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Alkaline phosphatase and neonatal hyperbilirubinemia 
– correlations and cutoff values
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ABSTRACT 
Introduction. Since the second half of the eighteenth century, neonatal jaundice has been a widely debated topic 
and the first records on neonatal jaundice were made in antiquity. Although it is a common pathology, in some cases 
it can be severe, leading to bilirubin encephalopathy. In recent years, many studies have tried to correlate and to 
identify predictive factors for the occurrence of severe hyperbilirubinemia. The most recent associations have been 
made with the level of alkaline phosphatase because it is a ubiquitous enzyme with an important role in hepatic me-
tabolism. 
Material and method. A study on a group of 250 full-term, normal-weight newborns without associated pathologies 
was performed. The aim of the study was to determine the alkaline phosphatase values at birth, transcutaneous bili-
rubin values at 24 and 48 hours after delivery and the need of phototherapy as treatment. 
Results and conclusions. A high statistical correlation was demonstrated between elevated alkaline phosphatase 
values, measured in the umbilical cord blood and neonatal jaundice. A cutoff value for alkaline phosphatase corre-
lated with the need for phototherapy was also determined.
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INTRODUCTION

Jaundice is a common problem in neonatal period, 
sometimes overlooked, which can cause severe neu-
rological sequelae in the absence of appropriate treat-
ment. About 85% of full-term newborns and most 
premature infants develop clinical jaundice (1). Jaun-
dice represents the yellowing of the skin and mucous 
membranes due to the accumulation of bile pigments 
(bilirubin) in the blood and deposition in the tissues. 
Specifically, jaundice occurs when the liver cannot 
remove enough bilirubin from the blood (2). Total  
serum bilirubin results from the difference between 
bilirubin production and excretion. The clinical mani-
festations of jaundice range from discrete yellow col-
oration of the skin and sclera to the most severe forms 
of acute or chronic bilirubin encephalopathy (3). In 
recent years, many attempts have been made to estab-
lish clinical correlations between bilirubin levels and 

other enzymes in order to determine early predictable 
factors for severe hyperbilirubinemia (4). Thus,  
altered alkaline phosphatase (AP) values have been a 
major research topic in recent decades, studied in re-
lation with many disorders. Alkaline phosphatase 
plays an important role in the hepatic metabolism and 
bone development (5). It is used both as a biomarker 
that helps diagnose several pathologies, such as hepa-
titis or osteomalacia, and recently as a substitution 
therapy in some diseases such as perinatal hypophos-
phatemia and ulcerative-necrotic enterocolitis in pre-
term infants (6).

MATERIAL AND METHOD 

This was a prospective cohort study conducted at 
Filantropia Hospital between January and June 2019. 
The study included 250 full-term normal neonates, 
delivered after 37 weeks of gestation, without other 
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associated pathologies. ABO or Rh system incompat-
ibilities, hemolytic and metabolic diseases were  
excluded. A sample of approximately 2 ml of venous 
cord blood was collected from each infant in order to 
perform a full blood count and to determine the blood 
group, Rh type and alkaline phosphatase level.

A database was created and analyzed using IBM 
SPSS 20. The examined variables were nominal (gen-
der, type of birth, need for phototherapy) and continu-
ous or discrete quantitative variables (gestational age, 
Apgar score at 1 minute and 5 minutes, birth weight, 
alkaline phosphatase, transcutaneous bilirubin values 
at 24 and 48 hours and number of days of hospitaliza-
tion). For quantitative variables we determined the 
central tendency (the mean and median) and the vari-
ability (standard deviation), while for qualitative vari-
ables, absolute frequencies and percentages/propor-
tions were used.

To test the statistical significance, we used the  
t test for variables with parametrical distribution and 
Mann-Whitney test for non-parametrical variables. 
The significance level was considered for p value  
< 0.05. 

To determine the cutoff value (the value with the 
highest sensitivity and the lowest value for 1-Speci-
ficity), ROC (receiver operator chart) curves were de-
rived which show the totality of the potential combi-
nations of specificity and sensitivity for each value of 
the parameter (in this case alkaline phosphatase). The 
accuracy indicator of the test used, respectively the 
area under the curve (AUC) was 0.98. The closer this 
indicator is to 1, the better the test distinguishes  
between those who will need phototherapy and those 
who will not need phototherapy. The 95% CI for AUC 
was 0.97 and 0.99.

The study was conducted with the approval of the 
Fliantropia Clinical Hospital Ethical Committee and 
the informed consent was obtained from the legal rel-
atives.

RESULTS

The study included 250 healthy newborns who 
were monitored for alkaline phosphatase levels, deter-
mined from umbilical cord venous blood immediately 
after birth and subsequent evolution of transcutaneous 
bilirubin levels. Alkaline phosphatase values ranged 
from 145 U/l to 602 U/l with a mean of 282.69 U/l 
(SD +/- 62.15 U/l) and a median of 298 U/l. The step 
of the histogram was 25 U/l with the maximum num-
ber of subjects being in the range of 325-350 U/l.

The newborns were divided into two groups ac-
cording to the need for phototherapy. For 87.60% of 
the subjects (n = 219) there was no need for treatment, 

while for the remaining 12.40% (n = 31) phototherapy 
was required.

FIGURE 1. The percentage of neonates with and without 
phototherapy

For neonates who did not require phototherapy, 
gestational age at delivery ranged from 37 to 41 weeks 
with a mean of 38.9 weeks (SD +/-1.36 weeks) and a 
median of 39 weeks. In neonates receiving photother-
apy, gestational age at delivery ranged from 37 to 41 
weeks with a mean of 39.1 weeks (SD +/- 1.33 weeks) 
and a median of 39 weeks. Box-plot graph and  
Kolmogorov-Smirnov normality tests show that the 
values have a parametric distribution. The t test for 
independent samples showed that there was no statis-
tically significant difference between the mean values 
of gestational age of the groups with and without ther-
apy (t = -1.04, p = 0.29).

In neonates without phototherapy, birth weight 
ranged between 2,500 and 4,050 g with a mean of 
3,043.1g (SD +/- 303.23 g) and a median of 3,050 g. 
In newborns for whom phototherapy was required, 
birth weight ranged between 2,550 and 3,950 g with a 
mean of 3101.6 g (SD +/- 298.74 g) and a median of 
3,150 g. The t test, applied for independent samples, 
showed that there was no statistically significant dif-
ference between birth weight values depending on the 
presence/absence of treatment (t = -1.01, p = 0.31).

In neonates who did not require phototherapy, al-
kaline phosphatase values ranged from 145U/l to 417 
U/l, with a mean of 268.9 U/l (SD +/- 48.61 U/l) and 
a median of 288.7 U/l. In neonates requiring photo-
therapy, alkaline phosphatase values were between 
320 U/l and 602 U/l with a mean of 379.7 U/l (SD 
+/- 61.52 U/l) and a median of 356 U/l (Figure 2). We 
applied the t test which showed that the average alka-
line phosphatase values in neonates who required 
phototherapy were significantly higher compared to 
those in neonates for whom no phototherapy was per-
formed (t = -11.47, p = .00 with a significant size of 
Cohen’s effect of 1.99).

 Transcutaneous bilirubin (TB) values at 24 hours 
ranged between 4.1 and 7.8 mg/dl with a mean of 5.8 
mg/dl (SD +/- 0.79 mg/dl) and a median of 5.8 mg/dl. 
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TB values at 48 hours were between 5.3 and 14 mg/dl 
with a mean of 10.51 mg/dl (SD +/- 1.54 mg/dl) and a 
median of 10.30 mg/dl. Outlier values were observed 
among the TB values at 48 h (Figure 3). The t test for 
independent samples showed that the mean TB values 
at 48 hours was statistically significantly higher than 
that measured at 24 hours (T= -43.04, p = .00).

Based on the results obtained with a high statistical 
significance, the cutoff value of alkaline phosphatase 
was determined. Thus, for the area under the curve of 
0.98, the cutoff value for alkaline phosphatase was 
319.55 U/l (sensitivity 97% and 1-specificity = .06 
(false positive) so specificity = 94%).

FIGURE 2. Box-plot chart for alkaline phosphatase values in the groups with and 
without phototherapy

FIGURE 3. Transcutaneous bilirubin values at 24 and 48 hours
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DISCUSSIONS 

Jaundice is a common disorder in neonates, usu-
ally without major implications, but which can rarely 
lead to serious complications. Elevated bilirubin lev-
els require immediate treatment to prevent its poten-
tial toxic effects. In recent years, studies have focused 
on the non-invasive measurement of bilirubin, respec-
tively the measurement of bilirubin value in the skin 
(transcutaneous bilirubin). It has been shown that here 
is a good correlation between transcutaneous and  
serum bilirubin values in mixed populations and in-
fants irrespective of gestational age, including pre-
term neonates at less than 32 weeks gestation (7,8) 
and this method significantly reduces the need of ve-
nous punctures (9). Therefore, in our study we corre-
lated the values of transcutaneous bilirubin measured 
at 24 and 48 hours of life, with the values of alkaline 
phosphatase.

The values of transcutaneous bilirubin indicating 
the need for phototherapy treatment were the same as 
those in the study conducted by Fouzas et al. in 2010 
(10).

The alkaline phosphatase level is greatly influ-
enced by growth, changes in bone metabolism and in 
the hepatobiliary system and it depends on age and 
sex, especially during childhood and puberty. Due to 
this variability, it is important to determine when 

phosphatase values are pathologically or physiologi-
cally increased, correlated to age and sex. In 2017, 
Zierk and collaborators conducted a study for the  
correct interpretation of alkaline phosphatase values 
according to age and sex (11). The alkaline phos-
phatase reference values used in our study were 
adapted to the age and sex of the newborn. 

Pathologically increased values are encountered 
in: biliary obstruction, disorders involving increased 
osteoblast activity (such as bone Paget’s disease),  
elevated calcium levels (such as hyperparathy-
roidism), vitamin D3 deficiency, hepatocyte damage, 
celiac disease. Placental phosphatase isoenzyme may 
increase in malignant tumors such as seminomas (12). 
Lower phosphatase levels are less common.

In recent years, several studies have been conduct-
ed in an attempt to determine a correlation between 
the neonatal jaundice and alkaline phosphatase val-
ues. In 2017, Al Assal and colleagues published the 
first study on the correlation of alkaline phosphatase 
values in the umbilical cord blood and the evolution 
of neonatal jaundice (13). The study included 200 
full-term newborns and the results showed that all  
infants with elevated alkaline phosphatase levels  
required treatment for hyperbilirubinemia.

In our study, a statistically significant difference 
was observed between the alkaline phosphatase val-
ues collected from the umbilical cord between the two 

FIGURE 4. ROC curve of alkaline phosphatase
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groups. In the group without phototherapy the values 
were between 145 IU/l and 417 IU/l while in the 
group that needed treatment the values were more in-
creased between 320 IU/l and 602 IU/l. The mean val-
ues in the treatment group were 379.73 +/- 61.52 IU/l, 
which although high is different from the values of the 
study of Eid et al (14) in which the value was 352.11 
± 53.49 IU/l or of Abbasian et al. (15), in which the 
value was 314.34 ± 122.42 IU/l. These values support 
the hypothesis of Nalbantoglu et al. (16) that correlate 
elevated alkaline phosphatase values with neonatal 
hyperbilirubinemia and the need for phototherapy. 
The difference between his study and our study is that 
they measured alkaline phosphatase values at 6 hours 
of life of the newborn, and our values were recorded 
at birth.

Like the presented studies, our research focused on 
determining a cutoff value of alkaline phosphatase to 
use as early as possible as a predictive factor for the 
subsequent evolution of jaundice.

Also in 2019, Elmonem and colleagues conducted 
a study on 100 neonates born after 35 weeks of gesta-
tion showing that alkaline phosphatase levels can be a 
good predictor of severe jaundice and can predict its 
onset (17). Also in our study we found a statistically 
significant difference in the number of days of hospi-

talization, which was higher in the group of newborns 
who needed phototherapy. This conclusion is the 
same as in the study by Satrya et al. (18), in which he 
described a longer hospitalization period of about 2-3 
days in the treatment group.

This current research has the advantage of includ-
ing a significant number of patients (250 newborns) 
because it was conducted in a grade 3 maternity hos-
pital. The limitations of the study were the inclusion 
of only normal weight patients at term and the short 
duration of research.

CONCLUSIONS

The current study shows that high values of alka-
line phosphatase are associated with neonatal hyper-
bilirubinemia and consequently with the need for 
phototherapy. Beyond the early identification of new-
borns at risk of developing severe forms of neonatal 
jaundice requiring phototherapy, the results of the 
present study might have an impact on shortening the 
average length of hospital stay for healthy newborns 
at term. Although the calculated cutoff value can be 
an important and applicable predictable marker, it  
requires further research on a larger population and 
over a longer period of time.
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