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Normal calcium levels in neonates are crucial for preventing hypocalcemia. Phototherapy
disrupts melatonin secretion, enhancing cortisol-induced hypocalcemia and urinary calcium
excretion. Objectives: To determine the effect of phototherapy on serum calcium levels and its
association with the incidence of hypocalcemia in term neonates with indirect
hyperbilirubinemia. Methods: A descriptive case series was carried out in the Department of
Pediatrics, Islamic Teaching Hospital, Sialkot, between Nov 5, 2023, and April 4, 2024. A total of
134 newborns who met the study's inclusion and exclusion criteria were enrolled. Demographic
information, including name, age, sex, weight, and address, was noted. Three milliliters of
venous blood were drawn before the commencement of conventional phototherapy and
following forty-eight hours of nonstop phototherapy. The sample was subsequently transferred
to alaboratory for the measurement of calcium and serum indirect bilirubin levels. All data was
collected through a well-designed proforma. Results: A Total of 134 patients, 77 (57.5%)
belonged to the age category of 0-15 days, while 57(42.5%) belonged to the age group of 16-28
days. The mean age of the patients was determined to be 14.32 + 5.25 days. There were 66
(49.3%) female and 68 (50.7%) male. The percentage of hypocalcemia was 31(23.1%) in term
neonates receiving phototherapy for indirect hyperbilirubinemia. Conclusions: It was
concluded that the percentage of hypocalcemia was 31(23.1%) in term neonates receiving
phototherapy for indirect hyperbilirubinemia. Phototherapy effectively reduces serum bilirubin
levelsbutisassociated with asignificantdecline in serum calcium, suggestinga potential risk of
hypocalcemiainneonates.

INTRODUCTION

Normal levels of calcium in the body are very important in
neonates not only to carry out normal physiological
processes in body like maintaining the integrity of cell
membrane, mineralization of bone, coagulation of blood
and as a cofactor for the functioning of many enzymes, but
also to prevent them from the adverse effects of
hypocalcemia. Calcium's majorreservoirinthe bodyisbony
tissue, and the rest is present in extracellular fluid. About
50% of the extracellular fluid contains ionized calcium,
whereas forty percent is complexed with albumin, and
about ten percent is bound to ions such as citrate,
phosphate, sulphate and lactate [1]. Changes in serum
levels of phosphate, magnesium, albumin, and bicarbonate
all affect measured serum calcium levels. The body's total
calcium levels are affected by changes in albumin

concentration, but this does not affect ionized calcium
levels. Overall serum calcium levels typically drop by 0.8
mg/dL for every 1.0 g/dL drop in serum albumin levels [2].
Cyanosis, apnea, reluctance to feed, focal or generalized
convulsions, carpopedal spasm, irritability, jitteriness,
vomiting, prolongation of QT interval withresultant torsade
de pointes are all clinical manifestations of hypocalcemia.
Early-onset of neonatal hypocalcemia is frequently
clinically asymptomatic [3]. For the prevention and
treatment of hyperbilirubinemiain neonates, phototherapy
has a key role. It causes a decline in the level of serum
bilirubin by convertingitintoisomersthatare water soluble
and thus can be easily removed from the body without
conjugation in the liver [4]. Type of light source used i.e.,
fluorescent, LED or halogen, distance between neonate
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and the light source, treated surface area, etiology of
jaundice, and total serum bilirubin level before
phototherapy are among the notable factors which alter
the efficacy of phototherapy. Nevertheless, phototherapy
has its own side effects which include diarrhea,
dehydration, erythematous skin rash, damage to DNA,
retinitis, hyperthermia [5]. Phototherapy results in
inhibition of pineal gland secretion of melatonin by
transcranial illumination. Melatonin prevents cortisol from
having its hypocalcemia-causing impact. As a result, low
serum melatonin levels allow cortisol's actions to go
unchecked, which leads to the development of
hypocalcemia. Moreover, phototherapy is also associated
withincrease urinary calcium excretion. Although neonatal
hypocalcemia is a potentially fatal condition, laboratory
hypocalcemia is often inconsistent and asymptomatic. In
addition, it varies depending on gestational age (GA) and
perinatal disease [6]. According to a study done in 2016,
following 48 hours of phototherapy, the incidence of
hypocalcemia in full-term infants with hyperbilirubinemia
was around 22.76% (28/123)[4]. A study carried out in Iran
reported about 7% of full-term neonates subjected to
phototherapy hypocalcemia [7]. According to another
study, 20.3% of term newborns experienced hypocalcemia
following phototherapy [8]. Another study suggested that
the prevalence of hypocalcemia to be very low in term
neonates, i.e. only 2.5% [9]. In India, a study suggested a
significant decrease in the levels of serum calcium after
receiving phototherapy at a p value of 0.014, in 18 out of 30
termneonates(60%)[10]. The study of Saeed et al., showed
that 34.5% developed Hypocalcemia after 48 hours of
phototherapy in term neonates [4].Phototherapy,
commonly utilized for treating neonatal jaundice, can
interfere with calcium balance by inhibiting melatonin
production. This leads to an unregulated hypocalcemia
effect from cortisol. Furthermore, it has been linked to
higher urinary calcium excretion, which further
exacerbates calcium depletion. Although it was noted a
significant decrease in serum calcium levels was noted
after phototherapy, the results have been inconsistent,
influenced by factors such as gestational age and perinatal
conditions [12]. This study is driven by inconsistencies in
existing literature regarding the impact of phototherapy on
serum calcium levels. While some studies report a
significant decline, others present variable findings,
highlightingagapinunderstandingits effects. Additionally,
limited research exists on the long-term clinical
consequences and the identification of high-risk
subgroups. Addressing these gaps is crucial for optimizing
neonatal care and minimizing potential risks associated
with phototherapy.

The existing literature shows inconsistent findings
regarding the effect of phototherapy on serum calcium
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levels in term neonates with indirect hyperbilirubinemia.
Some studies reported a significant decline in calcium
levels after phototherapy, while others observed minimal
orvariable effects, particularly across different gestational
ages and neonatal conditions. Limited local Pakistani data
are available regarding the frequency of phototherapy-
induced hypocalcemia and its associated risk factors in
term neonates. This study aims to determine the effect of
phototherapy on serum calcium levels and its association
with the incidence of hypocalcemia in term neonates with
indirect hyperbilirubinemia.

METHODS

The study was a descriptive case series conducted at the
Department of Pediatrics, Islam Teaching Hospital, Sialkot,
after getting the ethical approval (900/IMC/ERC/000103).
The research spanned six months, from November, 2023,
to April, 2024. With the use of the World Health
Organization sample size calculator, 134 neonates made up
the sample, which was considered a 95% confidence level,
8% absolute precision, and an expected incidence of
hypocalcaemia at 66.6% [11]. Nonprobability consecutive
sampling was used in this study. Parental or guardian
written and informed consent was obtained after
explaining the study's purpose, procedures, and risks.
Ethical approval was secured, and healthcare providers
addressed concerns about blood sampling by explaining
the safety measures. The study'sinclusion criteriaincluded
neonates of both sexes who had normal serum calcium
levels between 8.5 and 12 mg/dl before the start of
phototherapy, as well as those who presented with indirect
hyperbilirubinemia (bilirubin levels >5 mg/dl) and needed
phototherapy for at least one day. The exclusion criteria
included neonates with indirect hyperbilirubinemia
necessitating exchange transfusion as indicated by the
phototherapy chart, as well as those with conditions such
as ABO/RH incompatibility, Glucose-6-Phosphate
Dehydrogenase deficiency, intrauterine growth restriction
(IUGR), obvious congenital malformations, or a birth weight
of less than 2.5 kg. Additionally, neonates suffering from
asphyxia neonatorum, cardiopulmonary distress, sepsis,
or those born to diabetic mothers were excluded. Any
newborn who developed complications during the study,
such as septicemia, or whose mother had a history of
takinganticonvulsantsduring pregnancy or had other high-
risk factors, was also excluded from the study. The study's
operational definitions were as follows. An increase of 5
mg/dl of indirect bilirubin in the serum was considered
indirect hyperbilirubinemia [13]. Less than 8.5 mg/dl of
total calcium in the serum was deemed hypocalcaemia
[14]. Term neonates were identified as those with a
gestational age ranging from 37 to 42 completed weeks,
determined from the 1st day of the last day of menstrual
cycle, and who were aged between 0 to 28 days of life.
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Phototherapy was described as the application of blue light
with a wavelength of 420-470 nm, administered at a
distance of 15-20 cm, specifically used for the treatment of
indirect hyperbilirubinemia [13]. For every newborn, a
thorough history and pertinent examination were
conducted. Gestational age was estimated, using the LMP,
which was assessed from history. Three milliliters of
venous blood were drawn before to commencement of
phototherapy and following forty-eight hours of
uninterrupted phototherapy. The sample was sent to a
laboratory to measure the levels of calcium and indirect
bilirubin in the serum. Serum bilirubin was measured to
determine phototherapy eligibility, while serum calcium
was assessed to establish a baseline due to the potential
risk of hypocalcemia. The data of patients like age, gender,
gestational age, incidence of hypocalcemia, serum
calcium level and serum bilirubin levels were recorded on a
predesigned Performa. Hypocalcemia was recorded as per
operational definition. All the data were analyzed in SPSS
version 20.0. Categorical variable such as gender,
incidence of hypocalcemia was described as frequency
and percentage. Continuous variables such as age, serum
calcium level, serum bilirubin levels, gestational age were
presented by a mean and standard deviation. To control
effect modifiers, the data were stratified by age, gender,
and gestational age. Following stratification, a Chi square
test had been applied. The comparison of pre and post
serum Bilirubin and calcium levels were assessed by paired
sample ttest. Asignificant p-value was defined asless than
0.05.

RESULTS

In order to ascertain the occurrence of hypocalcemia in
term newborns receiving phototherapy for indirect
hyperbilirubinemia, 134 individuals who met the conditions
for inclusion and exclusion were enrolled in the study. The
patients' ages were distributed as follows: of the 134
patients, 77(57.5%) were in the 0-15-day age group, and 57
(42.5%)wereinthe 16-28-day age group. The mean age was
found to be 14.32 + 5.25 days. After the patients' genders
were distributed, it was found that 68(50.7%) of them were
males and 66 (49.3%) of them were females. It was found
that percentage of hypocalcemia was 31(23.1%) in term
neonates receiving phototherapy for indirect
hyperbilirubinemia,(Table1).

Table1: Baseline Characteristics of Patients

Variables n (%)
Age
0-15 Days 77(57.5%)
16-28 Days 57(42.5%)
Gender
Male 68(50.7%)
Female 66(49.3%)
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Distribution of Hypocalcemia
Yes 31(23.1)
No 103(76.9)

Results present the comparison of serum bilirubin and
calcium levels before and after phototherapy.The mean
serum bilirubin level significantly decreased from14.0+ 2.4
mg/dL pre-phototherapy to 8.49 + 1.81 mg/dL post-
phototherapy (p<0.001), confirming the effectiveness of
phototherapy in reducing bilirubin levels. Similarly, the
mean serum calcium level showed a significant decline
from 7.96 + 0.81 mg/dL before phototherapy to 7.51+ 1.03
mag/dL after phototherapy(p<0.001),(Table 2).

Table 2: Pre and Post-Comparison of Serum Bilirubin and Calcium
Levels AmongPatients

: ~ A _ 9 [
Variables Pre-Comparison Post-Comparison Value
Serum Bilirubin Levels 14.0+2.4 8.49£1.81 <0.001
Serum Calcium Levels 7.96+0.81 7.51£1.03 <0.001

Among neonates aged 0-15 days, 24 (31.2%) developed
hypocalcemia, compared to only 7(12.3%) in the 16-28-day
age group. The majority of neonates in both age groups
remained normo-calcemic, with 53(68.8%)in the 0-15-day
group and 50 (87.7%) in the 16-28-day group. Overall,
hypocalcemia was observed in 31(23.1%) of the total study
population, indicating a higher vulnerability in younger
neonates. The occurrence of hypocalcemia in term
neonates receiving phototherapy for indirect
hyperbilirubinemia was significantly associated with age
group(p=0.010)(Table 3).

Table 3: Stratification for Hypocalcemia Concerning Age

Hypocalcemia

Age Group = No

0-15 Days 24(31.2%) 53(68.8%) 77

16-28 Days 7(12.3%) 50(87.7%) 57 0.010
Total 31(23.1%) 103(76.9%) 134

Results present the stratification of hypocalcemia
concerning gestational age among term neonates
receiving phototherapy for indirect hyperbilirubinemia.
Hypocalcemia was observed in 19(21.1%) of neonates born
at 37-39 weeks of gestation and in 12(27.3%) of those born
at 40-42 weeks. Although the prevalence of hypocalcemia
appeared slightly higher in the 40-42-week group, the
difference was not statistically significant (p=0.427).
Overall, hypocalcemia was present in 31(23.1%) of the total
study population, indicating no significant association
between gestational age and the occurrence of
hypocalcemiainthis cohort(Table 4).

Table 4: Stratification for Hypocalcemia Concerning Gestational
Age

Gestational Hypocalcemia

Age Group Yes No

37-39 Weeks 19(21.1%) 71(78.9%)
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40-42 Weeks 12(27.3%) 32(72.7%) | 44(100.0%)

Total 31(23.1%) | 103(76.9%) | 134(100.0%)

The stratification of hypocalcemia by gender among term
neonates receiving phototherapy for indirect
hyperbilirubinemia revealed that 12 (17.6%) of male and 19
(28.8%) of female developed hypocalcemia. While the
prevalence was higher in female compared to male, this
difference was not statistically significant (p=0.126).
Overall, hypocalcemia was observed in 31(23.1%) of the
total study population, suggesting that gender does not
have a significant impact on the occurrence of
hypocalcemiainthiscohort(Tableb).

Table5: Stratification for Hypocalcemia Concerning Gender

Hypocalcemia

Gender
Yes No
Male 12(17.6%) 56(82.4%) | 56(82.4%)
Female 19(28.8%) 47(7.2%) 47(7.2%) 0.126
Total 31(23.1%) 103(76.9%) | 103(76.9%)

DISCUSSION

During the first week of life, the most common aberrant
physical finding is neonatal hyperbilirubinemia (NH).
Clinicaljaundice affects roughly 60 percent term newborns
and eighty percent premature neonates [15]. If left
untreated, severe hyperbilirubinemia can produce
bilirubin-induced brain damage [16]. Phototherapy,
exchange transfusions, and pharmaceutical treatments
can all be used to treat hyperbilirubinemia. In the
prevention and treatment of hyperbilirubinemia,
phototherapy is very important. Few studies demonstrate
how phototherapy adversely affects serum electrolytes, in
contrast to other side effects. One of the known side
effects is hypocalcemia [17]. Transcranial illumination
inhibits melatonin release from the pineal gland during
phototherapy. Melatonin counteracts cortisol's
hypocalcemia effects. As a result, low melatonin levels in
the blood allow cortisol to act unchecked, resulting in
hypocalcemia [18]. Additionally, phototherapy has been
linked to an increase in urine calcium excretion. Even
though neonatal hypocalcemia can be lethal, laboratory
hypocalcemia is typically mild and asymptomatic.
Furthermore, it changes with gestational age (GA) and
perinatal illness [19]. Phototherapy, commonly used for
neonatal hyperbilirubinemia, can affect blood calcium
levels. Studies by Reddy et al., and Elfiky et al., both
reported significant reductions in calcium levels post-
phototherapy [20, 21]. Lidia et al. observed a statistically
substantial drop in blood calcium in full-term newborns,
but no cases of symptomatic hypocalcemia were noted
[22]. In contrast, another study highlighted significant
electrolyte imbalances, including drops in calcium levels,
with potential clinicalimplications[23]. Pereiraetal., found
adecrease in total serum calcium levels in many neonates,
butthe prevalence of hypocalcemiawaslower comparedto
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earlier studies, suggesting it is not a common outcome in
their population [24]. Due to discrepancies in the findings
of earlier studies, this study aimed to ascertain the
incidence of hypocalcemiain newborns born full term with
indirect hyperbilirubinemia post-phototherapy in current
selected local neonatal community. Worldwide endeavors
acknowledge hypocalcemia as a plausible side effect of
phototherapy, albeit with varying outcomes.These
variations stem from the length of phototherapy exposure,
the degree of hyperbilirubinemia at the onset of
phototherapy and the term or preterm status of the
newborns. Each of these elements influences the degree
of hypocalcemia brought on by phototherapy. Current
study demonstrates how phototherapy impacts calcium
homeostasis in a term newborn being treated for indirect
hyperbilirubinemia. To clarify the matter and determine if
calcium supplements should be administered to neonates
undergoing phototherapy for neonatal jaundice, more
researchisrequired.

This study has several limitations. It was a single-center
descriptive case series with a relatively small sample size,
which may limit the generalizability of the findings. Only
short-termchangesinserum calcium levels were assessed
after 48 hours of phototherapy, while long-term clinical
outcomes and symptomatic hypocalcemia were not
evaluated. In addition, ionized calcium, magnesium,
vitamin D, and urinary calcium excretion were not
measured, which could provide a better understanding of
calcium homeostasis. Future studies should include
multicenter longitudinal designs with larger sample sizes
and should assess additional biochemical markers and
long-term neonatal outcomes to establish stronger
evidenceregarding phototherapy-induced hypocalcemia.

CONCLUSIONS

It was concluded that the percentage of hypocalcemia was
31 (23.1%) in term neonates receiving phototherapy for
indirect hyperbilirubinemia. Phototherapy effectively
reduces serum bilirubin levels but is associated with a
significant decline in serum calcium, suggesting a
potential risk of hypocalcemia in neonates. Thus, to avoid
complications, blood calcium levels and serum bilirubin
levels should be routinely checked in infants receiving
phototherapy.
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