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Abstract

Background: Low birth weight has consistently been linked to poorer cognitive outcomes, yet less is
known about whether variation in birth weight within the normal range (2500-4500 g) relates to
intellectual functioning in children and adolescents referred for clinical evaluation of
neurodevelopmental disorders (NDDs).

Objective: To examine whether birth weight within the normal range is associated with intellectual
functioning and diagnostic status in a clinical sample of term-born children and adolescents with

confirmed or suspected NDDs, and to evaluate whether deviations from expected birth weight are
associated with diagnostic outcomes.

Methods: Clinical data were obtained from participants in the Norwegian BUPgen registry with available
birth weight, full-scale 1Q (FSIQ), and diagnostic data. After restricting the sample to individuals born at
term (37-41 weeks of gestation) with birth weight within the normal range (2500-4500 g), 248
individuals with ASD, 68 with ADHD, 7 with ID, and 26 without registered NDD diagnoses were included.
Birth weight was obtained through linkage to the Medical Birth Registry of Norway. Standardized birth
weight was derived using a population-based reference sample of term-born participants without NDDs
from the Norwegian Mother, Father and Child Cohort Study (MoBa; n = 91,953). Linear regression models
were used to examine associations between standardized birth weight and FSIQ within BUPgen. Linear
models including MoBa were used to compare standardized birth weight across groups.

Results: Standardized birth weight was not significantly associated with FSIQ (8=0.92, SE=0.74, p=.213).
No evidence of non-linear effects (p=.625) or interactions with sex (p=.602) was observed. Mean FSIQ in
the clinical cohort was also approximately 9 IQ points below the normative population mean, with
significantly lower scores than the population norm observed in the total sample as well as within the
ASD, ADHD, and ID groups.

Linear models showed a small but significant overall effect of group on standardized birth weight (F(4,
83883) = 3.41, p =.009). Post hoc comparisons indicated that BUPgen participants without registered
NDD had lower standardized birth weight than MoBa (p=.020) and ASD (p=.035), whereas no significant
differences were observed between the ASD, ADHD, ID, and MoBa groups.

Conclusions: Variation in standardized birth weight within the normal range was not associated with
FSIQ and did not distinguish ASD, ADHD, and ID groups from the population-based MoBa sample.
Although participants without registered NDD showed lower standardized birth weight, this finding
should be interpreted cautiously due to the small and heterogeneous nature of this subgroup. Overall,
variation in fetal growth within the normal range, as indexed by standardized birth weight, may have
limited relevance for cognitive functioning and NDD diagnostic classification in clinically referred
populations.

Introduction
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Several studies have documented a robust relationship between low birth weight (< 2500 g) and reduced
performance on standardized intelligence tests, suggesting that restricted fetal growth may have long-
lasting consequences for neurocognitive development (Peyre et al., 2026; Shenkin et al., 2004). Low birth
weight is frequently the result of prematurity, intrauterine growth restriction, or perinatal complications,
all of which interfere with critical processes of brain maturation such as synaptogenesis, myelination,
and cortical organization. These disruptions have been linked not only to lower intelligence quotient (IQ)
but also to learning disabilities, poorer academic achievement, and neurodevelopmental disorders
(NDDs) across childhood and adolescence (Guellec et al., 2011; Volpe, 2009)

Although the adverse effects of low birth weight are well established, less is known about whether more
subtle variation in birth weight in term-born infants within the normal weight range (2500-4500 g) (World
Health Organization, 2025) also contributes to differences in cognitive outcomes, especially in
individuals with NDD. Birth weight serves as a widely used proxy marker of intrauterine growth and fetal
health, and even within the normal spectrum, differences in placental function, maternal nutrition, or
pregnancy complications have been suggested to influence brain development in ways that affect later
intellectual functioning (Walhovd et al., 2024). This raises the possibility that birth weight exerts a
continuous influence on cognitive ability, rather than conferring risk only at extreme levels. To delineate
the underlying etiology in complex neurodevelopmental disorders, studying the association between
birth weight and later cognitive performance in clinically referred populations is of particular importance.

NDDs compromise a group of early-onset conditions arising from atypical development, and among the
most common and clinical important are Autism Spectrum Disorder (ASD), Attention Deficit-
Hyperactivity Disorder (ADHD) and Intellectual Disability (ID). According to the DSM-5 they are
characterized by impairments in cognition, communication, social interaction, and adaptive functioning,
with wide genetic and clinical variability, as well as high comorbidity and symptom overlap (Morris-
Rosendahl & Crocq, 2020; Parenti et al., 2020; Zhao et al., 2022). NDDs affect approximately 10% of
children worldwide (National Institute for Health and Care Excellence, 2019) and represent a major
source of long-term disability. Prevalence estimates vary substantially across studies depending on
methodological and demographic factors. Recent meta-analyses and large-scale studies have estimated
prevalence rates of approximately 5.9% for ADHD, 1% for ASD and 1% for ID (Bélte et al., 2023).
Epidemiological studies have linked fetal growth and birth weight to increased risk of language delays,
cognitive impairment, and behavioral dysregulation, which often persist into school age and adolescence
(Leonard et al., 2006), as well as NDDs, including ADHD and ASD (Cortese et al., 2021; Heinonen et al.,
2015; Larroque et al., 2008; Raznahan et al., 2012; Walhovd et al., 2012). Numerous studies have
established an association between low birth weight and neurocognitive development across the
lifespan. Literature has shown a close relationship between birth weight and brain development (Catena
et al., 2019), suggesting that birth weight may serve as a proxy for underlying brain maturation. In
example, low birth weight has been linked to reduced total brain volume, disrupted white matter integrity,
and delayed cortical maturation (Isaacs et al., 2000).
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Relevant for investigation of the association between birth weight and cognitive development in the
normal weight range is the cascade of brain maturation happening close to birth. Approximately 50% of
the increase in cortical volume occurs between the 34th and 40th gestational weeks (Yu et al., 2016).
Indeed, the third trimester represents a critical period of brain development characterized by rapid
synaptogenesis, myelination, and cortical folding, processes that are particularly vulnerable to reduced
nutrient and oxygen supply in utero (Volpe, 2009).

In example, small for gestational age (SGA) is defined relative to gestational age and reflects birth
weight below the 10th percentile. SGA infants often experience intrauterine growth restriction, which can
compromise brain development due to chronic nutrient and oxygen deprivation during critical periods of
gestation (Qing et al., 2025). Subclinical in utero inflammation, preeclampsia, primary and secondary
placental dysfunction and intrauterine infection have also been shown to impair fetal growth (Cortese et
al., 2021).

Longitudinal studies have demonstrated that SGA status is associated with lower IQ scores, reduced
language skills, and poor academic performance extending into adolescence and adulthood (Guellec et
al., 2011). Furthermore, functional imaging studies further suggest that individuals born SGA exhibit
altered brain connectivity in key cognitive networks, including the default mode and frontoparietal
networks, which may represent a brain correlate of the observed deficits in executive function, attention,
and processing speed (Karolis et al., 2016; Smyser et al., 2010).

However, recent studies suggests that there may occur relevant fluctuations in cognitive outcome
beyond the suggested thresholds associated with i.e. SGA. A recent cohort study evaluating cognitive
outcome at 5 years of age found increasing cognitive abilities with increasing birth weight, plateauing
just below the 70-percentile birth-weight marker (Eves et al., 2023). Accordingly, Burger and colleagues
found positive associations between at-term birth-weight and school performance at 12 years of age,
plateauing at the 80-centile (Burger et al., 2023). Taken together, these findings suggests that there may
be unexplored clinical relevant information for clinical patient groups beyond the recognized birth-weight
thresholds.

Several hypotheses propose how fetal birth weight may impact cognitive function. According to the brain
reserve model (Katzman et al., 1988), individual differences in brain structure, such as brain size,
neuronal count, or synaptic density, can provide a buffer against clinical symptoms of brain pathology. In
this case, higher birth weight may be associated with higher brain growth before birth (Katzman et al.,
1988; Walhovd et al., 2024). While the cognitive effects of low birth weight may be most pronounced in
early childhood, subtle deficits may persist into adulthood, influencing real-life outcomes such as
educational attainment and cognitive aging trajectories (Walhovd et al., 2024).

Prenatal adversity associated with fetal growth restriction may create a neurobiological vulnerability that
may be amplified by postnatal stressors (Shenkin et al., 2004), and the prenatal environment may have
long lasting effects on individual outcomes, especially cognition (Shenkin et al., 2004).
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To support the importance of increased knowledge regarding birth markers as a proxy for later aberrant
development, the World Health Organization (WHO, 2016) emphasizes early identification and
intervention as critical to improving outcomes in children with NDDs. From a clinical perspective, testing
the prognostic value of birth weight in this group may inform risk stratification, guide developmental
monitoring, and highlight subgroups of children who may benefit from tailored interventions.

The aim of the present study is to investigate the relationship between birth weight, intellectual
functioning and diagnostic status among children and adolescents referred for suspected NDDs, born at
term (37-41 weeks) within normal BW-range (2500-4500 g). By using data from the Norwegian BUPGen
research and biobank, we examine whether even relatively modest variations in fetal growth
reassociated with differences in cognitive outcomes. To allow comparison with typically developing
children, birth weight was standardized using data from term-born participants without NDDs from the
Norwegian Mother, Father and Child Cohort Study (MoBa) as the reference group (Brandlistuen et al.,
2025), enabling calculation of sex- and gestational age-adjusted birth weight Z-scores. Associations
between birth weight and full-scale 1Q (FSIQ) in the BUPgen sample were tested using linear models.
Group differences in birth weight across all groups were examined using linear models with sex included
as a covariate, testing the overall effect of NDD on birth weight, as well as differences between
diagnostic groups. This approach allowed us to evaluate birth weight as both a continuous predictor of
intellectual functioning and diagnostic outcomes in a real-life clinical study sample enriched for
neurodevelopmental risk and phenotypes.

Methods
Participants

Clinical data were obtained from patients enrolled in BUPgen, a national research registry and biobank
including patients referred to Norwegian specialized health services for clinical assessment of ASD and
other NDDs. Since 2013, approximately 2400 participants have been included in the registry. From this
cohort, 349 children and adolescents were included in the present analyses based on the availability of
birth weight, full-scale IQ, and diagnostic classification data. In addition, participants were restricted to
those born at term (37-41 weeks of gestation) and with birth weight within the range of 2500-4500 g. A
total of 120 participants were excluded from the BUPgen sample due to birth weight outside of this
range.

Among the included participants, 261 (74.8%) were male and 88 (25.2%) were female. Mean birth weight
was 3586 g (SD =462, range: 2600-4500), and mean age at cognitive assessment was 11.4 years (SD =
3.3, range: 4-18). Mean F IQ was 90.8 (SD = 15.4, range: 49-133). Mean standardized birth weight was
- 0.06 (SD =1.12). ASD was the most common diagnosis (n = 248), followed by ADHD (n =68) and ID (n
=7) (Table 1). A subset of participants had no registered ASD, ADHD, or ID diagnosis (n =26). Among
participants without ASD, ADHD, or ID the most common presentations were non-specific emotional and
behavioral symptoms (34.6%) and anxiety, mood, obsessive—compulsive, or other emotional disorders
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(30.8%). One participant had a developmental language disorder, one had an eating disorder, and six
participants (23.1%) had no formal ICD-10 diagnosis assigned. Thus, the “no diagnosis” group
represented a clinically referred population rather than unaffected controls. A subset of participants
fulfilled diagnostic criteria for two neurodevelopmental disorders. Co-occurring ASD and ADHD was the
most common combination (n=61).

Descriptive Characteristics of the Sample (N = 349)

Table 1

Descriptive characteristics of the clinical sample overall and across diagnostic groups. Values are
presented as mean (SD) unless otherwise specified. Standardized birth weight values (Z-scores) were
calculated relative to the population-based MoBa sample of term-born participants without NDDs.
Diagnostic categories were not mutually exclusive; some participants fulfilled criteria for more than one

diagnosis.
Characteristic Total No ASD ADHD ID
sample diagnosis
Participants, n 349 26 248 68 7
Male, n (%) 261 17 (65.4) 194 47 (69.1) 3(42.9)
(74.8) (78.2)
Female, n (%) 88 (25.2) 9 (34.6) 54 (21.8) 21 (30.9) 4 (57.1)
Birth weight, mean (SD), g 3586 3381.5 3605 3622.7 3312.9
(462) (541.5) (459.7) (426.4) (360.2)
Age at assessment, mean 11.4(3.3) 13.0(3.7) 11.2(3.3) 10.9(3.0) 13.7 (4.4)
(SD), years
FSIQ, mean (SD) 90.8 92.7 (18.1) 90.8 92.6 67.1
(15.4) (14.8) (14.9) (10.7)
Standardized birth weight (Z- -0.06 -0.50 -0.01 -0.01 -0.50
score), mean (SD) (1.12) (1.31) (1.13) (0.99) (0.69)

Population based birth weight data were obtained from The Norwegian Mother, Father and Child Cohort
Study MoBa, restricted to term-born individuals without registered NDDs and with birth weight within the
normal range (2500-4500 g, n =90012, 50,2% females, 49,8% males). The Norwegian Mother, Father and
Child Cohort Study (MoBa) is a population- based pregnancy cohort study conducted by the Norwegian
Institute of Public Health. Participants were recruited from all over Norway from 1999-2008. Thewomen
consented to participation in 41% of the pregnancies. The cohort

includes approximately 114.500 children, 95.200 mothers and 75.200 fathers.

MoBa is regulated by the Norwegian Health Registry Act.

Measures
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Intelligence quotient (FSIQ)

IQ was assessed using age-appropriate Wechsler tests of intelligence, namely the Wechsler Intelligence
Scale for Children (WISC) for participants above the age of 6, and The Wechsler Preschool and Primary
Scale of Intelligence (WPPSI) for participants below the age of 6. FSIQ was derived from performance
across multiple cognitive domains and used as a standardized measure of general intellectual ability.
FSIQ is norm-referenced (M = 100, SD = 15) and reflects overall cognitive functioning relative to same-
age peers (Wechsler, 2003, 2008; Wechsler, 2012).

WISC is a widely used, standardized measure of intellectual functioning designed for children aged 6 to
16 years. The test assesses a broad range of cognitive abilities, including verbal and nonverbal
reasoning, working memory, processing speed, and provides an overall estimate of general intellectual
ability relative to age-matched peers. FSIQ is calculated from a core set of subtests spanning five
primary index domains: Verbal Comprehension, Visual—-Spatial Reasoning, Fluid Reasoning, Working
Memory, and Processing Speed. These domains collectively capture both verbal and nonverbal aspects
of intellectual functioning (Wechsler, 2003, 2008; Wechsler, 2012).

WPPSI is a standardized measure of general intellectual functioning designed for children aged
approximately 2 years and 6 months to 7 years and 7 months. FSIQ is derived from core subtests
assessing verbal comprehension, visual—spatial ability, fluid reasoning, working memory, and processing
speed (Wechsler, 2003, 2008; Wechsler, 2012).

Birth weight

Birth weight was defined as the infant’s weight measured immediately after delivery. Information
regarding birth weight was obtained through linkage to the Medical Birth Registry of Norway (MBRN), a
national health registry containing information about all births in Norway.Normal birth weight was
operationalized as 2500-4500 g, consistent with Norwegian population-based growth references (e.g.,
the Bergen Growth Study), in which this interval largely overlaps with the 10th—90th percentile range for
term-born infants (Juliusson et al., 2009).

Diagnostic classification

Diagnostic classification was based on clinical diagnoses recorded in the BUPgen registry and assigned
according to the International Statistical Classification of Diseases and Related Health Problems, 10th
Revision (World Health Organization, 2016). For the present study, analyses were restricted to the main
diagnostic categories ASD, ADHD and ID. ID included ICD-10 codes F70 (mild), F71 (moderate) and F72
(severe). ASD included F84.0 (childhood autism), F84.1 (atypical autism), F84.5 (Asperger syndrome)
and F84.9 (pervasive developmental disorder, unspecified). ADHD included F90.0 (disturbance of activity
and attention) and F90.1 (hyperkinetic conduct disorder). In cases of comorbidity, a hierarchical
classification approach was applied, whereby individuals were assigned to a primary diagnostic group
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according to a predefined hierarchy (ASD > ADHD > ID). In addition, a binary variable indicating the
presence of any NDD was defined.

Ethical Considerations

The study is approved by the Regional Ethical Committee (REK 2019/943; 2009/932; 2016/1756;
240277) and carried out in accordance with the World Medical Association’s Helsinki Declaration.
Written informed consent was obtained from parents or legal guardians on behalf of all participants prior
to inclusion in the study.

Statistical analysis

To investigate the relationship between standardized birth weight, NDDs, and FSIQ within the normal
birth weight range (2500-4500 g), a series of regression analyses were conducted using R version 4.5.3
using RStudio version 2026.03.11; Posit Team, 2023. Robust estimation was performed using the
estimatr package in sensitivity analyses. All statistical tests were two-tailed, with statistical significance
setatp <.05.

Birth weight was standardized using a population-based reference sample from MoBa, restricted to
participants without registered NDDs who were born at term (37-41 weeks of gestation) and within the
normal birth weight range (2500-4500 g, n = 91,953). A linear regression model was fitted in the
reference sample with birth weight as the dependent variable and gestational age and sex as predictors.
Standardized birth weight (Z-scores) in both samples was calculated as the difference between
observed and predicted birth weight divided by the residual standard deviation of the reference model.
Birth weight Z-scores therefore represent deviations from the expected birth weight for gestational age
and sex among term-born children with birth weights within the normal range. To examine whether
standardized birth weight was associated with intellectual functioning, multiple linear regression models
were estimated with FSIQ as the dependent variable and standardized birth weight (Z-score) as the
independent variable. Models were adjusted for sex, with males specified as the reference category. To
explore potential non-linear associations, a quadratic term for standardized birth weight was included in
the regression models. In addition, we tested the interaction effects between standardized birth weight
and sex to evaluate whether the association differed between females and males. Estimated marginal
means and post hoc pairwise comparisons between groups were examined using Tukey-adjusted
contrasts. To assess whether FSIQ scores differed from the normative population mean, one-sample t-
tests were conducted in the total clinical sample and within each clinical group, using an expected mean
IQ of 100.

To examine whether standardized birth weight differed across clinical groups and relative to the
population-based MoBa reference sample, linear regression models were estimated with standardized
birth weight (Z-score) as the dependent variable and group (MoBa, ASD, ADHD, ID, and participants
without registered NDD) included as a categorical predictor. Models were adjusted for sex, with males
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specified as the reference category. The overall effect of group was evaluated using an F-test. Estimated
marginal means were obtained from the fitted model, and pairwise comparisons between groups were
conducted using Tukey-adjusted post hoc contrasts.

Sensitivity analysis

To assess the robustness of the findings, several sensitivity analyses were conducted. First, linear
regression models were re-estimated using heteroskedasticity-consistent (HC2) standard errors.
Second, influential observations were identified using Cook’s distance (threshold 4/n), and analyses were
repeated after exclusion of influential cases. Third, analyses of IQ were repeated after exclusion of
extreme values (1Q < 40 or > 130). Across all models, standardized birth weight (Z-score) was the primary
exposure variable.

Results
Is birth weight associated with FSIQ?

Figure 1 shows the distribution of standardized birth weight (Z-score), and Fig. 2 illustrates the
association between standardized birth weight and FSIQ across all BUPgen participants. Linear
regression analyses revealed no significant association between standardized birth weight and FSIQ (B
=0.81,SE=0.77, p = .295). Sex was also not significantly associated with FSIQ (p = .963), and the model
explained a negligible proportion of variance in FSIQ (R? = 0.007).

To examine potential non-linear associations, a quadratic term for standardized birth weight was
included in the regression model. The quadratic term was not statistically significant (3 =0.63, SE =0.61,
p =.306), indicating no evidence of a non-linear relationship between standardized birth weight and 1Q.
Likewise, there was no evidence of an interaction between standardized birth weight and sex (B = -0.42,
SE =2.00, p = .834), suggesting that the association did not differ between males and females.

One-sample t-tests demonstrated that mean FSIQ in the total clinical sample was significantly lower than
the normative population mean of 100 (mean = 90.84, 95% CI [89.22, 92.46], p < .001). Mean FSIQ was
also significantly below the normative mean within the ASD group (mean =90.84, 95% CI [88.99, 92.70], p
<.001), the ADHD group (mean =92.56, 95% CI [88.96, 96.16], p < .001), and the ID group (mean = 67.14,
95% ClI [57.20, 77.08], p < .001).

Finally, FSIQ differed significantly across diagnostic groups overall (model p = .001), primarily reflecting
substantially lower FSIQ in the ID group compared with the ASD, ADHD, and no-diagnosis groups

(Table 1). Post hoc comparisons showed that the ID group had significantly lower FSIQ than the ASD
group (mean difference = - 23.82, p <.001), the ADHD group (mean difference = - 25.41, p <.001), and
the group without registered diagnoses (mean difference = - 25.91, p <.001). No significant differences
in FSIQ were observed between the ASD and ADHD groups (p = .868), between the ASD and no-diagnosis
groups (p =.909), or between the ADHD and no-diagnosis groups (p =.999).
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Standardized birth weight relative to population
expectations and across clinical groups

Figure 3 shows the distribution of standardized birth weight (Z-score) across MoBa and BUPgen
participants. Linear regression analyses including the population-based MoBa reference sample showed
a significant overall effect of group on standardized birth weight (F(4, 83883) = 3.41, p = .009). Estimated
marginal means adjusted for sex were 0.04 (95% CI [0.03, 0.04]) for the MoBa reference sample, - 0.48
(95% CI [- 0.81, - 0.15]) for participants without registered diagnoses, 0.01 (95% CI [- 0.19, 0.21]) for the
ADHD group, 0.03 (95% CI [- 0.08, 0.14]) for the ASD group, and - 0.51 (95% CI [- 1.14, 0.13]) for the ID
group. Pairwise comparisons using Tukey-adjusted contrasts showed that participants without
registered NDD had significantly lower standardized birth weight than the MoBa sample (p = .020) and
the ASD group (p = .035). No other pairwise differences between groups were statistically significant.

Robustness of findings

Sensitivity analyses yielded results consistent with the primary findings. Robust regression models using
HC2 standard errors produced similar estimates to the main analyses (B =0.92, SE=0.75, p = .220).
Exclusion of influential observations based on Cook’s distance resulted in comparable findings (B = 1.14,
SE=0.72, p =.112). Likewise, exclusion of extreme FSIQ values (IQ < 40 or > 130) yielded similar
estimates (B =0.92, SE=0.73, p =.211), supporting the robustness of the null findings.

Discussion

The present study investigated whether variation in birth weight within the normal term range (2500-
4500 g) was associated with intellectual functioning in a sample of children and adolescents referred for
NDD evaluation. Across all analyses, we found no evidence of a meaningful association between
standardized birth weight and full-scale 1Q, and birth weight explained less than 1% of the variance in IQ.
There was also no indication of non-linear effects or sex-specific associations, and results were
consistent across diagnostic subgroups.

Notably, despite the absence of an association between standardized birth weight and FSIQ, the overall
clinical cohort demonstrated substantially lower intellectual functioning than the normative population.
Mean FSIQ across the entire sample was approximately 9 1Q points below the normative mean of 100,
and mean FSIQ was also significantly below the population norm within the ASD, ADHD, and ID groups.
These findings indicate that the cohort represents a clinically affected population with broadly reduced
cognitive functioning, even though variation in birth weight within the normal range did not explain
individual differences in intellectual ability. This further suggests that factors other than subtle variation
in fetal growth, including genetic, neurobiological, and environmental influences, are likely to play a more
prominent role in shaping cognitive outcomes among clinically referred children and adolescents.
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Extending beyond cognitive outcomes, standardized birth weight did not differ significantly between the
ASD, ADHD, and ID groups. Furthermore, neither the ASD, ADHD, nor ID groups differed significantly from
the population-based MoBa reference sample. These findings suggest that, when excluding premature
and low birth-weight infants, children and adolescents referred for clinical assessment of NDDs did not
deviate systematically from population norms in birth weight after accounting for gestational age and
sex. Taken together, the findings indicate that variation in birth weight within the normal term and weight
has limited relevance for distinguishing between neurodevelopmental diagnostic categories in clinically
referred populations.

Interestingly, participants without registered ASD, ADHD, or ID diagnoses showed significantly lower
standardized birth weight compared with the MoBa reference sample and the ASD group. Although these
participants did not meet criteria for the diagnostic categories examined in the present study, they had
nevertheless been referred for clinical assessment, suggesting the presence of developmental,
behavioral, cognitive, or psychiatric concerns. However, the subgroup was relatively small, and the
finding should therefore be interpreted cautiously. One possible explanation is that these participants
may nevertheless have presented with clinically relevant developmental concerns that prompted referral
to specialized mental health services, despite not meeting criteria for ASD, ADHD, or ID at the time of
assessment. Lower birth weight may therefore reflect broader neurodevelopmental vulnerability that is
not fully captured by the diagnostic categories examined in the present study. The absence of formal
ASD, ADHD, or ID diagnoses does not necessarily indicate typical neurodevelopment. In clinically referred
populations, substantial functional difficulties may still be present even when categorical diagnostic
criteria are not fulfilled.

It is also important to consider that the finding may partly reflect statistical instability related to the
relatively small sample size of the no-NDD group. Confidence intervals were comparatively wide, and
several participants in this subgroup had relatively low standardized birth weight values, contributing to
increased variability within the group. Consequently, the observed difference may reflect sampling
variability rather than a robust or clinically meaningful association. Replication in larger clinically
characterized samples will therefore be important to determine whether this pattern reflects a genuine
association between lower birth weight and broader developmental vulnerability outside traditional NDD
categories.

The current findings differ somewhat from large-scale epidemiological studies reporting robust
associations between low birth weight and neurodevelopmental risk (Cortese et al., 2021). However,
much of the established literature has focused on infants born preterm or with clinically significant
growth restriction (e.g., < 2500 g or SGA) (Peyre et al., 2026; Shenkin et al., 2004). Longitudinal studies
have consistently shown that SGA is associated with lower 1Q, poorer language abilities, and reduced
academic achievement extending into adolescence and adulthood (Guellec et al., 2011). More recently, a
large longitudinal study combining four birth cohorts demonstrated that the association between birth
weight standardized for gestational age and IQ is non-linear, with cognitive performance increasing up to
approximately the 69th birth weight percentile before reaching a plateau, without evidence that higher
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birth weight became detrimental to cognitive functioning (Eves et al., 2023). The same study further
showed that gestational age was independently associated with 1Q, with the steepest gains occurring
before 32 weeks' gestation and more gradual increases up to 41 weeks (Eves et al., 2023). Together,
these findings suggest that both optimal fetal growth and longer gestation contribute to cognitive
development, although the cognitive benefit of increasing birth weight appears to plateau within the
normal range. By restricting the present study to term-born children with birth weights between 2500 and
4500 g, we deliberately excluded participants at the extremes of gestational age and fetal growth, where
previous studies have reported the strongest associations with cognitive outcomes. Consequently, our
findings are consistent with the notion that the birth weight—-1Q relationship may primarily be driven by
the lower end of the birth weight distribution, whereas relatively small differences in birth weight within
the normal term range have limited influence on intellectual functioning. The absence of both linear and
non-linear associations in the present study further suggests that subtle variation in fetal growth among
term-born children may contribute little to cognitive variability within clinically referred populations.

The absence of consistent differences between diagnostic categories highlights the heterogeneity of
neurodevelopmental conditions. NDDs arise from complex interactions between genetic, prenatal, and
environmental factors. Birth weight, while a useful proxy marker of prenatal conditions, may not capture
the multifactorial pathways that contribute to diagnostic status in clinically ascertained cohorts.
Similarly, cognitive outcomes are influenced by complex and heterogeneous neurodevelopmental
mechanisms, including genetic variation, atypical brain connectivity, perinatal complications, and
environmental influences. In this context, relatively subtle birth weight variations within the normal range
represent a crude marker of early neurodevelopmental vulnerability and were insufficient to capture the
multifactorial determinants of intellectual functioning.

From a clinical perspective, these findings suggest that birth weight within the normal term range
(2500-4500 g) has limited standalone predictive value for intellectual functioning among children
referred for NDD assessment. While extreme deviations in birth weight remain well-established
indicators of neurodevelopmental vulnerability, variation within typical limits appears to contribute
minimally to risk stratification in this study. Clinicians should therefore interpret birth weight alongside a
broader constellation of developmental, genetic, neurological, and psychosocial factors. In a specialized
clinical setting where baseline neurodevelopmental risk is already elevated, modest differences in birth
weight may offer little additional explanatory value.

Our findings did not demonstrate a consistent association between standardized birth weight and
specific neurodevelopmental diagnoses. Thus, while Cortese et al. (2021) identified a population-level
gradient of risk across the birth weight distribution, our results suggest that within a diagnostically
enriched clinical cohort, variation in birth weight within the normal range may have limited discriminatory
value.

One potential explanation for this discrepancy lies in differences in study design and population
structure. Cortese et al. (2021) analyzed a general population cohort, where variation in birth weight
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likely captures meaningful differences in fetal growth and associated biological vulnerability across the
full risk spectrum. In such settings, modest reductions in birth weight may contribute incrementally to
the probability of neurodevelopmental impairment. In contrast, clinically referred samples are already
enriched for genetic liability, neurobiological alterations, and developmental concerns. Within this higher-
risk context, the relative contribution of subtle differences in fetal growth may be overshadowed by
stronger etiological factors, reducing the impact of birth weight variation within normative limits.

Our findings can be further contextualized in relation to previous findings that fetal growth exerts
measurable associations with total brain volume and white matter organization across the lifespan, even
within the normal birth weight range (Walhovd et al., 2024). Taken together, these studies support a
model in which birth weight indexes early neurobiological development along a continuum: lower birth
weight reflects subtle alterations in brain maturation that may increase vulnerability at the population
level. However, the population in the current study may be characterized by substantial genetic and
neurodevelopmental heterogeneity which may not translate into detectable differences in cognitive
performance within the normal birth weight range. Thus, while fetal growth appears to contribute to
neurodevelopmental variability, its relative impact may depend on the broader etiological context in
which development unfolds.

A key strength of this study is the use of standardized birth weight (Z-scores), allowing adjustment for
gestational age and sex and enabling a more precise assessment of fetal growth relative to expected

norms. The study also extends previous research by focusing on a heterogeneous clinical population,

providing insights beyond population-based samples.

Several limitations of the present study should be acknowledged. First, intellectual functioning was
assessed using different versions of the Wechsler intelligence scales, selected according to participants’
age at assessment. While all Wechsler instruments are standardized and designed to measure general
intellectual ability, the use of multiple test versions may introduce measurement variability across age
groups. In addition, the clinical groups differed somewhat in mean age at assessment, which may have
contributed additional heterogeneity in cognitive performance. In preschool-aged children and in clinical
populations, cognitive profiles are often uneven, with marked variability across domains. Consequently,
while FSIQ provides a global estimate of intellectual ability, interpretation should consider individual
index scores and qualitative aspects of test performance, particularly in children with suspected or
diagnosed NDDs. These factors may contribute to increased heterogeneity in FSIQ measurement and
should be considered when interpreting the findings. Furthermore, potential effects of fetal growth on
neurodevelopment may become more apparent later in development as cognitive, academic, and social
demands increase. While no association between standardized birth weight and FSIQ was observed in
the present study, subtle developmental effects may emerge more clearly in outcomes such as school
achievement, adaptive functioning, educational attainment, or occupational functioning across
adolescence and adulthood. Longitudinal studies following individuals across developmental stages
may therefore provide a more sensitive framework for understanding the long-term implications of
variation in birth weight within the normal range. The clinical groups also differed somewhat in mean age
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at assessment, with participants in the ID and no-diagnosis groups being somewhat older on average
than those in the ASD and ADHD groups. Although these differences were modest, age-related variation
in cognitive and adaptive demands may nevertheless have influenced the expression and detection of
neurodevelopmental difficulties.

Next, the sample was characterized by a marked overrepresentation of males, reflecting the higher
prevalence of NDDs among boys (Bolte et al., 2023). Nevertheless, this sex imbalance may restrict the
generalizability of the findings, particularly with respect to female cognitive and developmental
trajectories. Future longitudinal studies would allow examination of whether subtle birth weight
differences within the normal range influence developmental trajectories over time. Investigating
interactions with socioeconomic factors, early intervention exposure, and genetic variants and risk
profiles may further clarify under which conditions birth weight contributes to cognitive variability.

In conclusion, among term-born children and adolescents referred for neurodevelopmental assessment,
standardized birth weight within the normal range was not associated with intellectual functioning and
did not meaningfully distinguish between ASD, ADHD, and ID groups. Although the clinical cohort
demonstrated substantially lower intellectual functioning than the normative population, with mean FSIQ
approximately 9 1Q points below the population mean, variation in standardized birth weight within the
normal range did not explain individual differences in cognitive performance. These findings suggest
that factors other than subtle variation in fetal growth, including genetic, neurobiological, and
environmental influences, are likely to play a more prominent role in shaping intellectual functioning
among clinically referred children and adolescents.

Participants without registered ASD, ADHD, or ID diagnoses showed lower standardized birth weight than
the MoBa reference sample and the ASD group; however, this finding should be interpreted cautiously
given the small size and clinical heterogeneity of this subgroup. Overall, the findings suggest that
variation in birth weight within the normal range has limited independent relevance for cognitive
functioning and neurodevelopmental diagnostic classification in clinically referred populations. They
further support the view that previously reported associations between birth weight and
neurodevelopment are primarily driven by preterm birth, clinically significant fetal growth restriction, or
the lower tail of the birth weight distribution, rather than by subtle variation within normative birth weight
ranges.
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Distribution of standardized birth weight
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Figure 1

Distribution of standardized birth weight (Z-score) and FSIQ in the BUPgen sample (n=349).
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Standardized birth weight across diagnostic groups
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Figure 2

Distribution of standardized birth weight (Z-score) across MoBa and BUPgen participants without
registered NDD (n = 26), ADHD (n = 68), ASD (n = 248), and ID (n = 7). Boxes represent interquartile
ranges, horizontal lines within boxes indicate medians, and whiskers represent the range of the data. The
dashed horizontal line indicates the expected population mean (Z = 0).

Page 19/20



Standardized birth weight and FSIQ
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Figure 3

Scatterplot showing the association between standardized birth weight (Z-score) and full-scale 1Q (FSIQ)
in the BUPgen cohort. Each point represents one participant and is colour-coded according to diagnostic
group (ASD, ADHD, ID, or no registered neurodevelopmental disorder [NDD]). The solid blue line
represents the fitted linear regression, with the shaded area indicating the 95% confidence interval. The
vertical dashed line denotes the expected birth weight for gestational age and sex (Z-score = 0).

Page 20/20



