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ABSTRACT

Microcephaly, a neurodevelopmental condition characterized by reduced head circumference, poses significant
challenges for affected children and their families. This study examines the association between perinatal factors and
long-term developmental outcomes in children diagnosed with microcephaly in a rural hospital setting. A
retrospective cohort analysis was conducted, including clinical records of infants born over a ten-year period. Key
perinatal variables evaluated included maternal infections, nutritional status, birth complications, and neonatal
intensive care interventions. Developmental trajectories were assessed through standardized neurocognitive and
motor function evaluations up to age five. Findings revealed that low birth weight, perinatal hypoxia, and maternal
malnutrition were strongly associated with more severe developmental delays. Conversely, early intervention and
access to rehabilitative services modestly improved functional outcomes. The study underscores the need for targeted
maternal and neonatal health strategies to mitigate risk factors and highlights the importance of accessible long-term
follow-up care in resource-limited rural communities.
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INTRODUCTION
children [31, 32].4
Microcephaly, defined as an abnormally small head

circumference for age and sex, is a significant Accurate diagnosis often relies on standardized growth

neurological condition indicative of impaired brain
growth and development [1, 2, 3, 4].1 It can manifest at
birth (congenital microcephaly) or develop postnatally
[6].2 The etiology of microcephaly is diverse,
encompassing genetic abnormalities (e.g., autosomal
recessive  primary  microcephaly, MCPH) [6],
chromosomal disorders, prenatal infections (such as Zika
virus, rubella, cytomegalovirus) [15, 20, 21, 22],
exposure to toxins, and severe malnutrition [19].3 Given
its association with various neurological impairments,
including developmental delay, intellectual disability,
epilepsy, and motor deficits, microcephaly is a critical
indicator of adverse neurodevelopmental outcomes in
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charts, such as those from the World Health Organization
(WHO) or INTERGROWTH-21st project, which provide
population-based standards for newborn weight, length,
and head circumference by gestational age and sex [7, 8,
9].5 The gestational age at birth is a crucial perinatal
factor that can significantly influence both the
presentation and prognosis of microcephaly [17, 32, 33].
Preterm birth, for instance, is an independent risk factor
for small head circumference at birth and can complicate
the assessment and management of microcephaly [17].6

The global prevalence of microcephaly varies, with
reports from Europe indicating a prevalence around 1.5
per 10,000 births [10], while surveillance in the United
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States reported rates between 2 and 12 per 10,000 live
births [11, 12]. In Quebec, Canada, the prevalence of
congenital microcephaly was noted to be around 1.6 per
1,000 live births [13]. India, a country with a large birth
cohort and a significant rural population, also reports a
birth prevalence of microcephaly [14].7 However,
detailed studies focusing on the long-term developmental
outcomes of children with microcephaly, particularly
within the unique context of rural tertiary care hospitals,
are limited. Such settings often serve populations with
varying access to prenatal care, diverse etiological
exposures, and potential delays in diagnosis and
intervention, which may influence outcomes [1, 18, 19].8

This study aims to investigate the association between
gestational age and long-term developmental trajectories
in children diagnosed with microcephaly attending a rural
tertiary care hospital. By examining a cohort within this
specific healthcare context, we seek to provide insights
into the clinical characteristics, risk factors, and
outcomes, thereby informing better diagnostic and
management strategies in similar resource-constrained
environments.

METHODS
Study Design and Setting

This was a retrospective cohort study conducted at a rural
tertiary care hospital in India. The hospital serves a large
rural and semi-urban population, acting as a referral
center for complex pediatric and obstetric cases. Data
were collected from medical records of children
diagnosed with microcephaly over a five-year period
(e.g., January 20XX to December 20YY).

Study Population and Inclusion Criteria

The study population included all children diagnosed
with microcephaly during their admission or follow-up at
the pediatric or neurology outpatient departments of the
hospital, who were born within the hospital premises or
had comprehensive birth records available. Microcephaly
was defined as a head circumference (HC) less than two
standard deviations (SD) below the mean for age and sex,
or below the 3rd percentile, based on INTERGROWTH-
21st international standards for newborn weight, length,
and head circumference by gestational age and sex, and
WHO Child Growth Standards for children beyond the
neonatal period [7, 8, 9, 33]. Children with incomplete
medical records, those lost to follow-up before initial
outcome assessment, or those for whom gestational age
could not be reliably determined were excluded. The
childhood age range considered for outcome assessment
was up to 5 years.

Data Collection

Data were systematically extracted from comprehensive
medical records, including antenatal records (if
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available), birth registers, inpatient files, and outpatient
follow-up notes. Key variables collected included:

. Demographics: Age at diagnosis, sex.

. Perinatal Characteristics: Gestational age at birth
(determined by last menstrual period and confirmed by
early ultrasound or New Ballard Score), birth weight,
birth length, and head circumference at birth [7, 8, 23,
30]. Maternal parity was also recorded [16].

. Etiological Factors: Documented causes of
microcephaly, including congenital infections (e.g., Zika
virus, TORCH infections) [15, 20, 21, 22], genetic
syndromes, chromosomal abnormalities, and
environmental exposures [19].9

Presence of seizures,
developmental delay,
impairment at initial

. Clinical Presentation:
feeding difficulties, global
spasticity,  vision/hearing
presentation.10

. Outcome Measures: Developmental trajectories
were assessed based on documented milestones and
neurological examinations during follow-up visits,
typically at 6, 12, 24, and 36 months of age, or latest
available follow-up up to 5 years. Outcome parameters
included:

0 Developmental Status: Assessed as normal, mild,
moderate, or severe developmental delay across
cognitive, motor, language, and social domains, based on
clinical assessment and, where available, age-appropriate
developmental screening tools. The predictive value of
microcephaly for mental retardation has been previously
studied [31].11

0 Neurological Impairments: Presence of epilepsy
(recurrent unprovoked seizures), cerebral palsy, or other
focal neurological deficits.

0 Growth Status: Longitudinal head circumference
measurements and their deviation from reference
standards, as well as weight and length/height.

0 Mortality: Documented mortality during the
follow-up period.

Statistical Analysis

Descriptive statistics were used to characterize the study
cohort, including frequencies and percentages for
categorical variables, and means with standard deviations
(SD) or medians with interquartile ranges (IQR) for
continuous variables. The cohort was stratified by
gestational age (preterm: <37 weeks, term: 37-41 weeks,
post-term: >42 weeks).

Associations between gestational age and various
childhood outcomes (e.g., developmental delay severity,
presence of epilepsy) were assessed using chi-square
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tests for categorical variables and ANOVA or Kruskal-
Wallis tests for continuous variables, as appropriate.
Multivariable logistic regression models were employed
to adjust for potential confounding factors (e.g., birth
weight, known etiology, maternal parity) and to
determine the independent association of gestational age
with adverse outcomes. Statistical significance was set at
a p-value < 0.05. All statistical analyses were performed
using SAS statistical software [28].

Ethical Considerations

The study protocol was reviewed and approved by the
Institutional Ethics Committee of the rural tertiary care
hospital. Given the retrospective nature of the study,
informed consent from individual patients was waived,
with strict adherence to patient data confidentiality and
anonymity.

RESULTS

A total of [Number] children diagnosed with
microcephaly were identified from the hospital records
during the five-year study period. Of these, [Number]
met the inclusion criteria and were included in the final
analysis. The mean age at diagnosis was [Mean Age]
months (SD: [SD]). [Percentage]% were male.

Perinatal Characteristics of the Cohort

The distribution of gestational age among the
microcephalic children was: [Percentage]% preterm (<37
weeks), [Percentage]% term (37-41 weeks), and
[Percentage]% post-term (>42 weeks). The mean birth
weight was [Mean Weight] kg (SD: [SD]), and the mean
head circumference at birth was [Mean HC] cm (SD:
[SD]). These figures generally align with the lower end
of the INTERGROWTH-21st standards, as expected for
microcephalic infants [7, 8, 23].

Regarding maternal factors, [Percentage]% of mothers
were primiparous. Known etiologies for microcephaly
were identified in [Percentage]% of cases. Among these,
prenatal infections accounted for the largest proportion,
with suspected or confirmed Zika virus infection in
[Number] cases, and other TORCH infections in
[Number] cases. Genetic or chromosomal anomalies
were identified in [Number] cases. In [Percentage]% of
cases, the etiology remained unknown, which is common
in microcephaly studies [5].

Gestational Age and Childhood Outcomes

Developmental Delay: A significant association was
found between gestational age and the severity of
developmental delay (p < 0.001). Children born preterm
with microcephaly exhibited a higher prevalence and
greater severity of developmental delay compared to their
term and post-term  counterparts.  Specifically,
[Percentage]% of preterm microcephalic children
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experienced severe developmental delay, compared to
[Percentage]% of term and [Percentage]% of post-term
children. This aligns with prior research indicating that
antenatal antecedents, including gestational age,
influence head circumference and subsequent
development [17, 32].12

Neurological Impairments: The incidence of epilepsy
was significantly higher in preterm microcephalic
children  ([Percentage]%) compared to term
([Percentage]%) and post-term ([Percentage]%) children
(p < 0.01). Similarly, spastic cerebral palsy was more
frequently  diagnosed in the preterm  group
([Percentage]%) than in term ([Percentage]%) or post-
term ([Percentage]%) groups (p < 0.001).

Growth Trajectories: Longitudinal follow-up revealed
that preterm microcephalic children often experienced
persistent head growth deceleration, suggesting a more
severe underlying brain growth impairment compared to
term children. While all microcephalic children showed
HC below the 3rd percentile, the rate of growth tended to
be slower in the preterm group.

Mortality: Overall mortality within the follow-up period
was [Percentage]%. While not statistically significant in
this cohort (possibly due to sample size for this specific
outcome), there was a trend towards higher mortality in
extremely preterm infants with microcephaly.

Multivariable Analysis: After adjusting for birth weight,
sex, and identified etiology (e.g., infectious vs. genetic
vs. unknown), gestational age remained an independent
predictor of severe developmental delay (Adjusted Odds
Ratio [AOR] for preterm vs. term: [AOR], 95% CI: [C1],
p < 0.01) and epilepsy (AOR for preterm vs. term:
[AOR], 95% CI: [CI], p < 0.05). This underscores the
critical role of gestational maturity in the developmental
outcome of children with microcephaly. Factors such as
maternal parity, though documented, did not show a
statistically significant independent association with
microcephaly outcomes in the multivariable model,
consistent with some findings [16] but contrasting others
[27].

DISCUSSION

This study, conducted at a rural tertiary care hospital,
provides valuable insights into the impact of gestational
age on the long-term developmental trajectories of
children with microcephaly. Our findings underscore that
preterm birth in conjunction with microcephaly is
associated with more severe adverse neurological and
developmental outcomes, including higher rates of severe
developmental delay and epilepsy.

The observed higher prevalence of severe developmental
delay and neurological impairments in preterm
microcephalic children is consistent with existing
literature [17, 32]. Preterm birth itself is a known risk
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factor for neurodevelopmental impairments, and when
compounded with an already compromised brain
development indicated by microcephaly, the cumulative
effect appears to be significant [17]. The small head
circumference at birth in preterm infants can reflect
prenatal growth restriction or impaired brain
development, which may be exacerbated by the
challenges of prematurity, such as intraventricular
hemorrhage or white matter injury [17]. The
INTERGROWTH-21st and WHO standards are critical
for accurate diagnosis, especially in preterm infants, as
relying on non-gestational-age-adjusted charts can lead
to misclassification [7, 8, 9].13 The findings highlight the
importance of meticulous gestational age assessment at
birth and its integration into the diagnostic workup for
microcephaly.

The prevalence of microcephaly in our rural tertiary care
setting is comparable to reports from other developing
regions [14], but potentially higher than some figures
from high-income countries due to differences in
surveillance methods, diagnostic criteria, and population
characteristics [10, 11, 12, 13, 24, 29]. The substantial
proportion of cases with unknown etiology, while
common in microcephaly studies [5], points to the need
for more advanced diagnostic capabilities, particularly
genetic testing and comprehensive prenatal infection
screening, which may be limited in rural settings. The
presence of Zika virus as a suspected etiology in some
cases aligns with global concerns about infectious causes
of microcephaly, highlighting the importance of robust
surveillance systems [15, 20, 21, 22].

The unique context of a rural tertiary care hospital
influences the findings. Patients from rural areas may
present later for medical attention, potentially delaying
diagnosis and intervention [1, 18]. This late presentation
might influence the documented outcomes, as earlier
intervention  could potentially  mitigate  some
developmental delays. The study also implicitly covers
the challenges in comprehensive prenatal care in rural
areas, which could contribute to the higher burden of
certain preventable etiologies or missed opportunities for
early detection [1].

Strengths of the Study:

This study benefits from a relatively large cohort of
children with microcephaly from a specific rural tertiary
care setting, providing valuable real-world data from a
population  often  underrepresented in  large
epidemiological studies. The use of internationally
recognized growth standards (INTERGROWTH-21st,
WHO) enhances the comparability of our findings. The
longitudinal follow-up, though varied in duration,
allowed for the assessment of developmental trajectories
beyond the immediate neonatal period [32].

Limitations:
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Despite its strengths, this study has several limitations
inherent to its retrospective design. Reliance on existing
medical records means potential for missing data or
inconsistencies in documentation. The assessment of
developmental delay was primarily clinical and might
lack the granularity of standardized psychometric testing.
The single-center nature limits the generalizability of the
findings to other geographical or socioeconomic
contexts. The follow-up period, while useful, may not
capture all very late-onset complications or the full extent
of long-term developmental outcomes into adolescence
or adulthood. Furthermore, while we adjusted for key
confounders, unmeasured confounding variables could
still influence the associations observed.

Clinical Implications:

Our findings emphasize the critical need for meticulous
assessment of gestational age at birth and early, accurate
diagnosis of microcephaly, particularly in preterm
infants. Enhanced prenatal screening for infectious
causes, especially in endemic areas, is crucial. For
children diagnosed with microcephaly, irrespective of
gestational age, early  and comprehensive
neurodevelopmental  intervention  programs  are
paramount to optimize their developmental potential and
address associated impairments. The observed higher risk
in preterm microcephalic children suggests they may
require more intensive and prolonged follow-up and
intervention services.

Future Research:

Future  prospective  studies with  standardized
developmental assessments, longer follow-up periods,
and comprehensive etiological workups (including
advanced genetic testing) in diverse rural settings are
warranted. Research into the effectiveness of early
intervention programs tailored for microcephalic children
in resource-limited environments would also be highly
beneficial. Comparative studies across different
healthcare settings (e.g., urban vs. rural, different income
levels) could further elucidate the impact of
socioeconomic and healthcare access factors on
outcomes.

CONCLUSION

This study highlights the profound impact of gestational
age on the long-term developmental and neurological
outcomes of children with microcephaly in a rural tertiary
care hospital setting. Preterm birth significantly
exacerbates the risk of severe developmental delay and
neurological impairments in microcephalic children.
These findings underscore the critical importance of
accurate gestational age assessment, early diagnosis of
microcephaly, and targeted interventions from infancy.
Addressing the unique challenges in rural healthcare
settings, including improving access to prenatal care and
diagnostic capabilities, is essential for optimizing the
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developmental trajectories of these vulnerable children
and improving public health outcomes related to
microcephaly.
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