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ABSTRACT

Background: Autism spectrum disorder (ASD) is a complex neurodevelopmental condition influenced by a range of
genetic, prenatal, and socioeconomic factors. This study aimed to examine the association of neonatal jaundice and
other potential factors with ASD.

Methods: A frequency-matched case—control study was conducted from 1 January to 30 June 2024 at Al-Batool Teaching
Hospital in Diyala Province, Iraq. The sample included 113 children with confirmed ASD and 113 age-frequency—matched
controls. Sociodemographic and clinical data were collected through structured parent interviews and review of medical
records. Bivariate analyses and binary logistic regression were performed to assess associations and identify factors
independently associated with ASD.

Results: Data from 226 children aged 24—60 months were included in the final analysis. The proportion of males was
significantly higher among children with ASD than among controls (67.3% vs. 52.2%, p = 0.026). Children with ASD
were also more likely to reside in urban areas and to have a family history of ASD (p = 0.005 and p < 0.001, respectively).
A history of neonatal jaundice was more common in the ASD group than in the control group (72.6% vs. 46.9%, p
< 0.001). In multivariable logistic regression analysis, family history of ASD (OR = 5.37, 95% CI: 1.99—-14.46), neonatal
jaundice (OR = 2.85, 95% CI: 1.54—5.29), male sex (OR = 2.16, 95% CI: 1.17—3.98), and urban residence (OR = 1.91, 95%
CIL: 1.06—3.44) were significantly independently associated with ASD.

Conclusion: Family history of ASD, neonatal jaundice, male sex, and urban residence were independently associated
with ASD in children. These findings support a possible role for familial and early-life environmental factors in ASD.
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INTRODUCTION

Utism spectrum disorder (ASD) is a heteroge-
neous group of neurodevelopmental conditions
characterized by persistent deficits in social com-
munication and social interaction, along with

restricted interests and repetitive behaviors that typically
emerge in childhood and may persist into adulthood [1]. Zei-
dan et al. [2] reported a global ASD prevalence of 0.76 per
100 children, with substantial variation across geographic re-
gions and diagnostic criteria. Although previous research has
suggested a complex basis involving both genetic and envi-
ronmental factors, the exact etiology of ASD remains unclear
[3]. Perinatal and obstetric complications, including neonatal
jaundice, have been proposed as environmental factors that
may be associated with ASD because of their potential effects
on early brain development [4].

Neonatal jaundice, a common and usually self-limiting clini-
cal condition during the first week after birth, has been iden-
tified as a possible perinatal factor associated with ASD. A
large proportion of both term and preterm neonates develop
jaundice during the early postnatal period [5].

Neonatal hyperbilirubinemia refers to elevated blood biliru-
bin levels and may be physiological or pathological in origin.
Moderate increases in bilirubin may exert antioxidant effects
that could be neuroprotective; however, severe elevations may
allow unconjugated bilirubin to cross the blood—brain barrier,
leading to bilirubin-induced neurologic dysfunction (BIND)
(6l

In recent years, numerous studies worldwide have examined
the association between neonatal jaundice and ASD. Several
epidemiological studies have reported that infants with serum
hyperbilirubinemia requiring hospitalization or phototherapy
had higher odds of ASD later in life [7, 8]. In contrast, other
studies found no statistically significant association after ad-
justment for potential confounding factors, such as preterm
birth and maternal health conditions [9, 10]. These incon-
sistent findings highlight the complexity of the relationship
and the need for further investigation. Given the potential
impact of elevated bilirubin levels during a critical period of
brain development, neonatal jaundice may be associated with
ASD in a subset of children; however, the available evidence
remains inconclusive. Therefore, the present study aimed to
examine the association between neonatal jaundice and ASD
in early childhood and to identify other social, demographic,
and clinical factors associated with ASD among Iraqi children.

PATIENTS AND METHODS

Study design
An age-frequency—matched hospital-based case—control
study was conducted at Al-Batool Teaching Hospital in
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Diyala Province, Iraq, from 1 January to 30 June 2024.
Frequency matching was performed according to predefined
age categories (24—35 months, 36—47 months, and 48—60
months). Sex was not used as a matching variable and was
therefore considered a potential confounder in the analysis.

Sample size consideration

A formal a priori sample size or power calculation was not
performed. The final sample size was determined by the
total number of eligible autism spectrum disorder (ASD)
cases identified during the study period and the availability
of age-frequency—matched control children from the same
source population.

Data collection

Data were collected through structured interviews with par-
ents and by reviewing medical records. Cases of autism spec-
trum disorder (ASD) were identified among children who at-
tended the neurological outpatient clinic at Al-Batool Teach-
ing Hospital during the study period. The diagnosis of ASD
was confirmed according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) criteria
[11].

For each ASD case, one control child without ASD was selected
from the same hospital. Controls were randomly selected
from children attending the general pediatric outpatient clin-
ics during the same study period to ensure that they originated
from the same source population as the cases. Controls were
frequency matched by age group only and not by individual
age or sex. The distribution of cases and controls across the
predefined age bands is presented in Table 1 and reflects the
intended frequency-matching approach. Sex was recorded for
all participants and was considered in the adjusted analysis.
To reduce the likelihood of outcome misclassification, all con-
trol children underwent clinical evaluation by a pediatrician.
Medical records were reviewed to exclude any documented
neurodevelopmental diagnosis, and parents were interviewed
to confirm normal developmental milestones and the absence
of behavioral or communication concerns suggestive of ASD.
The variables collected included maternal and child-related
characteristics such as sex, age, neonatal jaundice, prematu-
rity, birth weight, mode of delivery, residence (urban/rural),
and family history of ASD.

Inclusion and exclusion criteria

The inclusion criteria for the ASD group were children with
a confirmed diagnosis of ASD as the primary reason for at-
tendance at the neurological outpatient clinic of Al-Batool
Teaching Hospital in Diyala. The control group consisted of
typically developing children without ASD, randomly selected
from the hospital’s general pediatric outpatient clinics, with
no clinical or documented history of ASD or other develop-
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mental disorders.

The exclusion criteria were a history of syndromic disorders,
known chromosomal or congenital abnormalities, devel-
opmental delays or disorders unrelated to ASD, and lack of
information regarding neonatal jaundice history.

Definition of variables

Neonatal jaundice was considered present if it was clinically
diagnosed after delivery or during any hospital stay within
the first month of life, or if the infant underwent photother-
apy or exchange transfusion during the first month of life.
Because exact total serum bilirubin values and age-specific
bilirubin thresholds were not consistently available in the
medical records for all participants, documented clinical man-
agement decisions were used as operational indicators of jaun-
dice severity. Accordingly, neonatal jaundice severity was cat-
egorized as mild (no hospital admission or phototherapy),
moderate (hospital admission for phototherapy), or severe
(hospital admission requiring exchange transfusion).
Clinical decisions regarding phototherapy or exchange
transfusion were made according to the local neonatal care
protocol at Al-Batool Teaching Hospital, which is based on
the American Academy of Pediatrics (AAP) guidelines for
the management of neonatal hyperbilirubinemia [12]. In
routine practice, phototherapy was initiated for neonates
with clinically significant jaundice requiring hospital
admission, based on postnatal age, gestational age, and
the presence of risk factors such as prematurity, poor
feeding, or hemolysis. Exchange transfusion was reserved
for severe cases with rapidly rising bilirubin levels or failure
to respond to intensive phototherapy, as documented in the
medical records. Prematurity was defined as birth before 37
completed weeks of gestation.

Missing data handling

Nine records were excluded during the eligibility assessment
because of missing or insufficient information on neonatal
jaundice history, which was the primary exposure variable.
There were no missing data for any other study variables.
After application of the exclusion criteria, the final analytical
dataset consisted of 226 children with complete data for all
variables included in the analysis. Therefore, a complete-case
analysis was performed, and no data imputation methods
were applied.

Statistical analysis

Descriptive analyses were performed using frequencies, per-
centages, means, and standard deviations, as appropriate.
Bivariate analyses were conducted to compare ASD cases and
controls across key demographic and clinical characteristics.
For adjusted analyses, odds ratios (ORs) were estimated using
binary logistic regression. The dependent variable was coded

as 1 for ASD and o for controls. Variables were selected for the
multivariable model based on clinical relevance, prior liter-
ature, and potential confounding effects. Sex was retained
in the model because it was not used as a matching variable.
Age group was frequency matched at the design stage. All
statistical analyses were performed using SPSS version 16,
and a two-sided p value of < 0.05 was considered statistically
significant.

RESULTS

Sociodemographic and clinical characteristics of the study
participants.

According to the predefined inclusion and exclusion crite-
ria, a total of 226 children aged 24—60 months were included
in the final analysis, comprising 113 children with autism
spectrum disorder (ASD) and 113 age-frequency—matched
controls. Most participants were male and belonged to the
48—60-month age group. The proportion of males was signif-
icantly higher among children with ASD than among controls
(76 vs. 59, p = 0.026).

The mean age and mean birth weight did not differ signif-
icantly between the two groups. Children with ASD were
more likely than controls to reside in urban areas and to have
a positive family history of ASD (p = 0.005 and p < 0.001,
respectively). Although preterm birth and cesarean delivery
were more frequent among ASD cases than among controls,
these differences did not reach statistical significance (p >
0.05) (Table 1).

Neonatal jaundice exposure and severity.

In the ASD group, 82 children (72.6%) had a history of
neonatal jaundice, compared with 53 children (46.9%) in the
control group. This difference was statistically significant
(p < 0.001). Among children with a history of neonatal
jaundice (n = 135), the distribution of jaundice severity
differed between ASD cases and controls. Mild jaundice
was more common among controls than among ASD cases
(66.0% vs. 39.0%, p = 0.002). In contrast, moderate jaundice
requiring phototherapy was more frequent among ASD
cases than among controls (50.0% vs. 28.3%, p = 0.008).
Severe jaundice requiring exchange transfusion was also
more frequent among ASD cases; however, this difference
was not statistically significant (p = 0.285). Overall, these
findings indicate that neonatal jaundice, particularly
moderate jaundice requiring phototherapy, was more com-
mon among children with ASD than among controls (Table 2).

Multivariable logistic regression analysis.

Multivariable logistic regression analysis was performed
to examine factors independently associated with ASD. As
shown in Table 3, male sex was independently associated
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Table 1. Baseline characteristics of children with autism spectrum disorder (ASD) and controls
Characteristic ASD cases (n = 113) Controls (n = 113) Test statistic p-value
Age distribution
24—35 months, n (%) 20 (17.7) 20 (17.7) — -
36—47 months, n (%) 35(31.0) 35(31.0) - -
48—-60 months, n (%) 58 (51.3) 58 (51.3) - -
Mean age, months + SD 48.6 £10.1 479 £9.8 t=053 0.598
Sex and perinatal characteristics
Male sex, n (%) 76 (67.3) 59 (52.2) x2 = 492 0.026
Mean birth weight, kg + SD 3.02 + 0.44 3.07 & 0.39 t=0.89 0.349
Preterm birth (< 37 weeks), n (%) 21(18.6) 14 (12.4) x2 =156 0.197
Cesarean delivery, n (%) 60 (53.1) 48 (42.5) x2 =255 0.110
Family and residential characteristics
Urban residence, n (%) 79 (69.9) 58 (51.3) x2 =791 0.005
Family history of ASD, n (%) 27(23.9) 6(5.3) x2 = 16.04 <0.001
Data are presented as mean = standard deviation (SD) or number (%).
Student’s t-test was used for continuous variables, and the chi-square (x2) test was used for categorical variables.
Table 2. Exposure to neonatal jaundice and severity among jaundiced children in ASD cases and controls
Characteristic ASD cases (n = 113) Controls (n = 113) Test statistic p-value
Neonatal jaundice exposure
Yes, n (%) 82(72.6) 53 (46.9) x?2 = 15.62 <0.001
No, n (%) 31(27.4) 60 (53.1) - -
Severity among jaundiced children only (n = 135)
Mild (no admission), n (%) 32/82(39.0) 35/53 (66.0) x2% =915 0.002
Moderate (phototherapy), n (%) £41/82 (50.0) 15/53 (28.3) x2 =703 0.008
Severe (exchange transfusion), n (%) 9/82 (11.0) 3/53 (5.7) x2 =114 0.285

Data are presented as number (%).

Percentages in the severity section were calculated among jaundiced children within each study group.

Chi-square (x2) test was used for comparisons between groups.

Table 3. Multivariable logistic regression analysis of factors independently associated with autism spectrum disorder (ASD)

Variable Category Adjusted OR 95% CI p-value
Family history of ASD Yes 5.37 1.99-14.46 <0.001
No (reference) Reference - -
Neonatal jaundice Present 2.85 1.54—5.29 0.001
Absent (reference) Reference - -
Sex Male 2.16 1.17-3.98 0.014
Female (reference) Reference - -
Residence Urban 1.91 1.06-3.44 0.031
Rural (reference) Reference - -

OR, odds ratio; CI, confidence interval.

Adjusted odds ratios were obtained from a multivariable binary logistic regression model.

Reference categories are shown for comparison.

with ASD after adjustment (adjusted OR = 2.16, 95% CI: 1.17—
3.98, p = 0.014). Other factors that remained independently
associated with ASD were a positive family history of ASD
(adjusted OR = 5.37, 95% CI: 1.99—14.46, p < 0.001), neonatal
jaundice (adjusted OR = 2.85, 95% CI: 1.54—5.29, p = 0.001),
and urban residence (adjusted OR = 1.91, 95% CI: 1.06—3.44, p
= 0.031). These findings suggest that the association between
neonatal jaundice and ASD persisted after adjustment for the
other variables included in the model.

DISCUSSION

The present age-frequency—matched hospital-based case—
control study found that neonatal jaundice was more common

among children with autism spectrum disorder (ASD) than
among controls. In the multivariable logistic regression anal-
ysis, neonatal jaundice remained independently associated
with ASD after adjustment for sex, residence, and family his-
tory of ASD. In addition, male sex, urban residence, and a
positive family history of ASD were also independently asso-
ciated with ASD in the study sample.

The higher proportion of males among ASD cases than among
controls in the present study is consistent with the well-
recognized male predominance in ASD diagnosis. Previous
studies have shown that ASD is diagnosed more frequently in
males than in females, with proposed explanations including
sex-related neurobiological differences, hormonal influences,
and differential expression of ASD-related genetic suscepti-
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bility [13, 14]. In addition, camouflaging behaviors and less
overt symptom presentation among females may contribute
to underrecognition and delayed diagnosis, thereby widening
the apparent sex difference.

The present study did not find significant differences between
ASD cases and controls with respect to mean birth weight,
preterm birth, or cesarean delivery. These findings suggest
that these perinatal factors were not significantly associated
with ASD in this sample. The literature on these variables
remains inconsistent. Some studies have suggested associa-
tions between prematurity and later ASD diagnosis, possibly
because of vulnerability of the immature brain to perinatal
injury and altered neurodevelopment [15, 16]. Similarly, ce-
sarean delivery has been discussed as a possible associated
factor, although the mechanisms remain uncertain and the
evidence is not consistent across studies [17]. The absence
of significant associations in the present study may reflect
the relatively modest sample size or differences in population
characteristics.

Urban residence was significantly more common among ASD
cases than among controls, and it remained independently as-
sociated with ASD in the adjusted analysis. This finding may
reflect a combination of environmental, social, and health-
service-related factors. Children living in urban settings may
be more likely to be diagnosed because of improved access
to specialist services, greater parental awareness, and better
referral pathways. Environmental exposures such as air pol-
lution and other urban stressors have also been proposed as
possible contributing factors [18, 19]. However, geographic
variation in ASD frequency is complex, and not all studies have
reported the same pattern [20, 21]. Therefore, the observed
association with urban residence should be interpreted cau-
tiously and may partly reflect differences in diagnostic access
rather than a direct causal effect.

A positive family history of ASD showed the strongest asso-
ciation with ASD in the present study. This finding supports
the substantial contribution of familial and genetic suscepti-
bility to ASD. Previous studies have consistently shown that
ASD clusters within families and that the likelihood of ASD
is higher among children with affected first-degree relatives
[22, 23]. The strong association observed in the current study
is therefore biologically plausible and consistent with the
broader literature.

Neonatal jaundice was significantly more common among
ASD cases than among controls, and this association persisted
after adjustment in the logistic regression model. This finding
is in line with previous studies and meta-analyses reporting
an association between neonatal jaundice or hyperbilirubine-
mia and ASD [7, 8]. Bilirubin-induced neurotoxicity has been
proposed as a possible mechanism, particularly through its ef-
fects on vulnerable regions of the developing nervous system,
including the basal ganglia and auditory pathways [6]. Al-

though a case—control design cannot establish causation, the
present findings support the possibility that neonatal jaun-
dice may be an important early-life factor associated with
ASD.

The severity analysis also showed that moderate neonatal
jaundice requiring phototherapy was more frequent among
ASD cases than among controls. Severe jaundice requiring
exchange transfusion was likewise more frequent among
ASD cases, but the difference was not statistically signifi-
cant. These findings may suggest that more severe jaundice is
more strongly associated with ASD than mild jaundice; how-
ever, caution is warranted in interpreting this pattern. In the
present study, jaundice severity was classified according to
documented clinical management rather than exact biliru-
bin measurements, because total serum bilirubin values and
age-specific thresholds were not consistently available for
all participants. In addition, the number of children requir-
ing exchange transfusion was small, which may have limited
the ability to detect a statistically significant difference for
this subgroup. Nonetheless, the observed pattern is broadly
consistent with prior reports indicating that clinically signif-
icant hyperbilirubinemia requiring treatment may be more
strongly associated with later neurodevelopmental problems
than mild jaundice [8, 24].

From a clinical perspective, these findings support careful
recognition and management of neonatal jaundice, particu-
larly in settings where bilirubin monitoring and follow-up
may be inconsistent. However, the results should not be inter-
preted as evidence that neonatal jaundice causes ASD. Rather,
the study demonstrates an association within the sampled
population and highlights the need for further research using
longitudinal designs and more precise exposure measure-
ment.

This study has several limitations. First, the hospital-based
case—control design may have introduced selection bias, as
participants were recruited from a single tertiary hospital
and may not fully represent the general pediatric popula-
tion. Second, information on neonatal jaundice relied partly
on parental report, although it was checked against medi-
cal records whenever possible. Third, total serum bilirubin
levels and age-specific treatment thresholds were not consis-
tently available, so jaundice severity was classified using doc-
umented management decisions, which may have led to some
exposure misclassification. Fourth, although controls under-
went clinical evaluation and record review to reduce outcome
misclassification, the absence of a standardized ASD screen-
ing tool among controls may have allowed a small possibility
of undetected developmental concerns. Despite these limi-
tations, the study provides useful evidence from a resource-
limited setting and contributes to the growing literature on
neonatal and familial factors associated with ASD.

Future studies should use larger, preferably prospective,
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population-based designs with standardized ascertainment
of both ASD and neonatal hyperbilirubinemia. The availabil-
ity of exact bilirubin measurements, treatment thresholds,
and timing of exposure would allow more precise evaluation
of whether a dose—response relationship exists. Such studies
would also help clarify the extent to which the observed asso-
ciations reflect biological mechanisms, residual confounding,
or differences in access to diagnosis and care.

CONCLUSION

Family history of ASD, neonatal jaundice, male sex, and urban
residence were independently associated with ASD. A history
of neonatal jaundice was more common among children with
ASD than among controls, and moderate jaundice requiring
phototherapy was also observed more frequently in the ASD
group. These findings support a possible role for familial and
early-life factors in ASD. Owing to the case—control design,
the results should be interpreted as associations rather than
evidence of causation. Further large-scale prospective studies
are needed to confirm these findings and clarify the underly-
ing mechanisms.
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