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ABSTRACT

Background: Phototherapy is the most common treatment of neonatal jaundice that affects the
zinc level as well as the bilirubin level.

Objectives: The purpose of this study is to investigate the effect of phototherapy on the zinc
level of infants with jaundice by a systematic review and meta-analysis.

Methods: In this systematic review and meta-analysis a comprehensive literature search of
the databases, including Cochrane Library, Web of Science, PubMed, Scopus, and Google
Scholar web browser was conducted using standard keywords. Data analysis of this meta-
analysis was performed using STATA software, version 14 and P<0.05 was considered a
significant level for tests.

Results: In the five studies reviewed in this article with a sample size of 398 individuals,
phototherapy increased the level of zinc [Standardized mean difference (SMD): 0.88 (95% Cl:
0.38, 1.38), P<0.001] and decreased bilirubin level [SMD: -7.67 (95% ClI: -9.11, -6.23), P<0.001]
in infants with jaundice. The effect of phototherapy was on the zinc level of these groups: infants
with a birth weight of 3000 to 3300 grams (gr) [SMD: 1.07 (95% ClI: 0.42, 1.71), P<0.001] and
3301 to 3600 gr [SMD: 0.40 (95% Cl: -0.32, 1.12), P=0.028], three-day-old infants [SMD: 1.05
(95% Cl: 0.35, 1.74), P<0.001], four-day-old [SMD: 0.76 (95% Cl: 0.26, 1.32)], and 5-day-old
ones [SMD: 0.23 (95% Cl: -0.01, 0.48)]. In addition, phototherapy affected on zinc level of those
whose gestational age (GA) was 37 [SMD: 1.12 (95% Cl: 0.06, 2.17), P<0.001] and 38 [SMD: 0.61
(95% Cl: 0.15, 1.06), P=0.001] weeks.

Conclusions: Phototherapy by reducing the level of bilirubin increases the level of zinc in infants
with jaundice. So, the standardized mean difference of “phototherapy effects on the zinc level
of infants with jaundice” decreases with increasing infants’ weight, increasing infants’ age, and
increasing gestational age.
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Introduction

hen the color of the skin, sclera, and

mucosal membrane changes to yellow

in infants, it is called neonatal jaundice

which occurs because of tissue deposi-

tion of bilirubin. Jaundice appears when
the total serum bilirubin (TSB) becomes 5 mg/dL (86
mcmol/L) and higher [1]. Jaundice incidence is 60% in
normal neonates and 80% in premature ones [2]. In-
fants with severe hyperbilirubinemia are at risk because
of the probable accumulation of bilirubin in tissues, es-
pecially in the brain that leads to acute bilirubin enceph-
alopathy and chronic complications like cerebral palsy,
sensory neural hearing loss, mental problems, or severe
growth retardation [3]. There are several treatments
for conjugated neonatal hyperbilirubinemia [4]. Photo-
therapy is the most common intervention used in the
treatment and prevention of hyperbilirubinemia since
it decreases the total bilirubin concentration and the
usage of blood transfusion [5]. However, phototherapy
may lead to some complications in neonates including
dehydration, skin lesions, eye damage, corneal scar, di-
arrhea, electrolyte disorders, nervous system complica-
tion, hypocalcemia, etc [6, 7].

On the other side, micronutrients level and miner-
als like zinc, copper, and magnesium can influence the
process of protein binding to bilirubin and bilirubin ex-
cretion [8, 9]. In addition, bilirubin decreasing by pho-
totherapy may increase the serum zinc level of infants
[10]. Thus, in this study we investigate the effect of pho-
totherapy on the zinc level of neonates with jaundice
for the first time, using a systematic review and meta-
analysis method. Since studies published in this field so
far, have presented different results.

Methods
Study design

In this systematic review and meta-analysis, we exam-
ine the effect of phototherapy on zinc levels in infants
with jaundice. The meta-analysis is carried out based
on the preferred reporting items for systematic reviews
and meta-analyses (PRISMA 2020) statement for sys-
tematic review and meta-analysis studies. The protocol
of this meta-analysis was registered on the site of PROS-
PERO (CRD42022340667).
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Outcome measures
Primary outcome

Determining the effect of phototherapy on zinc levels
in infants with jaundice.

Secondary outcome

Determining the effect of phototherapy on bilirubin
and zinc levels in neonates with jaundice based on neo-
natal age, neonatal weight, and gestational age.

Search strategy

In this systematic review and meta-analysis, international
databases including Cochrane Library, Web of Science,
PubMed, Scopus, and Google Scholar web browsers, were
searched without time or language restrictions. For papers
published in languages other than Persian or English, the
full article was translated to extract its data. The search
strategy step was performed by standard keywords includ-
ing “zinc, hyperbilirubinemia, neonatal jaundice, jaundice,
neonatal, phototherapy, light therapy.” (updated until
03.05.2022). Keyword combinations using Boolean opera-
tors “AND” and “OR” were also included in the database
search. Additionally, the list of references of all primary
studies that remained at the end of the PRISMA flowchart
and entered the meta-analysis was screened by manual
search. Search strategy in databases: Scopus: ( title-abs-key
(infant OR neonate ) AND title-abs-key ( phototherapy )
AND title-abs-key (zinc) AND title-abs-key ( hyperbilirubi-
nemia OR jaundice ) ), Web of Science: Infant OR neonate
(topic) and phototherapy (topic) and zinc (topic) and hy-
perbilirubinemia OR jaundice (topic), PubMed: ((Hyperbili-
rubinemia [title/abstract] OR jaundice [title/abstract]) AND
(infant[title/abstract] OR neonate [title/abstract])) AND
(phototherapy(title/abstract])) AND (zinc[title/abstract]),
Cochrane Library: Infant in title abstract keyword OR neo-
nate in title abstract keyword AND phototherapy in title
abstract keyword AND zinc in title abstract keyword AND
hyperbilirubinemia OR jaundice in title abstract keyword -
in trials (word variations have been searched)

PICO components
Population: Infants with jaundice
Intervention: Phototherapy
Comparison: There is no comparison group and zinc

and bilirubin levels of jaundiced babies before and after
the intervention have been compared.
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Outcome: The effect of phototherapy on infants with
jaundice zinc level.

Inclusion criteria

In this meta-analysis, studies are conducted to evalu-
ate the effect of phototherapy on zinc levels in infants
with jaundice.

Exclusion criteria

Case report or case series studies, low-quality stud-
ies, studies examining the effect of phototherapy and
other factors on neonatal zinc level simultaneously, lack
of reporting of the required information for data analy-
sis, unavailability of the full-text of articles, and studies
that qualitatively reported the effect of phototherapy
on neonatal zinc level were excluded.

Quality assessment

The two authors independently evaluated the qual-
ity of the studies. The Cochrane checklist was used for
randomized clinical trial studies. This Cochrane risk-of-
bias tool checklist is divided into seven distinct domains,
each assessing a different dimension or type of signifi-
cant bias in clinical trials. Moreover, each domain in this
checklist assigns trials a risk of bias of ‘low risk’, ‘high
risk’, or ‘unclear risk’. After assessing the risk of bias in
each study, the discrepancy between the responses
in each study was determined and the two evaluators
reached a consensus on one response.

For other studies, the STROBE checklist was used [11].
The STROBE checklist has 22 sections that cover differ-
ent sections of a report. In this checklist, the sum of the
scores is decisive, therefore a score of 1-15 indicates
low quality, 16-30 indicates average quality and 31-44
indicates excellent quality. The cut-off point in this study
was 15 points.

Data extraction

Two researchers independently extracted data from
studies to minimize biased reporting and errors in data
collection. They entered the extracted data into a check-
list containing the name of the author, year of publica-
tion, number of girls, number of boys, country, sample
size, type of study, type of delivery, neonatal age, neo-
natal weight, gestational age, the mean and standard
deviation of neonatal zinc, and bilirubin levels. A third
researcher evaluated the data extracted by the two pre-
vious researchers to correct any existing discrepancies.
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Statistical analysis

Considering the quantitative nature of the primary
outcome in these studies, the effect size of the inter-
vention was calculated. The standardized mean differ-
ence (SMD) index, which is a classical effect size index,
indicates the strength of the relationship between the
intervention and the outcome under study. Usually,
the closer SMD is to zero, the weaker the strength of
the relationship, and the tendency to the number one
or even higher indicates the stronger the relationship.
If the SMD confidence interval breaks to zero, then the
relationship is not statistically significant, and vice versa
(Equation 1).

Difference in Mean outcome
beetween groups
Standard devation (SD) of
outcome amang particpants

1. SMD=

The studies were combined considering the sample
size, mean, and standard deviation. The heterogene-
ity of the studies was assessed using the 12 index and
Q-Cochrane test. The random-effects model was used
in this work to combine the reviewed studies (12=92%).
Data analysis was executed using STATA software, ver-
sion 14. The significance level was considered P<0.05
for all tests. Meta-regression was employed to evaluate
the relationship between “The effect of phototherapy
on zinc levels in infants with jaundice” and “sample size”
and “year of publication.”

Results
Study selection

Initially, 285 articles were found in the search in the
mentioned databases. After checking the studies’ titles,
127 duplicate studies were excluded. The abstracts of
158 articles were explored, and 8 articles whose full
texts were not available were excluded. The full texts of
the 150 remaining papers were screened, and another
145 articles that met the other exclusion criteria were
discarded. Eventually, five high-quality articles entered
the meta-analysis process (Figure 1).

In the five reviewed studies with a sample size of 398
individuals, 173 infants were female and 225 were male.
The mean infants’ weight ranged from 3003 to 3550
and the mean of their age differed from 3.02 to 5.70.
Seventy-two percent of neonates were born by cesar-
ian section and the others (28%) were born by vaginal
delivery. One of the reviewed studies was conducted
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Figure 1. The process of entering the studies into the systematic review and meta-analysis

in Iran and the other four were from Egypt. The source
search phase was done without geographic restrictions,
but the articles published in this field were related to
these two countries (Table 1).

When we compared the mean of neonatal zinc level
with its standard deviation before and after the inter-
vention, we found that the standard measure of photo-
therapy effect on zinc level of infants with jaundice was
[SMD:0.88 (95% Cl:0.38, 1.38)]. In other words, photo-
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therapy increased the zinc level of neonates and this re-
lationship was statistically significant (Figure 2).

The effect of phototherapy on infants whose weights
were 3000 to 3300 gr was [SMD: 1.07 (95% Cl:0.42,
1.71)], and it was [SMD:0.40 (95% Cl:-0.32, 1.12)] in
those with the weight of 3301 to 3600. Its effect on
three-day-old infants was [SMD:1.05 (95% Cl:0.35,
1.74)], four-day-old [SMD:0.76 (95% Cl: 0.26, 1.32)], and
5-day-old ones [SMD: 0.23 (95% Cl:-0.01, 0.48)].
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Table 1. Specifications of articles that entered into the meta-analysis process
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Baiomi et al. 2020 [12] Prospective cross- 150 53 47 38 3.09 84 3003 25
sectional case-control
El-Mazary et al. 2017 Prospective case-
3] ol Egypt 30 13 17 38.2 43 — 3550 30
Ali Ahmed Abd .

El-Magid et al. 2021 [2] Prospective cohort 50 24 26 37.76 3.4 82 3370 31
M°Saye'?'13§ all. 2ol Prospective cohort Iran 128 64 64 385 57 63 3163 36
E"Fa"as[hlg al. 2019 RCT 40 19 21 3757 305 675 3040 Lowrisk
E"Fa"as[hlg al. 2019 RCT Egypt 40 19 21 3773 3.04 60 3060  Low risk
El-Farrash et al. 2019 RCT 40 19 21 3767 3.02 725 3140  Lowrisk

[15]

On the other hand, phototherapy affected on zinc level
of those whose gestational age (GA) was 37 [SMD: 1.12
(95% CI:0.06, 2.17)] and 38 [SMD:0.61 (95% Cl:0.15,
1.06)] weeks. As mentioned above, in subgroup analysis
we found that the effect of phototherapy on the zinc
level of infants with jaundice in different weights and
gestational ages was significant. In the analysis of differ-
ent age groups, the phototherapy effect on zinc levels
was significant in those whose average ages were 3 and
4 days. But there was not a significant relationship be-
tween zinc levels and 5-day-old ones (Table 2).
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As shown in Figure 3, phototherapy could decrease
the bilirubin level in neonates with jaundice and this re-
lationship was statistically significant.

Meta-regression also showed that the phototherapy
effect on zinc levels in infants with jaundice from 2016
to 2021 was not significant based on statistical analysis
(P=0.909). It means that we cannot conclude that pho-
totherapy’s effect on zinc levels has increased (Figure 4).
Itis also shown in Figure 5 that the relationship between
the phototherapy effect and the sample size of the
study was not significant based on statistics (P=0.570).

Table 2. The effect of phototherapy on the zinc level of neonates with jaundice in the studied subgroups

Subgroups No. of Studies SMD SMD Low Limit  SMD Up Limit 12 (%) P
Total 5 0.88 0.38 1.38 92 <0.001
3000-3300 3 1.07 0.42 1.71 93.9 <0.001
Birth weight (g)
3301-3600 2 0.40 -0.32 1.12 79.2 0.028
3 3 1.05 0.35 1.74 933 <0.001
Age mean (day) 4 1 0.76 0.26 1.32 0 -
5 1 0.23 -0.01 0.48 0 -
. 37 2 1.12 0.06 2.17 95 <0.001
Gestational age
(week)
38 3 0.61 0.15 1.06 84.8 0.001

Journal of Pediatrics Review
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Author (Country)

Baiomi AM, 2020 (Egypt)

El-Mazary AA, 2017 (Egypt)

Ali Ahmed Abd El-Magid M, 2021 (Egypt)
Mosayebi Z, 2016 (Iran)
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Figure 2. Forest plot showing effect of phototherapy on zinc level of Neonates with Jaundice

Author (Country)

Baiomi AM, 2020 (Egypt)

El-Mazary AA, 2017 (Egypt)

Ali Ahmed Abd El-Magid M, 2021 (Egypt)
El-Farrash RA, 2019 (Egypt)

El-Farrash RA, 2019 (Egypt) —_—

El-Farrash RA, 2019 (Egypt)
Overall, DL (F = 90.3%, p = 0.000)
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Figure 3. Forest Plot showing effect of phototherapy on bilirubin level of Neonates with Jaundice
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Figure 5. Meta-regression of the relationship between the effect of phototherapy on the zinc level of Neonates with Jaundice and the

sample size of studies

Publication bias analysis was done and this relationship
was not statistically significant (P=0.248). It shows that the
step of the literature search has been done comprehen-
sively and properly so that all studies whether positive re-
sults or negative ones have been included (Figure 6).

Discussion

Considering that the level of zinc in infants has a sig-
nificant impact on the growth of infants and taking into
account that the level of zinc in infants with jaundice is
lower than that of healthy infants, increasing the level of
zinc as a result of phototherapy in infants with jaundice
is useful and considered effective. In the five studies
reviewed in this article that was published from 2016

SND of effect estimate

to 2021, with a sample size of 398 individuals, photo-
therapy in infants with jaundice had two outcomes. The
first one was the increasing zinc level [SMD: 0.88 (95%
Cl: 0.38, 1.38)] and the other was decreasing the level of
bilirubin in neonates [SMD: -7.67 (95% Cl: -9.11, -6.23)].
Phototherapy improved neonatal jaundice status. In
previous related studies, three of them reported signifi-
cant positive effects of phototherapy on neonatal zinc
levels [12, 13, 15], while the other two found no signifi-
cant relationship [2, 14]. Regarding the controversy of
previous experiments, the current study was performed
by meta-analysis method.

2 0 2

T

4

Precision

® Study

F—— 95% CI for intercept

regression line

Figure 6. Publication bias
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On the other hand, researchers assessed the effect of
phototherapy on serum calcium and magnesium level.
Gaafar et al. (2020) in Egypt studied the effect of this
intervention on serum calcium and magnesium in term
and preterm infants with hyperbilirubinemia. Sixty neo-
nates with jaundice were included and 43 of them were
term and the other 17 ones were preterm. The results
indicated that phototherapy can reduce the jaundice of
term and preterm infants significantly [16]. Shahriarpa-
nah et al. (2018) studied the role of phototherapy in cal-
cium, magnesium, and vitamin D serum level changes in
the Iranian community, using 50-term infants with jaun-
dice. Based on their study results, phototherapy could
reduce calcium and magnesium levels and increase the
level of vitamin D [17]. Eghbalian et al. included 160
neonates with jaundice in their study in Iran. The results
showed the maximum serum magnesium reduction was
in the double phototherapy group (-0.13+-0.42 mg/dL,
P=0.018). Decreasing serum magnesium levels in single
phototherapy (-0.021-0.25) and intensive phototherapy
(-13.55+2.73) was not significant (P>0.05) [18].

As we discussed above, some of the studies that ob-
served the phototherapy effect on infants’ calcium
and magnesium level reported increased levels of cal-
cium and magnesium after phototherapy while some of
them had opposite results. This conflict is also present
in basic studies of the current meta-analysis. One of the
reasons for this opposition is the limited number of re-
lated studies and the low number of samples in these
experiments. Therefore, it is recommended to design
studies with a larger sample size.

Conclusion

Phototherapy increased the level of zinc (primary out-
come) and decreased the level of bilirubin (secondary
outcome) in infants with jaundice, and both relation-
ships were statistically significant. Phototherapy by re-
ducing the level of bilirubin increases the level of zinc in
infants with jaundice. So, the SMD of “phototherapy ef-
fects on the zinc level of infants with jaundice” decreas-
es with increasing infants’ weight, increasing infants,
age, and increasing gestational age. Due to the limited
number of studies reviewed, we need more studies to
comment more confidently about the effect of photo-
therapy on the zinc level of infants with jaundice.

Limitations

Due to the incomplete information of reviewed stud-
ies, we could not analyze the results based on infants’
gender, type of child delivery, etc. Other limitations

Journal of Pediatrics Review

were limited reviewed studies all of them conducted in
Iran and Egypt only. In addition, we could not provide an
analysis of phototherapy duration because the hours of
phototherapy were not mentioned in the articles.
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