparison of categorical data was 
done by χ2 test. The receiver operating curve (ROC) was 
used to predict the cut-off value of ALP. P<0.05 is taken 
as significant.

Results

A total of 126 neonates meeting the inclusion and ex-
clusion criteria were enrolled in the study. Out of them, 
64 neonates were males, and 62 were females. All neo-
nates were born at term gestation; their mean gesta-
tional age was 38 weeks + 4 days, and their mean birth 
weight was 2.92±0.422 g. Regarding the mode of deliv-
ery, most neonates in this study (66.7%) were delivered 
by lower (uterine) segment cesarean section.

Out of the 126 neonates, 97(77%) developed clinical 
jaundice, and 29(23%) had no jaundice. Among the 97 
neonates with clinical jaundice, 24 required photother-
apy. Non-jaundiced neonates did not require any inter-
vention. Of the neonates with clinical jaundice, 31.7% 
had jaundice up to the abdomen, 27.8% had icterus up 
to the thighs, and only 7.9% had icterus up to the legs. 
All neonates with jaundice up to legs, palms, and soles 
significantly correlated with phototherapy require-
ments.

No statistically significant difference was seen between 
jaundiced and non-jaundiced neonates, comparing the 
sociodemographic features and obstetric characteristics 
like mode of delivery, APGAR score at birth, gender, and 
gestational age. 

The median total bilirubin (TB) level among neonates 
who required phototherapy was 15 mg/dL, and among 
neonates who did not require phototherapy was 12 
mg/dL, which was statistically significant.

Using the Mann-Whitney U test, the median ALP level 
was 179 IU/L among neonates who required photother-
apy and 157 IU/L among neonates who did not, which 
was statistically significant (Table 1).
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A statistically significant correlation was found be-
tween cord blood ALP level and clinical jaundice, with a 
mean of 174 IU/L and a median of 325 IU/L noted in the 
jaundice group. These values were higher than the non-
jaundice group, with a mean of 154 IU/L and a median 
of 184 IU/L (Table 2).

This study shows ALP with an AUC value of 0.665, 
which is satisfactory, as shown in Figure 1. According to 
the ROC curve, a cut-off level of cord blood ALP above 
147 IU/L was found to be the most appropriate cut-off 
level for predicting neonatal jaundice with sensitivity 
of 52%, specificity of 66%, positive predictive value of 
60.47%, negative predictive value of 57.89% and diag-
nostic accuracy of 59%.

Discussion

Neonatal jaundice is a common and benign condition 
during the first week of life. Though most neonatal jaun-
dice cases are physiological and resolve spontaneously, 
a fraction of newborns may remain unnoticed and go 
on to develop severe hyperbilirubinemia requiring 
treatment. This condition may occur due to the early 
discharge of newborns who were born by normal vagi-
nal delivery, inadequate follow-up, limited resources, 
lack of knowledge about severe neonatal hyperbilirubi-
nemia, and parental emotional attachment. The main 
aim of this prospective cohort study was to determine 
whether cord blood ALP can be used as a predictor of 
neonatal jaundice so that early treatment initiation can 
be made, thereby reducing the complications, morbid-
ity, and mortality due to BIND.

Among the 126 healthy term neonates, there was no signif-
icant correlation seen between APGAR score at birth, mode 
of delivery, gender, and gestational age with the develop-
ment of clinical jaundice. This outcome agrees with several 
studies, who concluded no significant relationship between 
gender and significant neonatal hyperbilirubinemia [13-16]. 
In contrast, some studies (Satrya et al., Maisels and Kring, 
and El-Gendy et al.) found a significant correlation between 
gender and neonatal hyperbilirubinemia [17-19]. In terms of 
the mode of delivery, no significant correlation was found 
between the mode of delivery and neonatal hyperbilirubi-
nemia. However, Awasthi and Rehman determined that 
serum bilirubin levels were higher in neonates who were 
delivered by normal vaginal delivery [20].

Comparing the gestational age, this study agreed with 
a study by El-Amin et al., who also found no statistically 
significant correlation, but Watchko et al. concluded 
that neonatal hyperbilirubinemia is less common as 
gestational age increases [21].

Comparison of ALP between jaundiced and non-jaun-
diced neonates showed a significant correlation between 
cord blood ALP and the development of clinical jaundice. 
The mean cord blood ALP level was 174.062±61.55 IU/L in 
jaundiced neonates and 154.10±47.77 IU/L in non-jaun-
diced neonates, which is statistically significant (P=0.0001). 
Eid et al. concluded in their study that the cord blood ALP 
level was higher in neonates with pathological hyperbiliru-
binemia who required treatment. Their mean cord blood 
ALP level in the treatment group vs non-jaundice and the 
non-treatment group was 352.11±53.49 vs 204.89±34.5 
and 217.10±49.51, respectively [5]. 

Table 1. The Mann-Whitney U test showing a comparison between ALP, TB, and phototherapy

Variables
Phototherapy Yes Phototherapy No

P
Median IQR Median IQR

ALP (IU/L) 179 154-220 157 124-188 0.037

TB (mg/dL) 15 14-16 12 11-14 0.0001

ALP: Alkaline phosphatase; TB: Total bilirubin. 

Table 2. Mean and median values of ALP in jaundice and non-jaundice groups

Variable
Mean±SD/Median (Range)

P
Jaundice Non-jaundice

ALP (IU/L)
174.062±61.55 154.10±47.7

0.0001
325 (81-406) 184 (64-248)

ALP: Alkaline phosphatase. 
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In this study, the Mann-Whitney U test showed a sig-
nificant correlation between cord blood ALP level, TSB, 
and phototherapy requirement. The median ALP level 
was around 179 IU/L among neonates who required 
phototherapy and 157 IU/L among neonates who did 
not, which is statistically significant (P=0.037). The me-
dian TB level among neonates who required photother-
apy was around 15 mg/dL, and among neonates who 
did not require phototherapy was around 12 mg/dL, 
which is statistically significant (P=0.0001). This finding 
was in agreement with some studies (Eid et al., Nalban-
toglu et al., and Ahmadpour-Kacho et al.), who identi-
fied a significant correlation between cord blood ALP 
level and jaundiced neonates requiring phototherapy 
[5, 9, 22]. However, Saboute et al. found that although 
ALP level was higher in neonates with pathological jaun-
dice than the neonates without pathological jaundice, 
there was no significant correlation between the ALP 
level and serum bilirubin level [23]. 

In this study, the AUC for ALP was 0.665, which is 
satisfactory. According to the ROC curve of this study, 
the cord blood ALP level above 147 IU/L was the most 
appropriate cut-off value for predicting jaundice, with 
a sensitivity of 52% and specificity of 66%. This find-
ing was not consistent with the ROC curve analysis of 
El-Amin et al. They showed that a cord blood ALP level 
of more than 145 IU/L has a good predictive value for 
identifying significant hyperbilirubinemia with a sensi-

tivity of 72% and specificity of 85.71% [13]. In a study by 
Ahmadpour-Kacho et al., a cord blood ALP level of more 
than 314 IU/L had a sensitivity of 80% and a specificity 
of 63% in determining the risk of neonatal hyperbilirubi-
nemia requiring treatment [22]. In another study by Al 
Assal et al., a cord blood ALP level of more than 314 IU/L 
had a sensitivity of 84.21% and specificity of 84.48% in 
determining the risk of neonatal hyperbilirubinemia re-
quiring treatment [24]. This difference might be due to 
the small sample size, the inclusion of only healthy term 
neonates by us, and the higher cut-off value in their 
studies, which are the limitations of our study.

Several predictors of neonatal jaundice have been 
studied to identify those neonates who are at increased 
risk of developing subsequent hyperbilirubinemia and 
also to shorten the hospital stay of healthy newborns 
born at term gestation.

Deghady et al. found that the cord blood bilirubin-
albumin ratio was the most accurate, followed by cord 
blood bilirubin and cord blood albumin in predicting 
neonatal hyperbilirubinemia. The least accurate was 
cord blood hydrogen peroxide [6]. El Mashad et al. con-
cluded that cord blood albumin levels below 2.8 g/dL 
and cord blood bilirubin level of 1.88 mg/dL can be used 
as an early helpful marker for predicting significant hy-
perbilirubinemia [25]. This finding was not in agreement 
with a study carried out by Carbonell et al., who found 

Figure 1. ROC curve showing AUC for ALP values

Abbreviations: ALP: Alkaline phosphatase; ROC: Receiver operating curve; AUC: Area under curve.
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that a cord bilirubin level of 2.2 mg/dL showed a sensi-
tivity of 22.2% and a negative predictive value of 97.4% 
in predicting subsequent neonatal jaundice [26]. Chou 
et al. studied cord blood hydrogen peroxide. They found 
that a signal level of 2500 counts/10 seconds was the 
most appropriate cut-off value for determining severe 
neonatal hyperbilirubinemia with a sensitivity of 76.2%, 
specificity of 54.8%, and negative predictive value of 
93.3 % [7]. Zahedpasha et al. found that umbilical cord 
alpha-fetoprotein levels had no significant positive as-
sociation with the development of subsequent indirect 
neonatal hyperbilirubinemia [8].

Conclusion

Despite low sensitivity and specificity in this study, 
possibly due to low sample size and low cut-off value, 
cord ALP showed a statistically significant correlation in 
predicting the risk of neonatal hyperbilirubinemia and 
the need for phototherapy. Hence, cord blood ALP can 
be taken as a reliable marker in healthy term neonates, 
such that even if they are discharged early from the hos-
pital, neonates above the cut-off value can be followed 
up on an out-patient basis for timely detection of hyper-
bilirubinemia and initiation of treatment. This finding 
provides a cost-effective screening tool, which may also 
be combined with other predictors for accurately identi-
fying at-risk newborns, especially in resource-restricted 
settings.
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