RESEARCH
®

Check for
updates

www.nature.com/pr

SYSTEMATIC REVIEW
Neonatal jaundice and autism spectrum disorder: a systematic

review and meta-analysis

Monica L. Kujabi @', Jesper P. Petersen?, Mette V. Pedersen?, Erik T. Parner® and Tine B. Henriksen?

BACKGROUND: Two meta-analyses concluded that jaundice was associated with an increased risk of autism. We hypothesize that
these findings were due to methodological limitations of the studies included. Neonatal jaundice affects many infants and risks of
later morbidity may prompt physicians towards more aggressive treatment.

METHODS: To conduct a systematic literature review and a meta-analysis of the association between neonatal jaundice and autism
with particular attention given to low risk of bias studies. Pubmed, Scopus, Embase, Cochrane, and Google Scholar were searched for
publications until February 2019. Data was extracted by use of pre-piloted structured sheets. Low risk of bias studies were identified
through predefined criteria.

RESULTS: A total of 32 studies met the inclusion criteria. The meta-analysis of six low risk of bias studies showed no association
between neonatal jaundice and autism; cohort studies risk ratio 1.09, 95% Cl, 0.99-1.20, case-control studies odds ratio 1.29 95% Cl
0.95, 1.76. Funnel plot of all studies suggested a high risk of publication bias.

CONCLUSIONS: We found a high risk of publication bias, selection bias, and potential confounding in all studies. Based on the low

risk of bias studies there was no convincing evidence to support an association between neonatal jaundice and autism.

Pediatric Research (2021) 90:934-949; https://doi.org/10.1038/5s41390-020-01272-x

IMPACT:

® Meta-analysis of data from six low risk of bias studies indicated no association between neonatal jaundice and autism spectrum

disorder.

® Previous studies show inconsistent results, which may be explained by unadjusted confounding and selection bias.

Funnel plot suggested high risk of publication bias when including all studies.

® There is no evidence to suggest jaundice should be treated more aggressively to prevent autism.

INTRODUCTION

Autism spectrum disorder (ASD) is a disease defined by symptoms
in the following three domains; social interaction, communicative
disorders, and stereotyped, repetitive or restricted behavior.! This
review focuses on ASD, including all subtypes. The prevalence of
ASD is 1—2%, and has increased since the 1940s.>* ASD is more
than four times as prevalent in boys than in girls.? The etiology of
ASD is unknown, but studies indicate involvement of both
genetic>™ and non-inheritable factors.®® ASD is a disease with
long-term consequences for both the child and the family."
Accordingly, there is a need to identify preventable causes of ASD.
Neonatal jaundice occurs in some 80% of neonates.'’ Unconjun-
gated bilirubin crosses the blood—brain barrier in the newborn
and high levels may cause acute bilirubin-induced encephalo-
pathy and permanent brain damage.'” The most common
neuropathological findings in children with ASD are a decreased
number of purkinje cells in the cerebellum, decreased neuronal
cell size, and increased cell packing density in the cerebral
cortex.'®'* These areas may also be damaged by bilirubin
deposition in brain tissue.'>'>'® Accordingly, an association
between hyperbilirubinemia and ASD seems plausible.'” Reviews
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by Amin et al.'® and Jenabi et al.”® concluded that neonatal
jaundice was associated with an increased risk of ASD. In the
review by Amin et al. no structured quality assessment was
performed and the conclusion was based on a meta-analysis of all
studies regardless of their quality. Jenabi et al. rated 19 out of
21 studies as high quality despite methodological limitations of
some studies including no adjustment for confounders. The
purpose of this systematic review was to compile and critically
review the existing evidence of the association between jaundice
and ASD and to base the conclusion only on studies with low risk
of bias.

METHODS

Search strategy

This study is conducted in accordance with the PRISMA guideline
(see PRISMA checklist). A systematic literature search was carried
out according to the review protocol published in PROSPERO,
protocol number: CRD42016025927. Pubmed, Scopus, Embase,
Cochrane, and Google Scholar were searched for publications until
February 2019. The search terms included autism, autistic disorder,
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pervasive developmental disorder (PDD), ASD, Asperger, hyperbi-
lirubinemia, jaundice, icterus, bilirubin, newborn/perinatal/neona-
tal risk factor (s), phototherapy. MESH terms were used whenever
available. The full search strategy can be found in Supplementary
Text S1 (online). References of included studies and other relevant
reviews were screened to identify additional studies.

Inclusion/exclusion criteria

All case—control and cohort studies examining the association
between jaundice, hyperbilirubinemia, or phototherapy and ASD,
that provided absolute numbers were eligible.

Exposure measures had to be either neonatal hyperbilirubine-
mia or jaundice based on clinical assessment, parental report,
laboratory confirmation by estimating serum bilirubin during the
neonatal period (within 28 days after birth), or phototherapy
treatment.

The outcome measure was ASD, which include childhood/
infantile autism, autistic disorder, pervasive developmental
disorder—not otherwise specified, and Asperger’s. In the literature
the terms autism, ASD, and PDD are often used interchangeably;
thus, all were included.

To be able to tease out the details of each study, only studies in
English peer-reviewed journals were included. Conference
abstracts and studies without a reference group such as case
series or case reports were excluded.

Studies that adjusted for confounding factors, but did not
include the adjusted results, were excluded from the meta-
analysis. Studies that investigated preterm infants only were
included in a sub-analysis of preterm infants.

Study selection and data extraction

Titles and abstracts of all identified records were screened for
eligibility according to the inclusion and exclusion criteria. If
immediate exclusion based on title and abstract was not possible,
the full text was assessed for eligibility. Structured sheets piloted
prior to the search were used for data extraction from each study
(see Table 1).

Low risk of bias studies

Studies passed the threshold for strong methodological quality, if
they met the following criteria: ASD diagnosis based on
International Classification of Diseases/Diagnostic and Statistical
Manual of Mental Disorder (ICD/DSM), jaundice was based on TSB
measurement or jaundice diagnosis from medical records, and
adjustment for at least sex” and either gestational age (e.g. term
vs. preterm or gestational week at birth) or birth weight.'” These
quality criteria were defined after the development of the
PROSPERO protocol, but prior to data extraction. Studies that
met the quality criteria were defined as low risk of bias studies.
Only low risk of bias studies were subjected to further quality
assessment.

Quality assessment

The quality-assessment was guided by the Cochrane Handbook for
systematic reviews of interventions,?® the STROBE checklist®'
(STrengthening the Reporting of OBservational studies in Epide-
miology), and the Newcastle-Ottawa Scale.?> We defined essential
confounders as: sex,”> gestational age'® or birth weight,'® birth
year,* and Apgar score.'® According to current evidence, these may
likely influence the association and should be adjusted for.>* Other
potential confounding factors such as pregnancy complications,
parental age, education, and socioeconomic status were also
considered, but not deemed essential due to the paucity of studies
between these variables and ASD. To further evaluate the quality of
the low risk of bias studies, the risk of bias in predefined areas (ASD
selection, representativeness of ASD cases, selection of controls,
ascertainment of hyperbilirubinemia, jaundice selection, assess-
ment of ASD, age at ASD assessment, confounding) were rated as
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low, high or unclear risk of bias (Fig. 1). This assessment aimed to
show the quality of the studies without suggesting how that might
influence the effect estimates. The quality-assessment was based
on a risk of bias table (Supplementary Table S2 (online)) and
assessment of confounders (Supplementary Table S3 (online))
made a priori by the authors.

Literature search, inclusion, data extraction, selection of low risk
of bias studies, and quality assessment of low risk of bias studies
were conducted independently by two authors (M.LK. and M.V.P.).
In case of discrepancy between the two authors, a third author (T.
B.H.) was conferred.

Data analysis

Data were analyzed using the Cochrane Collaboration Review
Manager Software (RevMan version 53)2* Adjusted effect
measures were used when available. The unadjusted risk ratio
(RR) or odds ratio (OR) was calculated from absolute numbers with
95% confidence intervals (Cls) if adjusted estimates were
unavailable. Effect measures were entered into RevMan using
the “generic inverse variance” outcome. OR and RR were analyzed
separately in the meta-analysis because case—control and cohort
studies are heterogenic and may have different challenges related
to methodology. A random-effects model was used to analyze the
included studies as a random sample of a hypothetical population
of studies. Between-study heterogeneity was assessed using /%,
which describes the percentage of variation across studies that is
due to heterogeneity rather than chance.?>?° A forest plot and
meta-analyses using a logarithmic scale were made for all studies,
the low risk of bias studies, and for preterm infants. A funnel plot
was used to assess selective reporting.

RESULTS

Literature search

Literature search was conducted in February 2019 (PRISMA flow
chart in Fig. 2) identifying a total of 32 studies to be included in
this review. Two studies by Maimburg et al>’*® were both
included, despite overlapping by 5 years. However, they also
represent 10 years without overlap.

Study characteristics

Table 1 shows the main characteristics and effect estimates from
all 32 included studies. The earliest study dates back to 1979. The
total number of children with ASD across all studies was 29,299.
Differences in the definition of jaundice (parental assessment by
self-administered questionnaires, clinical diagnosis, diagnosis by
TSB levels, the need for treatment by phototherapy) and the
definition of ASD (diagnosis by ICD-8, 9 or 10 or DSM-II, IV or V)
compromised overall comparability.

Nine studies met the low risk of bias criteria. The low risk of bias
studies included 24,440 children with ASD. The studies that were
not included in the low risk of bias studies failed to adjust for any
potential confounding factors or they based the information on
jaundice on parental recall. Fig. 1 shows the quality assessment of
each of these nine studies and Supplementary Table S3 (online)
shows the potential confounders adjusted for. As seen in Fig. 1
even the studies we considered low risk of bias studies had several
limitations. Of the nine studies two reported an increased risk of
ASD with jaundice,®%° the seven remaining studies showed no
association between jaundice and ASD.?’*°"> These nine studies
were thoroughly reviewed and their main characteristics are
summarized in the following narrative syntheses ordered accord-
ing to their weight in the meta-analyses, with cohort studies first.

Narrative description of low risk of bias studies

Wu et al3' based their cohort study on 457,855 children born
1995-2011 at 15 Kaiser Permanente Northern California hospitals
(KPNC) covering 40% of the insured population. They found no
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Representativeness of ASD

cases
Selection of controls

ASD selection®

Reference

2018, Hisle-Gorman (4)
2016, Wu (5)

2015, Lozada (6)

2013, Hwang (7)

2010, Maimburg (8)
2009, Buchmayer (9)

2008, Jangaard (10)
2008, Maimburg (11)
2005, Croen (12)

PT: preterm; T: term; ASD: Autism Spectrum Disorders

® Total amount from Danish (1990-1999) national birth register

Red: high risk of bias; Yellow: unclear risk of bias; Green: low risk of bias; White: not applicable

“Total amount from the Swedish (1987-2002) national birth register

¢ Numbers in the boxes indicate the frequency in % reported by the study author

Low risk of bias studies, defined as: ASD diagnosis based on ICD/DSM, jaundice based on TSB measurement or jaundice
diagnosis from medical records, had more than 150 ASD cases included, and adjustment for at least sex and either gestational
age (e.g. term vs. preterm or gestational week at birth) or birth weight.
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Fig. 1

association between jaundice and ASD (RR 1.07, 95% Cl,
0.98-1.17). Neonatal jaundice was found in 30% and ASD in
1.3% of the included population. Jaundice was defined as TSB >
10mg/dL, and 51% of all newborns in the study had TSB
measured. ASD was defined according to ICD-9 and retrieved from
the KPNC registry. Children were either diagnosed at autism
evaluation centres, by a clinical specialist outside the ASD center, or
by a general pediatrician. The study adjusted for all our predefined
essential confounders. They estimated the effect of phototherapy, and
found that use of phototherapy did not change the association
between jaundice and ASD.

Maimburg et al.?’ (revised ASD selection®®) based their cohort
study on all Danish children born 1994-2004. They found no
association between jaundice and ASD (RR 1.07, 95% Cl,
0.94-1.21). They included 733,826 children, 5% were jaundiced
and 0.8% had ASD. Jaundice was defined according to ICD-10
retrieved from the National Patient Registry. Several neurodeve-
lopmental disorders (FB0—F84.9 and F88—F88.9), including aut-
ism/pervasive developmental disorders, were studied. ASD was
defined by ICD-10 from the Danish Psychiatric Central Register (in-
and outpatients). Results were adjusted for all the predefined
essential confounders except birth year. In children born preterm
no association was found (RR 1.05, 95% Cl, 0.83-1.33).

Jangaard et al>* based their cohort study on the Canadian Nova
Scotia Atlee Perinatal Database including 94% of all newborns
1994-2000 in the province. They found an association between

Pediatric Research (2021) 90:934 - 949

Qualitative assessment of low risk of bias studies based on predefined criteria (Supplementary Table S2).

jaundice and ASD (RR 1.60, 95% Cl, 1.00-2.56). A total of 56,019
children were included, 7% were jaundiced and 0.33% had ASD. The
study assessed the association between serum bilirubin levels and
four outcomes including autism. Jaundice was defined as TSB level
above 13.5 mg/dL. The Medical Service Insurance (physician billings)
and the hospital Discharge Abstract Database provided ASD diagnosis
by ICD-9. The study adjusted for all predefined essential confounders
except birth year and Apgar score.

Lozada et al.?® found that neonatal jaundice was associated
with an increased risk of ASD (OR 1.18, 95% Cl, 1.06-1.31). This
case—control study was based on data from the United States (US)
Military Health System database. It included 2917 cases born
2000-2009 and 8751 controls matched by sex and age. Jaundice
and ASD was defined according to ICD-9-CM; only inpatient
diagnoses were used for jaundice. Eighteen percent of infants in
the control group were jaundiced. ASD was ascertained from a
minimum of one outpatient visit to a pediatric specialist, with no
description of how children were referred. ASD was found in
0.37% of 783,047 births recorded. Our defined essential con-
founders apart from Apgar score and birth year were assessed.
When studying preterm children only, the association disappeared
(OR 1.06, 95% Cl, 0.77-1.46).

Buchmayer et al®® based their case—control study on the
Swedish Medical Birth Register and included 1216 ASD cases born
1987-2002 and 6080 controls matched by sex, birth year and birth
hospital. They found no association between jaundice and ASD
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- No assessment of ASD
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- No report of absolute
numbers (2)

}
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Scholar and references of

}
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analysis (n=9)

screened to identify
additional studies
(n=13)

Fig.2 PRISMA flow chart. PRISMA flow chart for the systematic review detailing the number of abstracts and full-text screened and number

of studies excluded.

(OR 1.18, 95% I, 0.83-1.68). Jaundice was one of many perinatal
factors studied. Jaundice and ASD was defined by ICD-9 and ICD-10
from inpatient medical records, 5% of infants in the control group
were jaundiced. ASD was verified by a child psychiatrist. The study
adjusted for all the predefined essential confounders and 16 other risk
factors. When preterm infants were assessed no association was seen
(OR 0.70, 95% Cl, 0.50-0.98).

Croen et al*® based their case—control study on children born at
one of the KPNC hospitals in Northern California covering 30% of the
insured population. They found no association between jaundice and
ASD (OR 067, 95% Cl, 043—1.04). It included 338 ASD cases born
1995-1998 and 1718 controls matched by sex, birth year, and hospital
of birth. Jaundice was defined as TSB > 15 mg/dL, 28% of cases and
controls had TSB measured and 12% of infants in the control group
were jaundiced. ASD was defined by ICD-9-CM and obtained from the
outpatient databases. The study adjusted for all our predefined
essential confounders except Apgar score.

Maimburg et al?® found that TSB > 17.5 mg/dL (300 umol/L) was
associated with increased odds of ASD (OR 3.70, 95% Cl, 1.30-10.53).
Maimburg et al. based their case—control study on all children born in
Denmark 1990-1999. The study included 461 cases and 461 controls
from the national civil registration system matched by sex, birth year
and county of birth. The study assessed the association between
seven neonatal risk factors and ASD. TSB values were retrieved from

SPRINGERNATURE

medical records; 18% of cases and 13% of controls had a TSB
measured, jaundice frequency was 3.6%. ASD was defined by
psychiatrists’ ICD-8 and ICD-10 codes. ASD cases were ascertained
from the Danish Psychiatric Central Register including all inpatients in
Denmark 1990-1995 and in- and outpatients 1995-1999. Apgar score
was the only essential confounder not adjusted for. When preterm
infants were considered the association disappeared (OR 1.00, 95% Cl,
0.06-16.67).

Hilse-Gorman et al.>* based their case—control study on the US
Military Health System. They included 8760 ASD cases born
2000-2013. They claimed to find no association in the adjusted
analyses. However, the adjusted results were not presented. Each
case was matched by three controls by age, sex, and enrollment
time frame. Jaundice was one of 28 different risk factors studied.
Information on jaundice and ASD was based on ICD-9 from
inpatient and outpatient data. Thirty-six percent of infants in the
control group were jaundiced (highest rate in any study in this
review). All essential confounders were adjusted for. Adjusted
results were not shown, and therefore not included in our meta-
analysis.

Hwang et al.”" based their case—control study on Taiwan National
Health Insurance Research Database covering 99% of Taiwanese
population. They found no association between jaundice in preterm
neonates and ASD (OR 0.99, 95% Cl, 0.81-1.21). The aim was to

| .34
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identify neonatal risk factors for autism in preterm children. The study
included 411 ASD cases and 29,614 controls born 1998-2001.
Jaundice was defined by ICD-9-CM from in- and outpatient databases,
ASD was only from outpatient databases, 33% of infants in the control
group were jaundiced. All predefined essential confounders except
for Apgar score were adjusted for.

Meta-analysis and funnel plot

When restricting the analysis to the low risk of bias studies, there
was no significant association between neonatal jaundice and
ASD. Three case—control studies were excluded from the meta-
analysis, one only studied preterm infants** and one did not show the
adjusted OR® The third study had an overlapping population with
that of Wu et al3" Croen et al®° included one KNPC hospital while
Wu et al' included 15 KNPC hospitals of Northern California. The
meta-analysis of the three low risk of bias cohort studies revealed an
RR of 1.09 (95% Cl, 0.99-1.20), and of the three low risk of bias case
—control studies an OR of 1.29 (95% Cl, 0.95-1.76) (Fig. 3). If the study
by Croen et al*® was included in the meta-analysis of the case
—control studies, the OR was 1.14 (95% Cl, 0.80-1.61). In addition, we
found no statistically significant association from the meta-analysis of
all four cohort studies (RR 1.14, 95% Cl, 0.99-1.30), while the meta-
analysis of all 29 case—control studies showed an association OR 1.74
(95% Cl, 1.42-2.12) (Fig. 4). The meta-analysis based on preterm
infants only showed no significant association (OR 0.93, 95% Cl,
0.77-1.12) (Fig. 5). The meta-analysis of all studies found a high
degree of heterogeneity (* of 51% (cohort studies) and 83% (case
—control studies)). Furthermore, funnel plots (Fig. 6) indicated
selective reporting of studies that found an association.

DISCUSSION

We identified 32 studies that qualified for this review of the
association between neonatal jaundice and ASD. In the meta-
analysis of all studies we found an association between neonatal
jaundice and ASD. A funnel plot demonstrated a high risk of
publication bias. Due to the large variation in the quality of the
studies, a meta-analysis of all studies should be interpreted with
caution. The low risk of bias studies were based on ICD/DSM and not
on parental recall, and most of them had a predefined primary aim to
study jaundice and ASD, making publication bias and type 1 errors
less likely. Although not significant, our meta-analysis restricted to the
three low risk of bias cohort studies showed an increased risk of ASD
of 9% (RR 1.09, 95% Cl, 0.99-1.20). If not due to random variation, this
could be explained by methodological limitations such as residual
confounding and selection bias even in the low risk of bias studies
(Fig. 1).

Cohort studies
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A challenge in all studies was a reliable jaundice diagnosis. No
studies defined the criteria for diagnosing jaundice or measuring
TSB level, e.g., referral criteria. In most settings bilirubin testing is not
used as a screening procedure for all newborns, and since jaundice
often develops some days after birth, discharged newborns may be
less likely to be diagnosed. Accordingly, the neonate who has been
discharged may rarely have a diagnosis of hyperbilirubinemia from
the hospital system>’% at nine KPNC hospitals the number of
infants with TSB 15-19.9 mg/dL increased by 56% after implementa-
tion of universal bilirubin screening.*® This suggests that the
jaundice diagnosis is an indicator of being hospitalized rather than
having a bilirubin level different from non-hospitalized newborns, in
particular when jaundice is defined by the lower cut-off levels of
bilirubin. In our low risk of bias studies we included jaundice based
on medical records and even among studies using serum
values?®39-324142 highly variable definitions of jaundice were seen
resulting in frequencies differing between 1 and 36%. In conclusion,
availability and criteria of TSB testing and TSB cut-off values may
influence the frequency of jaundice, the risk of selection bias, and
the interpretation of the exposure in the studies. All studies qualified
as low quality on jaundice selection, because they did not explain
which infants had TSB measured or controlled for hospitalization or
in other ways reflected on the frequency of TSB measurement/
hyperbilirubinemia.

If hospitalized children are more likely to be categorized as
exposed, interpretation of results may be difficult. Compared to
the background population, hospitalized newborns may differ in
several ways: they are more likely to be the first child, to have had
a complicated delivery, to be of low birth weight, or to be preterm.
These are all factors associated with ASD. Comparing children
hospitalized in the newborn period who may much more often be
diagnosed with jaundice to non-hospitalized children with a much
lower risk of being diagnosed with jaundice might lead to bias
towards an association between jaundice and ASD. We have
illustrated this by a directed acyclic graph (DAG)*; if hospitaliza-
tion is a cause of jaundice diagnosis it opens numerous potential
biasing pathways (Supplementary Fig. 5). According to the DAG,
studies of a causal relationship should either adjust for all
covariates causing both neonatal hospitalization and ASD, should
be based on exposures obtained from universal bilirubin screen-
ing, or should adjust for hospitalization for reasons other than
suspected hyperbilirubinemia. Using a conservative cut-off level may
decrease but not eliminate this bias.

Accordingly, studies in preterm newborns that are all hospita-
lized after birth may illustrate the points made on jaundice and
hospitalization; in six of the included studies, preterm neonates
were analyzed independently. Five of these studies were low risk

Risk ratio Risk ratio
Study or subgroup  Weight IV, Random, 95% CI IV, Random, 95% ClI
Wu 2016 57.7% 1.07 [0.98, 1.17] il
Maimburg 2010 38.2% 1.07[0.94, 1.21] T
Jangaard 2008 41% 1.60 [1.00, 2.56]
Total (95% Cl) 100.0% 1.09 [0.99, 1.20] K>
Heterogeneity: Tau? = 0.00; Chi® = 2.77, d.f. = 2 (P = 0.25); I* = 28% t t t t
Test for overall effect: Z=1.68 (P = 0.09) 0.5 0.7 1 1.5 2
Case—control studies . .

Odds ratio Odds ratio

Study or subgroup log [odds ratio] SE Weight IV, Random, 95% CI 1V, Random, 95% CI
Lozada 2015 0.1655 0.0547 57.8% 1.18[1.06, 1.31]
Buchmayer 2009 0.1655 0.1795 34.5% 1.18[0.83, 1.68]
Maimburg 2008 1.3083 0.5337 7.7% 3.70[1.30, 10.53] _=
Total (95% Cl) 100.0%  1.29[0.95,1.76]
Heterogeneity: Tau® = 0.04; Chi® = 4.54, d.f. = 2 (P = 0.10); I* = 56% f t f t |
Test for overall effect: Z=1.60 (P = 0.11) 0.005 0.1 1 10 200

Fig.3 Forest plot of the association between neonatal jaundice and ASD, low risk of bias studies. The squares show the average effect size

of each study. The diamonds show the combined average effect size.
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Cohort studies

Risk ratio Risk ratio
Study or subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Wu 2016 47.1% 1.07[0.98, 1.17] -
Maimburg 2010 39.1% 1.07[0.94, 1.21] —m—
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Chen 2014 6.4% 1.75[1.05, 2.92]
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Case-control studies
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Study or subgroup log [odds ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
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Lozada 2015 0.1655 0.0547 7.0% 1.18[1.06, 1.31] ™
Maimburg 2010 0.0644 0.0644 7.0% 1.07 [0.94, 1.21] r
Buchmayer 2009 0.1655 0.1614 6.1% 1.18[0.86, 1.62] ™
Sugie 2009 0.7685 0.2174 5.4% 2.16[1.41, 3.30] e
Froehlich-Santino 2014 0.5247 0.2238 5.4% 1.69[1.09, 2.62] —x
Deykin 1980 0.0953 0.2306 5.3% 1.10[0.70, 1.73] T
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Elsedfy 2014 —0.1041 0.4564 3.0% 0.90 [0.37, 2.20] — T
Matsuishi 1999 0.7178 0.493 2.7% 2.05[0.78, 5.39] T
Maimburg 2008 1.3083 0.5337 2.4% 3.70[1.30, 10.53]
Ravi 2016 0.174 0.5692 2.2% 1.19[0.39, 3.63] —F
Nath 2012 —0.2357 0.8147 1.3% 0.79[0.16, 3.90] . m—
El Baz 2011 2.681 0.9363 1.0% 14.60 [2.33, 91.48]
Zang 2010 25104 1.054 0.8% 12.31[1.56, 97.14]
Piven 1993 1.933 1.1065 0.8% 6.91[0.79, 60.44] b
Elhameed 2011 1.5041 1.2747 0.6% 4.50[0.37, 54.73] —
Ahmed 2010 4.9315 1.4492 0.5% 138.59 [8.09, 2372.93] _—*
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Test for overall effect: Z=5.40 (P < 0.00001)

Fig. 4 Forest plot of the association between neonatal jaundice
study. The diamonds show the combined average effect size.

Cohort studies

and ASD, all studies. The squares show the average effect size of each

Risk ratio Risk ratio
Study or subgroup Weight IV, Random, 95% ClI IV, Random, 95% ClI
Maimburg 2010 100.0% 1.05[0.83, 1.33]
Total (95% Cl) 100.0% 1.05[0.83, 1.33]
Heterogeneity: Not applicable t t t T t t i
Test for overall effect: Z=0.41 (P = 0.68) 0.1 0.2 05 1 2 5 10

Case-control studies
Odds ratio Odds ratio
Study or subgroup Weight IV, Random, 95% CI IV, Random, 95% CI
Hwang 2013 49.3% 0.99 [0.81, 1.21] )
Lozada 2015 26.1% 1.06 [0.77, 1.46] -
Buchmayer 2009 241% 0.70 [0.50, 0.98] —
Maimburg 2008 0.4% 1.00 [0.06, 16.67]
Total (95% Cl) 100.0% 0.93[0.77,1.12] ¢
Heterogeneity: Tau® = 0.01; Chi® = 3.75, d.f. = 3 (P = 0.29); I = 20% t t + +
0.02 0.1 1 10 50

Test for overall effect: Z=0.80 (P = 0.42)

Preterm infants are defined as being < 37 weeks of gestation

Fig. 5 Forest plot of the association between neonatal jaundice
each study. The diamonds show the combined average effect size.

of bias and all showed no association between jaundice and ASD
in preterm newborns (Fig. 5).

Confounding factors may influence the relationship between
bilirubin levels and ASD. Potential confounders could be newborn
infections, asphyxia, parental age, and complicated delivery;
however, other factors such as genetic and socioeconomic factors
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and ASD, preterm infants. The squares show the average effect size of

may also be involved. Whether it is possible to fully adjust for all

potential confounders is questionable.

Several studies used parental recall of neonatal jaundice as the
exposure, which may result in recall bias. None of these studies were

considered low risk of bias studies in this review.
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Fig. 6 Funnel plot of studies investigating the association between

neonatal jaundice and ASD.

The Autism and Development Disabilities Monitoring Network
suggested an increase in estimated prevalence of ASD by roughly
123% since 2002, which is supported by several other sources.**¢
This is thought to be explained by other factors than a true increase,
i.e, diagnostic criteria, service availability, increased funding, and
population awareness>*¢*° Furthermore, new guidelines on the
diagnosis of hyperbilirubinemia (one particularly from 1994%”) have
emerged, and contributed to an increase in admissions for neonatal
jaundice32°%*" The majority of studies collected data over time
periods of some 15 years. Therefore, if time is not adjusted for,
changes in diagnostic practices, could bias results related to the
association between jaundice and ASD.

The majority of included studies offered no description on how
infants with ASD were referred for diagnostic evaluation. Reported
frequencies of ASD were as low as 0.3%2%%? and as high as 1.3%"’
(the latter being close to the expected prevalence?) The low
number of ASD cases seen in some studies could be due to the use
of hospital-based databases.?®3%3373%52 |n somatic hospital data-
bases only children with somatic diseases will be admitted to the
hospital and an additional ASD diagnosis may depend on availability
of patient history from other contacts e.g., general practice or history
taken from parents. While studies with small numbers of children
with autism argue that they have more severe cases, the cases
might also differ in other aspects. Thus, studies with a low frequency
that did not provide valid arguments for the occurrence were rated
as low quality on ASD selection.

Maimburg et al. published two studies based on information from
Danish health registries with overlapping study periods. They differed
substantially in the number of identified cases; a case—control study
including 461 cases born 1990—1999%® and a cohort study including
6171 cases born between 1994 and 2004.%” The case—control study
showed a threefold increased risk of ASD with jaundice, while the
cohort study found no association. Thus, selection bias might
contribute significantly to the associations seen.

The study by Wu et al3' investigated the effect of phototherapy
and found no indication of a protective effect. So, even if there
would be an association between jaundice and ASD, it does not
seem to be affected by the use of phototherapy.

STRENGTHS AND LIMITATIONS

Our inclusion criteria were broad to allow for a high number of
studies. Consequently, we made no restrictions to studies with
particular methodological strengths. Many studies examined a
variety of newborn complications with no a priori hypotheses
related to jaundice.”'*>*% A number of studies had other
methodological weaknesses such as the use of parents’ information
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to diagnose neonatal jaundice®> 417636771 and no adjustment for
confounding factors.*'#>>3-586061636667697072.73 Ho\yever, we were
able to restrict our main analysis to include only low risk of bias
studies. The low risk of bias studies were identified based on a priori
defined quality criteria. Thus, providing a reliable final conclusion
based on low risk of bias studies. Our criteria could have been stricter,
since the low risk of bias studies also had limitations.

CONCLUSION

We identified a high risk of publication bias in all studies on jaundice
and ASD. We also pointed out selection and information bias and
lack of adjustment for potential confounding factors in a number of
studies, which may explain previous findings. When restricting the
meta-analysis to low risk of bias studies, we found no convincing
evidence of an association between neonatal jaundice and ASD.
Furthermore, one study investigated the effect of phototherapy and
found no indication of a protective effect. However, further high-
quality studies are warranted to provide more firm conclusions. A
more aggressive use of phototherapy to lower any potential risk of
ASD in jaundiced infants should not be encouraged based on
current evidence.
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