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Introduction
Jaundice is a yellow colouring of the skin, sclera and 
other body tissues caused by deposition of bilirubin 
in cases of hyperbilirubinemia when bilirubin level 
exceeds 2 mg/dl or 34.2 µmol/l [1]. It is a major health 
problem since around 60% of term and 80% of preterm 
newborns acquire jaundice in the first week of life and 
10% of breastfed babies remain jaundiced for 1 month. 
In addition, jaundice is a common reason for hospital 
readmission after early discharge of newborns [2].

Types of hyperbilirubinemia include direct 
(characterized mainly by excess conjugated bilirubin), 
indirect (characterized mainly by excess unconjugated 
bilirubin) and mixed hyperbilirubinemia. Unconjugated 
or unbound bilirubin is the most prevalent cause of 
neonatal hyperbilirubinemia. It is commonly observed 
due to newborns’ physiological immaturity and their 
inability to tolerate excessive bilirubin generation 
during the neonatal period [3].

High unconjugated hyperbilirubinemia is managed by 
treating the underlying cause if possible, phototherapy 
provision, immunoglobulin administration in certain 
cases of hemolytic anemia and in the very severe cases, 

exchange blood transfusion. If untreated, high levels 
of unconjugated bilirubin can cause lifelong brain 
damage (kernicterus) and/or death [3].

Hypocalcemia which is defined as total blood calcium 
of less than 8  mg/dl  (2 mmol/l) in term neonates 
is one of the findings observed in some studies 
during phototherapy. However, the results of these 
studies were not conclusive. Hypocalcemia during 
phototherapy might be caused by transcranial light 
inhibiting the pineal gland, resulting in a decrease in 
melatonin levels. Melatonin increases corticosterone 
secretion, which lowers calcium deposition in bones. 
So, when melatonin level is decreased hypocalcemia 
develops [4].

Hypocalcemia can cause severe symptoms such 
as convulsions, irritability, apnea, jitteriness, 
and laryngospasm. Thus, phototherapy‑induced 
hypocalcemia can be a serious problem in neonates [5].
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The study aimed to see how phototherapy affects 
blood calcium levels in newborns with unconjugated 
hyperbilirubinemia after being exposed to it for 48 h.

Patients and methods
This study is an interventional single‑arm study 
conducted on jaundiced 40 full‑term neonates  (24 
of them are males and 16 are females) who 
received phototherapy for neonatal indirect 
hyperbilirubinemia  (exaggerated physiological 
jaundice) in Neonatal ICU of Children’s Hospital at 
Assiut University in the period between February 2020 
to February 2022.

The research was examined and approved by 
Committee of Medical Ethics of Faculty of Medicine, 
Assiut University on June 15, 2020.

IRB NO: 17101100

After approval of the ethical committee, informed 
consents were acquired from the parents of the selected 
newborns. Patients whose parents refused their 
enrollment were excluded and their decision did not 
affect the medical care of their children.

Inclusion criteria
All cases chosen were icteric, stable full‑term neonates 
managed with phototherapy and were full strength 
formula fed or breast fed.

Exclusion criteria
We excluded any jaundiced neonate suffering 
from hypocalcemia, hypothyroidism, congenital 
abnormalities, requiring exchange transfusion, other 
severe sickness as perinatal asphyxia, severe RDS, 
severe sepsis or hemolytic disease of newborn and 
babies of diabetic mothers.

Control
No control group was taken.

Study tools
Neonatal incubators and Phototherapy source (single, 
double and capsules).

Intervention
Patients in the studied group were placed naked 
while covering their eyes and genitalia at a 40–50 cm 
distance from phototherapy unit receiving continuous 
phototherapy in neonatal incubators with changes in 

their positions from time to time. The phototherapy unit 
used was blue light lamps, 20 W, which supplies spectral 
irradiance of 5 mW/cm2/nm at 450–470 nm/cm2. Type 
of phototherapy each neonate received (single, double 
or capsule) was recorded and compared to indicate the 
relation between phototherapy intensity and serum 
calcium level changes. Each case was subjected to 
detailed history taken from the parents (gestational age, 
mode of delivery, detailed prenatal and natal history, age 
on admission and day of onset of jaundice and family 
history of neonatal jaundice) and clinical examination 
including general and local examination with special 
emphasis on weight, length, head circumference and 
manifestations of hypocalcemia (jitteriness, irritability 
and convulsion). Laboratory investigations included 
total serum bilirubin before and 48  h after receiving 
phototherapy, total serum calcium before and after 48 h 
after phototherapy, blood group to infants and their 
mothers, reticulocytic count and hemoglobin level. 
Following that, all data were recorded and statistically 
analysed to detect hypocalcemia as a complication of 
phototherapy.

Statistical analysis
We used the Statistical package for social 
sciences (SPSS) version 24 software for windows (SPSS 
Inc., Chicago, IL, USA) to analyse the data. Frequencies 
and percentages were used to describe categorical data 
while numerical data, when were normally distributed, 
were described as means and standard deviations. 
Kolmogrov‑Semornov test was used for testing the 
normality of numerical variables distribution. The 
association between categorical variables was assessed 
by Chi  square test. Paired sample t‑test was used to 
assess the association between 2 paired numerical 
variables. Statistical significance was defined by a 
P value less than 0.05.

Results
40 neonates were hospitalised at Neonatal Intensive 
Care Unit of Children’s Hospital, Faculty of 
Medicine, Assiut University in the period between 
February 2020 and February 2022 with neonatal 
jaundice and fulfilling our inclusion criteria. 
Management via phototherapy was required for 
all these patients (Table 1 and Fig. 1).

On admission, we found that mean levels of total 
bilirubin were 13.46 ± 4.77 mg/dl, while their mean 
indirect bilirubin levels were 12.52 ± 4.17 and mean 
direct bilirubin levels were 0.94  ±  0.55. Their mean 
total Ca levels were 9.72  ±  0.58  mg/dl, while their 
mean ionised Ca levels were 1.19 ± 0.11 mg/dl.
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Concerning serum Ca levels, we found that their total 
serum Ca levels significantly decreased over admission 
period from 9.72  ±  0.58 to 9.41  ±  0.47  mg/dl. This 
difference was statistically significant  (P  <  0.001). 
Similarly, ionized serum Ca levels significantly 
decreased over admission period from 1.19  ±  0.11 
to 1.07  ±  0.12  mg/dl. This was also statistically 
significant (P < 0.001) as shown in Table 2.

A weak positive correlation between Serum Ca 
level and age on admission was found  (Pearson 
correlation coefficient  =  0.02). On the other hand, 
the correlation was moderately positive between 
post‑treatment Serum Ca level and each of the 
following; weight, head circumference and baby 
length (Pearson correlation = 0.02, 0.166, 0.170, 0.205) 
respectively. However, none of those was statistically 
significant (P = 0.901, P = 0.307, P = 0.293, P = 0.212). 
We also found that serum total Ca was slightly higher 
among those neonates fed through a combination 
between breast milk and formula feeding than those 
fed via only formula milk (9.55 ± 0.37 vs. 9.39 ± 0.48) 
respectively as shown in Table 3.

We also analyzed the correlation between post‑treatment 
ionised Serum Ca level and sociodemographic 
characteristics and noticed that: There was a weak 
negative correlation between ionised serum Ca level 
and age on admission  (Pearson correlation coefficient 
=−0.082). This was statistically insignificant (P = 0.614). 
On the other hand, the correlation was moderately 
negative between post‑treatment ionised serum Ca level 
and each of the following; gestational age, weight, head 
circumference and baby length  (Pearson correlation 
=−0.139, −0.283, −0.180, −0.298), respectively. However, 
none of those was statistically significant  (P  =  0.391, 
P = 0.077, P = 0.268, P = 0.065). We also found that 
ionised serum Ca level was slightly higher among 

males compared to females (1.09 ± 0.12 vs. 1.04 ± 0.13) 
respectively. However, this was also statistically 
insignificant (P = 0.201). We also found that ionised serum 

Table 2 Change in laboratory tests over admission period
Lab test On admission 48 h post admission P
Total bilirubin 13.46±4.77 9.89±3.62 <0.001
Direct bilirubin 0.94±0.55 0.81±0.43 0.458
Indirect bilirubin 12.52±4.17 9.09±3.47 <0.001
Total Ca 9.72±0.58 9.41±0.47 <0.001
Ionised Ca 1.19±0.11 1.07±0.12 <0.001
Paired sample t‑test

Table 3 Correlation between serum total Ca level and 
sociodemographic characteristics
Variable Total serum Ca level P
Age on admission (hours) 0.02* 0.901
Gender

Male 9.52±0.52 0.064
Female 9.24±0.33

Mode of delivery
NVD 9.18±0.46 0.122
CS 9.46±0.46

Gestational age (week) −0.157* 0.334
Weight (Kg) 0.166* 0.307
Head circumference (Cm) 0.170* 0.293
Length (Cm) 0.205* 0.212
Feeding type

Formula feeding 9.39±0.48 0.522
Breast & formula 9.55±0.37

*Pearson correlation coefficient.

Table 1 Sociodemographic characteristics of included 
neonates (n=40)
Variable Mean±SD Minimum–Maximum
Gestational age in weeks 37.8±0.82 37–41
Age in hours 61.03±39.78 12–168

Number (Percentage)
Gender

Male 24 (60%)
Female 16 (40%)

Mood of delivery
Normal vaginal delivery 8 (20%)
Cesarian section 32 (80%)

Blood group of Baby
A‑ve 4 (10%)
A+ve 7 (17.5%)
AB+ve 1 (2.5%)
B‑ve 2 (5%)
B+ve 10 (25%)
O‑ve 3 (7.5%)
O+ve 13 (32.5%)

Blood group of Mother
A‑ve 1 (2.5%)
A+ve 9 (22.5%)
AB+ve 8 (20%)
B‑ve 0 (0%)
B+ve 13 (32.5%)
O‑ve 0 (0%)
O+ve 9 (22.5%)

67.50%

12.50%

17.50%

2.50%

Single

Double

Capsule

Condenser

Used phototherapy among included patients.

Figure 1
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Ca level was slightly higher among patients delivered 
through NVD when compared with those delivered via 
CS (1.09 ± 0.09 vs. 1.06 ± 0.13), respectively. However, 
this was statistically insignificant (P = 0.512). We also 
found that serum total Ca was slightly lower among 
those neonates fed through a combination between 
breast milk and formula feeding than those fed via only 
formula milk (1.04 ± 0.05 vs. 1.07 ± 0.13), respectively. 
However, this was statistically insignificant (P = 0.561) 
as shown in Table 4.

Discussion
We enrolled 40 neonates hospitalised in Neonatal 
Intensive Care Unit  (NICU) of Children’s 
Hospital, Assiut University with neonatal jaundice 
treated via phototherapy; their mean age was 
61.03 ± 39.78 h (2.5 ± 1.66 days).

These findings in comparison with many studies that 
discussed the same topic; as Bahbah et al. [6], where 
the mean postnatal age was 4.26 ± 1.12 days and Khan 
et al. [7], as their mean age was 8.35 ± 6.74 days.

Boskabadi et al. [8], found that; the incidence age of 
newborn jaundice was between 2 and 3  days after 
delivery in the majority of cases. Yet, the neonate’s age 
of referral was between 6 and 8 days after delivery. The 
parents seek medical advice about 4  days after they 
noticed jaundice. Moreover, babies 72  h and older 
had a statistically significant increased chance to be 
diagnosed with neonatal jaundice. This corresponds 
to the natural course of physiological jaundice, which 
typically peaks between days 3 and 5 after delivery and 
subsequently returns to normal by day 10 [9].

There was a male predominance among admitted 
neonates in our study with a prevalence of 60% of 

admitted neonates, in agreement with Shitran and 
Abed [10], study as males were predominant (60.4%) 
with a male to female ratio being 1.54:1, in the same 
line Boskabadi and Navaei [11], showed that bilirubin 
level was higher among male neonates, compared to 
females and Khan et  al.  [12], study that found male 
predominance also (62.6% males).

Regarding mode of deliveries, we found that most 
admitted neonates (80%) were delivered via Cesarean 
section (CS). In harmony with Brits et al. [13], where 
the majority of infants in their research (64.6%) were 
delivered through cesarean section. Normal vaginal 
birth, on the other hand, was related with significantly 
higher newborn jaundice (P = 0.04). Our findings are 
also in line with Bahbah et al. [6], study conducted in 
Egypt as 60% of neonates with jaundice were delivered 
by CS however they did not report a significant 
difference for jaundice when compared with control 
group.

El‑Sayed et  al.  [14], found that the percentage of 
instances of infant jaundice in CS was 17.4% and 
10.2% in normal delivery, with a statistically significant 
difference  (P  =  0.004) between the two moods of 
delivery.

Another study by Chang et al. [15], found that bilirubin 
levels were considerably greater in infants with normal 
delivery than in those with CS [16].

Our patients’ mean gestational age was 37.8 ± 0.82 weeks 
and their mean weight was 2.92 ± 0.33 kg.

In agreement with Shahriarpanah et al. [17], as the mean 
gestational age was recorded to be 38.14 ± 0.83 weeks 
and the mean weight during the hospital stay was 
3.1 ± 0.3 kg.

Phototherapy is widely known for its usefulness in the 
treatment of neonatal jaundice.

In the present study, total bilirubin levels have 
significantly decreased over  48  h of admission from 
13.46  ±  4.77 to 9.89  ±  3.62  mg/dl  (P  <  0.001). 
Similarly, following 48 h of admission, serum indirect 
bilirubin levels decreased significantly from 12.52 4.17 
to 9.09 3.47 (P < 0.001).

In line with Shahriarpanah et  al.  [17], the average 
level of serum bilirubin in infants measured at two 
different times (hospitalisation and discharge) showed 
a significant decline in the level of bilirubin; the 
level of bilirubin in those infants after phototherapy 
had an average value of 8.53  ±  1.6 µmol/l, 
which was less than that of hospitalisation time 
15.19 ± 2.24 µmol/l (P < 0.05).

Table 4 Correlation between serums ionised Ca level and 
sociodemographic characteristics
Variable Ionised serum Ca level P
Age on admission (hours) −0.082* 0.614
Gender

Male 1.09±0.12 0.201
Female 1.04±0.13

Mode of delivery
NVD 1.09±0.09 0.512
CS 1.06±0.13

Gestational age (weeks) −0.139* 0.391
Weight (Kg) −0.283* 0.077
Head circumference (Cm) −0.180* 0.268
Length (Cm) −0.298* 0.065
Feeding type

Formula feeding 1.07±0.13 0.561
Breast & formula 1.04±0.05

*Pearson correlation.



Effect of phototherapy on serum level of calcium Ali et al.  147

Before phototherapy the newborns in Jagannath [18], 
study, included 60 neonates, had a mean serum 
bilirubin level of 15.2  ±  1.25  mg/dl. After 
phototherapy, the mean serum bilirubin level was 
11.2  ±  2.6  mg/dl. The difference between these 
before and after phototherapy was also statistically 
significant (P = 0.05).

For serum Ca levels, we noticed that total blood Ca 
levels significantly decreased over admission period 
from 9.72 ± 0.58 to 9.41 ± 0.47 mg/dl (P < 0.001), as 
well as ionised serum Ca levels significantly decreased 
over  48  h from admission and phototherapy from 
1.19 ± 0.11 to 1.07 ± 0.12 mg/dl (P < 0.001) but no 
one developed hypocalcemia.

In many studies as Karamifar et  al.  [19], and 
Ehsanipour et  al.  [20], mentioned 8.7% and 15% 
hypocalcemia respectively in newborns receiving 
phototherapy.

Alizadeh‑Taheri et al. [4], found that out of 147 term 
neonates, about 56% had a decline in serum calcium 
level following phototherapy and that 7% developed 
hypocalcemia after the 48 h of phototherapy.

In our study, we assessed the correlation between 
serum ca and different variables  (age on admission, 
gender, age of gestation, delivery mood, feeding type, 
weight, head circumference and length). However, 
none of these variables had a significant correlation 
with calcium level. In Khan et al. [7], study, stratified 
analysis was performed revealed that hypocalcemia was 
not significant regarding the different age groups, sex, 
gestational age, duration of jaundice and duration of 
phototherapy.

Suggestions for possibly preventing hypocalcemia in 
phototherapy‑treated neonates include giving them 
oral calcium as prophylaxis or covering their heads and 
occipital area with a special hat during phototherapy so 
that the light of phototherapy do not affect newborns’ 
pineal gland and, as a result, melatonin is not affected 
and hypocalcemia is prevented [6].

Conclusion
Phototherapy significantly decreases serum calcium 
level in neonatal jaundice after 48  h of exposure to 
phototherapy.
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