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Background: Children of parents with psychotic disorders
have a >50% increased risk to develop mental health prob-
lems, and over 30% have developed severe mental illness by
early adulthood. Aberrant brain development may underly
this familial risk. We aimed to investigate differences in
brain development, reflected in fetal head circumference
(HC) growth trajectories and HC at birth, between children
of women with psychotic disorders and population-based
controls.
Study Design: We collected fetal ultrasonography assess-
ments at 20, 30, and 36 weeks of gestational age (GA)
from medical records of N = 140 pregnant women having
a psychotic disorder diagnosis and their N = 168 children.
In the Generation R study, ultrasonography assessments
were performed in the first, second, and/or third trimester
in N = 8605 pregnant women and their children. In both
groups, HC at birth was measured with measuring tape.
Study Results: Using generalized additive mixed model-
ing, we observed decreased non-linear fetal HC growth
for offspring of women with psychotic disorders vs. con-
trols from 30.7 weeks GA onwards. At birth, no signifi-
cant difference was observed (b = 0.22, 95% CI [–0.133 to
0.573]), although offspring exposed to maternal psychosis
showed more obstetric complications and suboptimal birth
outcomes, including lower birthweight (b = –136.1, 95% CI
[–229.0 to –43.2]).
Conclusions: This study showed decreased fetal head growth
during the third trimester and lower birthweight in children
of women with psychotic disorders. Together, these findings
highlight potential relevance of altered fetal head growth for
later neurodevelopmental outcomes and provide directions

for possible underlying mechanisms of risk transmission in
psychosis.

Key words: psychosis; schizophrenia; fetal growth;
neonatal head size; birth outcomes; familial high-risk.

Introduction

Psychotic disorders, such as schizophrenia or schizoaf-
fective disorder, are leading causes of disability world-
wide.1 Generally, these severe mental illnesses (SMIs, ie,
psychotic disorders, bipolar disorder, major depressive
disorder) greatly impact a person’s capacity to function
in daily life, often requiring ongoing treatment and
support.2 Children born from parents with SMI do have
a >50% increased risk for developing mental health
problems themselves, and over 30% have developed SMI
by early adulthood.3,4 For psychosis specifically, children
born from parents with psychotic disorders have an
eightfold increased risk to develop psychosis.4 Next to
genetic liability, environmental factors, including peri-
conceptional epigenetic changes and prenatal influence
related to maternal illness during pregnancy, for example
distress and psychotropic medication use, may impact
these offspring’s development already in the fetal period,
although the underlying mechanisms are still largely
unknown.5–8 There is an urgent need to elucidate risk
factors and signs of aberrant (brain) development as
early as possible to inform interventions aiming to prevent
mental illness in offspring at familial high-risk for SMIs
and optimize their life-course health.
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According to the neurodevelopmental model of psy-
chosis, which was introduced over 35 years ago,9,10 the
risk of developing psychosis later in life may be shaped by
alterations in early brain development, notably during the
fetal period. This also aligns well with the developmen-
tal origins of health and disease (DOHaD) framework,
positing that parental factors, including mental disor-
ders in pregnancy, impact on the intrauterine environ-
ment and influence fetal development and later life health
outcomes.11 Considerable evidence now indicates that in
fact many epidemiological, (epi)genetic, neuroimaging,
and environmental factors are related to psychosis,12–14

with the fetal period playing an important role.15 Dur-
ing this period, brain growth is driven by key neurobio-
logical processes, including neurogenesis, synaptogenesis
and myelination, leading to the foundation of crucial
structural and functional networks, subsequently increas-
ing brain volume.16 For example, there is evidence for
an association between poor prenatal maternal mental
health and decreased fetal head growth,5,17,18 suggesting a
link between pre-existing mental illness and altered early
neurodevelopment in offspring. Interestingly, individuals
with schizophrenia often have structural deviations of the
brain, including a smaller intracranial volume (ICV).19,20

Not only is a lower ICV evident among individuals with
psychotic disorders, this is also the case in adolescent off-
spring.21,22 Therefore, aberrant early brain development
may, especially during the fetal period where brain growth
is accelerated,23 form an essential basis in the onset of
SMIs in at-risk offspring.

Head circumference (HC) is a commonly used mea-
surement in fetal neurodevelopmental evaluation and
pediatric growth assessment.24 Given the positive cor-
relation between HC and infant brain volume,24–26 HC
can serve as a suitable proxy for fetal and neonatal brain
growth and development.27 Prior work demonstrated
that on average, individuals who went on to develop
schizophrenia had a smaller HC at birth compared
to controls.28–32 However, these studies had relatively
small sample sizes, which questions the robustness and
reliability of these findings. A smaller HC at birth
may reflect a smaller ICV seen in individuals with
schizophrenia19 and in their offspring.22 Together, these
findings support the idea that smaller HC may be an
early indicator of altered neurodevelopment in offspring
of parents with SMI. However, to date, data on HC and
growth trajectories in populations at-risk for SMIs are
lacking. By studying fetal HC growth trajectories and
head size at birth in offspring of women with and without
psychosis, we will increase our knowledge about possible
aberrant brain development in children at-risk for SMIs
and provide directions for possible underlying neural
mechanisms related to the intergenerational transmission
of mental illness.

This study aims to investigate differences in early brain
development, reflected in fetal HC growth trajectories and

HC at birth, between offspring of women with a psychotic
disorder and population-based controls. First, we explore
differences in fetal HC growth trajectories between both
groups. Second, we investigate if offspring of women
with a psychotic disorder have a smaller HC at birth
compared to population-based control offspring.28–32 We
expect a difference in offset, and/or a decreased growth,
based on prior findings in HC at birth in individuals with
schizophrenia compared to controls.28–32

Method

All study measures, hypotheses, and analyses were prereg-
istered prior to data analyses (https://osf.io/5974s).

Participants

In this retrospective observational study, we collected data
from medical records of N = 155 pregnant women who
had a diagnosis of a psychotic disorder and a total of
N = 192 offspring (n = 37 siblings). All pregnant women
known with a psychotic disorder who were under obstet-
ric care of the department of Obstetrics and Gynecol-
ogy at Erasmus University Medical Centre in Rotter-
dam, the Netherlands and delivered between August 2006
and August 2023 were included in the clinical group. All
women having a singleton pregnancy were included if
they delivered with a live-born infant and had at least
one measurement of fetal HC data of their child (ie,
ultrasound scans ∼20, 30, and/or 36 weeks GA). Women
were excluded in case of a chromosomal or fetal structural
abnormality known to be associated with abnormal HC.
Specifically for HC at birth, only women who delivered
after 37-weeks GA, and with an HC measurement at
birth were included. After exclusions (Supplement 1),
the sample consisted of data from n = 135 women and
their n = 161 live-born offspring (n = 26 siblings) for the
fetal HC analyses, and n = 118 women their n = 138 live-
born offspring (n = 20 siblings) for the HC at birth anal-
yses (total n = 140 women and their n = 168 live-born
offspring, see Table 1). The Medical Ethics Committee
of Erasmus Medical Centre declared this study exempt
from the Medical Research Involving Human Subjects
Act (Protocol no. MEC-2020-0852).

As a control population, pregnant women (N = 9778)
and their offspring (N = 9778) participating in the Gen-
eration R study, a prospective population-based cohort
from early fetal life onwards in Rotterdam, the Nether-
lands (delivery dates: April 2002–January 2006), were
included.33 All women with a singleton pregnancy, whom
delivered with a live-born infant, and with at least one
measurement of fetal HC data of their child (ie, ultra-
sound scans in the first, second, and/or third trimester)
were included in the control group. Specifically for HC at
birth, only women who delivered after 37-weeks GA, and
with an HC measurement at birth were included. The final
sample consists of data from n = 8518 women and their
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Table 1. Participants’ Demographics and Descriptive Statistics

Clinical group (n = 168 offspring of
n = 140 women)

Control group (n = 8605 offspring of
n = 8605 women)

Between groups
t-test/U-testa/χ2-test

Variables Mean (SD)/n (%) Range Mean (SD)/n (%) Range

Maternal characteristics
Age (years) 33.3 (5.91) 16.8–45.0 30.1 (5.31) 15.6–46.9 U = 501 504, P <.001
BMI 27.8 (6.18) 16.6–51.9 24.9 (4.55) 15.2–51.2 U = 460 205, P < .001
Low SES 26 (15.7%) – 1786 (20.8%) – χ2(1) = 2.31, P = .129
Nulliparous, n 79 (47.0%) – 4733 (56.7%) – χ2(1) = 4.67, P = .031
Psychotic disorder

Schizophrenia or schizophreniform disorder 56 (33.3%) – Not assessed –
Schizoaffective disorder 27 (16.1%) – Not assessed –
Brief psychotic disorder 10 (5.95%) – Not assessed –
Unspecified/other Schizophrenia-spectrum and other
psychotic disorder

75 (44.6%) – Not assessed –

Psychopathology based on self-reported vignettes
Depression Not assessed – 1228 (14.3%) –
Mania Not assessed – 412 (4.79%) –
Anxiety Not assessed – 686 (7.97%) –
Psychosis Not assessed – 73 (0.85%) –
Anorexia Not assessed – 301 (3.50%) –
Bulimia Not assessed – 387 (4.50%) –
Substance use disorder Not assessed – 130 (1.51%) –

Psychotropic medication use 136 (80.9%) – 237 (3.01%) – χ2(1) = 2240.2, P < .001
Antipsychotics 132 (78.6%) – 9 (0.13%) –
SSRIs/SNRIs 17 (10.1%) – 99 (1.26%) –
Benzodiazepine 17 (10.1%) – 119 (1.52%) –
Lithium 8 (4.76%) – 0 (0.00%) –
Anti-epileptics 1 (0.06%) – 10 (0.14%) –

Substance use 20 (12.1%) – 767 (9.88%) – χ2(1) = 0.67, P = .413
Cannabis 17 (10.3%) – 225 (3.05%) –
Other drugs 8 (4.85%) – 42 (0.56%) –
Alcohol 5 (3.03%) – 560 (7.29%) –

Smoking during pregnancy 61 (37.0%) – 1402 (18.9%) – χ2(1) = 33.9, P < .001
Gestational diabetes 21 (12.9%) – 89 (1.08%) – χ2(1) = 163.6, P<.001

Child characteristics
Sex, n boys 78 (46.7%) – 4336 (50.4%) – χ2(1) = 0.76, P = .385
Gestational age at ultrasound

20 weeks 20.5 (1.19) 18.6–27.0 20.7 (1.19) 18.0–25.0 U = 564 414, P = .005
30 weeks 30.5 (1.20) 26.9–34.3 30.4 (1.05) 25.0–33.9 U = 515 569, P = .858
36 weeks 35.9 (0.89) 33.9–39.0 35.1 (1.17) 33.9–38.9 U = 2508, P < .001

Fetal growth restrictionb 8 (4.76%) – 133 (1.61%) – χ2(1) = 8.08, P = .004
20-week fetal parameters
HC (mm) 178.0 (15.3) 154.7–254.0 179.5 (14.8) 136.0–247.0 U = 545 288, P = .036
AC (mm) 158.1 (14.2) 131.9–215.0 157.0 (15.1) 111.5–225.0 U = 471 912, P = .539
HC/AC ratio 1.13 (0.05) 1.03–1.25 1.15 (0.06) 0.89–1.62 U = 588 037, P < .001
Biparietal diameter (mm) 49.8 (4.42) 42.5–70.0 50.6 (4.24) 38.0–69.0 U = 574 623, P < .001
Femur length (mm) 32.7 (3.30) 27.1–48.0 33.5 (3.66) 21.0–53.2 U = 568 710, P = .003
Trans-cerebellar diameter (mm) 20.8 (1.64) 18.1–30.7 21.2 (1.88) 15.6–30.0 U = 426 147, P = .029
Estimated fetal weight (g) 373.2 (92.1) 266.0–917.0 382.9 (96.3) 168.7–1037.7 U = 419 504, P = .256

Birth outcome (any GA)
Gestational age at birth 38.9 (2.20) 28.6–42.6 39.8 (1.90) 20.9–43.7 U = 930 123, P < .001
Preterm birth (<37 weeks) 18 (10.7%) – 459 (5.34%) – χ2(1) = 8.25, P = .004
Delivery mode, n vaginal 118 (70.7%) – 6816 (87.8%) – χ2(1) = 42.3, P < .001
Head circumference (cm) 33.9 (2.13) 27.0–39.5 33.8 (1.67) 29.0–39.0 U = 328 728, P = .380
Birthweight (g) 3209.9 (603.9) 1450–4570 3410.8 (561.2) 635–5310 U = 851 073, P < .001
HC/birthweight ratio 0.011 (0.0018) 0.0079–0.020 0.0099 (0.0012) 0.0066–0.019 U = 242 597, P < .001

Birth outcome (GA ≥ 37 weeks) n = 150 n = 8146
Gestational age at birth 39.5 (1.27) 37.0–42.6 40.1 (1.26) 37.0–43.7 t(154.4) = 5.97, P < .001
Delivery mode, n vaginal 107 (71.8%) – 6505 (88.6%) – χ2(1) = 38.0, P < .001
Head circumference (cm) 34.1 (1.92) 29.0–39.5 33.8 (1.65) 29.0–39.0 U = 281 145, P = .087
Birthweight (g) 3286.9 (505.5) 1985–4570 3486.0 (496.7) 1390–5310 t(154.4) = 4.35, P < .001
HC/birthweight ratio 0.010 (0.0013) 0.0081–0.015 0.0099 (0.0012) 0.0066–0.016 U = 221 356, P < .001

aAs assumptions of normality and/or equal variances were not met, a nonparametric Mann–Whitney U-test was conducted. bFetal
growth restriction was defined as AC or EFW < p10 in the clinical cohort and as decrease in EFW growth between the second trimester
and birth of ≥40 percentiles in the population-based cohort. Abbreviations: AC, abdominal circumference; EFW, estimated fetal weight;
GA, gestational age; HC, head circumference.
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n = 8518 live-born offspring for fetal HC analyses, and
n = 4452 for HC at birth analyses (total n = 8605 women
and their n = 8605 live-born offspring, see Table 1). The
Generation R study was conducted in accordance with
the guidelines proposed in the World Medical Association
Declaration of Helsinki and was approved by the Medical
Ethics Committee of Erasmus Medical Centre. Written
consent was obtained from all participants.

Psychopathology

In the clinical group, information on psychiatric diag-
nosis, established by a psychiatrist based on Diagnostic
and Statistical Manual of Mental Disorders (DSM)
criteria, was collected via the medical records. We
included all women with schizophrenia, schizoaffective
disorder, brief psychotic disorder, or psychotic disorder
not otherwise specified (PNOS). For population-based
controls, psychiatric symptoms were assessed via self-
reported vignettes, see also Enthoven et al.34 In particular,
women were categorized with a psychiatric disorder if
they reported they had suffered from depression, mania,
anxiety, psychosis, anorexia, bulimia and/or substance
use disorder in their lifetime.

Fetal and Birth Measurements

For the clinical group, all women were offered a fetal
anomaly scan at ∼20-weeks GA from 2007 onwards.
Ultrasound measurements of fetal growth were done at
∼30- and 36-weeks GA as part of comprehensive ante-
natal care. For the control group, fetal ultrasonography
measurements were performed in the first, second and/or
third trimesters.35 For both groups, these measurements
were conducted by qualified sonographers using stan-
dardized procedures according to international quality
standards set by the International Society of Ultrasound
in Obstetrics and Gynecology.36 The records of these
ultrasound scans were evaluated to estimate fetal HC. For
harmonization purposes, we deviated from the preregis-
tration (https://osf.io/5974s): instead of using HC data
from all three trimesters, we only included HC data from
the second and third trimesters, as no data from the first
trimester was available in the clinical group (although
in- or excluding first trimester data did not impact our
findings, see Supplement 2). Furthermore, we created a
36-week GA variable for the control group by selecting
all women having an ultrasound at ≥33 + 6 weeks GA.
The birth parameters HC and birthweight were collected
from the medical records. HC at birth was measured by
an obstetric or neonatal nurse using a measuring tape.

Next to HC, the following fetal biometric parame-
ters were collected: abdominal circumference (AC), bi-
parietal diameter (BPD), and femur length (FL). Addi-
tionally, ∼20 weeks GA trans-cerebellar diameter (TCD)
was measured. Estimated fetal weight (EFW) was cal-
culated based on the Hadlock-formula.37 In the current

study, AC, BPD, FL, TCD, and EFW were only used for
descriptive statistics. In both groups, GA was assessed
in the first trimester based on crown to rump length of
the fetus, and in the second trimester based on BPD. For
the control group, both the intra-observer and interob-
server reliabilities of fetal biometry in early pregnancy
were excellent, with all intraclass correlation coefficients
>0.98.38 For the clinical group, no data on intra- and
interobserver reliabilities were available.

Confounding Variables

Based on prior studies on fetal growth,5,27 we included
child’s sex, maternal age, body mass index (BMI), neigh-
borhood socioeconomic status (SES), parity, smoking,
gestational diabetes, substance use, and psychotropic
medication use (ie, any exposure during pregnancy), and
additionally for HC at birth GA at birth and delivery
mode, as potential confounders. For the clinical group,
these variables were collected from the medical charts.
Neighborhood SES was estimated based on postal code,
using the corresponding SES based on welfare, education,
and labor (SES-WOA) score calculated by Centraal
Bureau voor Statistiek (Dutch Bureau of Statistics). This
score is calculated based on three characteristics: financial
welfare (the national wealth decile of the household),
education (the education level of the household) and work
(the household’s recent employment history). The average
SES-WOA score per neighborhood was calculated based
on the sum of the three abovementioned sub-scores per
household, not including students. We used publicly
available lists from Centraal Bureau voor Statistiek of
the average SES-WOA score per postal code area of
the year the child was born. As the SES-WOA score is
available since 2014, we used the 2014 list to estimate
neighborhood SES for all children born before 2014.
We divided the participants’ SES-WOA scores in five
quintiles, and designated the lowest quintile (ie, SES-
WOA score ≤ –0.547) as low SES as opposed to the four
other quintiles, to create a low SES variable (yes/no).

For the control group, BMI was measured during
the first Generation R study visit. Maternal age, postal
code to estimate neighborhood SES, and obstetric
information were based on self-report. Maternal pre-
natal smoking, alcohol, and hard drugs (ie, cocaine,
ecstasy, heroin, and other drugs) use was obtained
by questionnaires in each trimester. Information on
cannabis use during pregnancy was obtained by a
questionnaire in early pregnancy and by urine samples.
Information on psychotropic medication use during
pregnancy was collected via both questionnaires in
each trimester and pharmacy records.17 To harmonize
variables with data from the clinical group, we dummy
coded these variables into “not during pregnancy”
and “during pregnancy”. Furthermore, we merged
prenatal alcohol, cannabis, and hard drugs use to
create a single substance use variable (yes/no). Use
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of antipsychotics, lithium, selective serotonin reuptake
inhibitors (SSRIs), serotonin-norepinephrine reuptake
inhibitors (SNRIs), benzodiazepine, and/or anti-epileptics
were merged to create a single psychotropic medication
use variable (yes/no). Birth measurements, ie, GA at
birth and delivery mode, were collected from the medical
charts.

Statistical Analyses

Statistical analyses were performed with R (v4.3.2,
https://www.R-project.org) using the packages Mul-
tivariate Imputation by Chained Equations (MICE),
mgcv, gratia, and lme4. Missing data of covariates, ie,
child’s sex (0.05%), maternal age (0.01%), BMI (0.90%),
neighborhood SES (0.18%), parity (1.22%), smoking
(12.5%), gestational diabetes (4.10%), substance use
(9.67%), psychotropic medication use (ie, any exposure
during pregnancy; 8.39%), GA at birth (0.06%) and
delivery mode (9.62%) were imputed using the MICE
algorithm.39 MICE uses the fully conditional specification
method, modeling each variable with missing data as a
function of all other variables in the dataset. We generated
25 imputed data sets. Outcome and predictor variables
were not imputed. Subsequently, analyses were performed
on each completed dataset separately and combined to
one pooled estimate.

To analyze how fetal head growth over the different
time-points (GA range high-risk group: 18.6–39.0 weeks;
population based controls: 18.0–38.9 weeks) varied as a
function of group, controlling for covariates, and family
membership, we used Generalized Additive Mixed Mod-
els (GAMM).40 This technique is well suited for fitting
nonlinear relationships through local smoothing effects,
independent of any predefined model. To counteract
potential overfitting and ensure stable estimation of
smooth age trajectories, we selected the number of basis
smooth functions (k parameters) as four, in line with
recommendations from simulation-based studies and
applied GAM literature.41–44 To model potential non-
linear trajectories of fetal head growth, we applied a
smoothing function to model GA in weeks (predictor).
Opting for smooth splines, we aimed to better capture
essential nonlinear changes that traditional polynomials
might overlook. We designated fetal HC as the response
variable in the GAMM analysis. We also included a
smoothing function f, incorporating random effects
for each subject. Additionally, group membership was
considered as a predictor in our GAMM. Furthermore,
we incorporated the smooth GA∗group interaction term
in the GAMM to estimate the average change in head
growth per gestational week for each group separately.

Trajectories were visually compared across groups with
a difference curve. Trajectories were interpreted as signifi-
cantly different if zero was not included in the confidence
interval of the difference curve. Statistically, trajectories
were compared using linear mixed effects (LME) models,

by assessing whether the change in head growth over time
differed significantly between the groups, ie, a significant
interaction between group and GA time point, as was
done before by Chan et al. (2024).45

To examine differences in HC at birth, HC at birth/
birthweight, and birthweight between groups, while con-
trolling for our covariates, we used LME models, with
offspring HC(/birthweight) as outcome, including family
membership as random effect.

A P-value of <.05 was considered to be statistically
significant in all analyses, and the “false discovery rate”
(FDR; Benjamín-Hochberg) correction was applied to
correct for multiple testing with regards to the analyses at
birth (n = 3 outcomes, ie: HC at birth, HC at birth/birth-
weight, and birthweight).

Sensitivity Analyses

To assess the robustness of our main analysis, we
performed several separate sensitivity analyses with
subsets of the control group: (i) excluding women who
self-reported having a psychiatric disorder and/or used
medication; (ii) retaining women who self-reported hav-
ing a psychiatric disorder, but excluding women who used
medication; (iii) retaining women who used medication,
but excluding women who self-reported having a psychi-
atric disorder (which deviated from our preregistration
(https://osf.io/5974s), where we accidentally stated; (iv)
retaining women who self-reported having a psychiatric
disorder and/or who used medication). Furthermore, we
conducted a whole-sample sensitivity analysis excluding
offspring with fetal growth restriction and/or offspring
of women who used substances (ie, alcohol, hard drugs,
cannabis, cigarettes) during pregnancy, given the known
negative impact on fetal (head) growth.46,47

Results

Descriptive Characteristics

Descriptive characteristics are shown in Table 1. On
average, maternal age (P<.001) and BMI (P<.001) were
higher in the clinical group compared to the control
group. Psychotropic medication use during pregnancy
was, as expected, far more common in the clinical group
than in the control group (80.9% vs. 3.0%; P<.001), as was
having gestational diabetes (12.9% vs. 1.1%; P<.001). A
higher percentage of women in the clinical group smoked
during pregnancy (37.0% vs. 18.6%; P<.001), while
substance use did not differ between groups (P=.413).
In the control group, more women were nulliparous
vs. the clinical group (P=.031). With regards of the
child, the distribution of sex did not differ between both
groups (P=.385). Intrauterine fetal growth restriction
was more common in the clinical group vs. the control
group (4.8% vs. 1.6%; P=.004). Gestational age at birth
(P<.001), and birthweight (P<.001) were on average
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Table 2. Linear Mixed Effects Model Results of Fetal Head Growth Differences Between Offspring of Women with a Psychotic Disorder
and Control Offspring

Effect Estimate b Standard Error Statistic t (df) P-value

Intercept –165.8 3.01 –55.1 (16 534.2) <.001∗∗∗
Group –39.5 9.74 –4.06 (16 543.1) <.001∗∗∗
Gestational age 20.4 0.24 85.0 (16 546.2) <.001∗∗∗
Gestational age2 –0.19 0.00 –40.2 (16 546.2) <.001∗∗∗
Gestational age x Group 3.33 0.74 4.50 (16 547.2) <.001∗∗∗
Gestational age2x Group –0.07 0.01 –5.06 (16 547.1) <.001∗∗∗

Note. Findings from linear mixed effects (LME) model testing for a significant difference in the nonlinear trajectory of fetal head growth
between offspring of women with a psychotic disorder and control offspring. Pooled LME model effect parameters of fetal head
circumference predicted by group (reference = control group), gestational age,2 and their interactions are shown. The model was adjusted
for child’s sex, maternal age, BMI, SES (based on postal code), parity, smoking, gestational diabetes, substance use, and psychotropic
medication use.

lower in the clinical group compared to the control group.
Furthermore, premature birth (P=.004) and cesarean
section as opposed to vaginal delivery (P<.001), were
more common in the clinical group.

Fetal HC Growth Trajectories

Using GAMM, we observed a non-linear increase in
fetal head growth for both the control group (e.d.f. =
1.999, F = 380 071, P<.001) (Figure 1A) and the clinical
group (e.d.f. = 1.996, F = 10 437, P<.001) (Figure 1B).
To compare these trajectories with each other, we
plotted a difference curve. The difference curve showed
a positive value (a less pronounced increase for off-
spring of women with a psychotic disorder relative to
control offspring) from 30.7 weeks GA onwards, see
Figure 1C.

To test this difference statistically, we used LME mod-
eling, and found a significant difference in the nonlinear
trajectory of fetal HC growth between groups, ie, a sig-
nificant interaction between group and GA2 (b = –0.07,
SE = 0.01, t(16547.1) = –5.06, P<.001, 95% CI [–0.09 to
0.04]), see Figure 2 and Table 2 for effect parameters,
and see Supplement 3 for the model effect parameters
when only including main effects. Post-hoc analyses using
pairwise comparisons of estimated marginal means with
multiple comparison adjustments (Tukey’s HSD) showed
that from 31 weeks GA onwards, offspring of women
with a psychotic disorder showed decreased fetal HC
growth relative to control offspring (b = 1.54, SE = 0.76,
t(2323) = 2.04, P=.042, 95% CI [0.05–3.03]; at 32 weeks
GA: (b = 2.50, SE = 0.73, t(1987) = 3.42, P<.001, 95% CI
[1.07–3.93]).

HC at Birth

At birth, we found no significant difference in HC
between groups (b = 0.22, SE = 0.18, t(3899.4) = 1.27,
P=.205, FDR-corrected P=.205, 95% CI [–0.133 to
0.573]), see Figure 3A. However, we found a significant
effect of group on HC/birthweight ratio (b = 0.00,

SE = 0.00, t(3055.3) = 4.04, P<.001, FDR-corrected
P<.001, 95% CI [0.0003–0.0007]), see Figure 3B, as well
as on birthweight (b = –136.1, SE = 47.4, t(3124.8) = –
2.87, P=.004, FDR-corrected P=.006, 95% CI [–229.0 to
43.2]), see Figure 3C. HC divided by birthweight reflects
the balance between head size and overall body size. That
is, HC at birth of offspring of women with a psychotic
disorder as compared to control offspring is larger relative
to offspring’s overall body size, while total body size is
smaller in high-risk offspring.

Sensitivity Analyses

All group findings with regards to fetal HC remained
stable after (i) excluding offspring of women who self-
reported having a psychiatric disorder and/or used medi-
cation within the control group (n = 2722 exclusions); (ii)
retaining offspring of women who self-reported having
a psychiatric disorder, but excluding offspring of women
who used medication within the control group (n = 973
exclusions); (iii) retaining offspring of women who used
medication, but excluding offspring of women who self-
reported having a psychiatric disorder within the control
group (n = 1974 exclusions); (iv) excluding offspring of
women with fetal growth restriction and/or who used
substances during pregnancy (control group: n = 3272
exclusions clinical group: n = 70 exclusions), see Supple-
ment 4 for details.

At birth, we found a significant effect of group on
HC (b = 0.51, SE = 0.23, t(2905.5) = 2.18, P=.029) when
rerunning analyses with subgroup iv, indicating that HC
at birth was larger in offspring of women with psychotic
disorders compared to control offspring when excluding
offspring with fetal growth restriction and/or offspring
of women using substances during pregnancy. The group
findings related to HC/birthweight ratio and birthweight
remained stable. Furthermore, our main findings did not
change when rerunning analyses with subgroup (iii) (ie,
retaining offspring of women who used medication, but
excluding offspring of women who self-reported having a
psychiatric disorder within the control group). However,
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Figure 1. Fetal head circumference growth trajectories using GAMM. Trajectories estimating the effect of gestational age (GA) in weeks
for control offspring (A) and offspring of women with a psychotic disorder (B) separately. The y-axis displays the GAM-estimated additive
effect of GA in weeks. Markings on the x-axis show individual GA data points. (C) Difference curve graphically showing the differences
between the two trajectories in panels A and B (ie, subtracting the estimated effects of GA: Control offspring—High-risk offspring).
Trajectories are considered to be significantly different if the confidence interval does not include zero (ie, second part of curve: From
30.7 weeks onwards).

group findings disappeared when rerunning analyses
with subgroup (i) (ie, excluding offspring of women
who self-reported having a psychiatric disorder and/or
used medication within the control group) and subgroup

(ii) (ie, retaining offspring of women who self-reported
having a psychiatric disorder, but excluding offspring of
women who used medication within the control group,
see Supplement 5.
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Figure 2. Differences in fetal head circumference growth between offspring of women with psychotic disorders and control offspring, plotted
by gestational age in weeks with (A) and without (B) individual data points. Based on linear mixed effects models that were adjusted
for child’s sex, maternal age, BMI, SES (based on postal code), parity, smoking, gestational diabetes, substance use, and psychotropic
medication use. Shaded areas represent 2.5% and 97.5% confidence intervals (ie, ±1.96∗standard error).

Next to our preregistered sensitivity analyses, we
explored sex specific effects on HC, see Supplement 6.

Discussion

This study examined differences in fetal head growth
trajectories and HC at birth between offspring of women
with a psychotic disorder and population-based controls.
We found decreased fetal head growth during the third
trimester, ie, after 31 weeks of gestational age, in offspring
at familial risk for SMIs compared to control offspring
born at term (gestational age ≥ 37 weeks). This finding
was robust, as excluding offspring of women who self-
reported having a psychiatric disorder and/or used

medication in the control group did not affect this finding,
neither did excluding offspring of women who used
substances or who experienced fetal growth restriction.
Although we did not find a difference in HC at birth
between the groups, birthweight was lower in familial
high-risk offspring, even after correction for confounders.
Furthermore, HC at birth in these children relative to
their overall body size was larger compared to controls.
This might indicate that brain growth is preserved as
long as possible when fetal growth is reduced, but the
association could also be primarily driven by birthweight.
However, these at birth findings were less robust to
our sensitivity analyses, and need to be interpreted
cautiously.
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Figure 3. Differences in birth measurements between offspring of women with psychotic disorders and control offspring, plotted by
gestational age at birth in weeks. Based on linear mixed models that were adjusted for child’s sex, maternal age, BMI, SES (based on
postal code), parity, smoking, gestational diabetes, substance use, psychotropic medication use, GA at birth and delivery mode. (A) Head
circumference at birth (in cm) did not differ between groups. (B) The head circumference at birth/birthweight ratio was significantly higher
in high-risk offspring vs. controls. (C) Birthweight (in g) was significantly lower in high-risk offspring vs. controls.

Our finding of decreased fetal head growth in the
third trimester in maternal high-risk compared to
control offspring hints toward an association with brain
differences already during the fetal period, possibly
putting these offspring at-risk for SMIs later in life. This
idea corroborates with the neurodevelopmental model of
psychosis,9,10 as well as with the DOHaD framework,11

reflecting the importance of the fetal period for lasting
consequences across the life course. Furthermore, it
aligns with prior work showing that poor prenatal
maternal mental health relates to decreased fetal head
growth,5,17,18 and work showing that adolescent offspring
of people with schizophrenia and adult patients with
schizophrenia have a smaller ICV.19–22 Especially the
deviation from the third trimester onwards is striking,
given that during that period myelination starts and
neural circuit refinement occurs via processes including
synaptogenesis, axonal growth, and pruning, resulting in
the earliest structural and functional brain networks.48,49

Therefore, the establishment of neural networks in
the early developing brain may be affected in at-risk
offspring, under influence of (epi-)genetic factors, in utero
exposures, including exposure to increased cortisol levels,
medication, as well as other factors, such as low SES, poor
nutrition and exposure to substances.49,50 Interestingly,
the effect on fetal HC was found after correcting for
some of these important factors, including low SES,
medication and substance use. Further understanding
of the factors and mechanisms involved with altered fetal
brain development may open up possibilities for early
interventions improving outcomes in offspring of women
with psychotic disorders.51

At birth, however, we did not find a difference in HC
between groups. Generally, inferences based on HC at
birth are much more imprecise than fetal HC inferences,

given both the type of measurement (ie, using a measuring
tape instead of ultrasound), and the malleable character
of the head during delivery. That is, a vaginal delivery,
especially if induced with vacuum extraction, can hugely
impact head shape.52 Indeed, vaginal delivery, as opposed
to cesarean delivery was also a highly significant predictor
of HC in our model, whereas it was an insignificant
predictor of birthweight, which may question the reli-
ability of HC at birth. Of note, given that the found
differences in fetal HC growth are still relatively small, ie,
∼13 mm at 39 weeks GA, both the head deformations and
the impreciseness of measurement tape may overshadow
these subtle differences at birth. Even with ultrasound,
there is an intrinsic limitation of measuring head size
during the last part of the third trimester, due to the
engagement of the fetal head into the pelvis.53 Future
studies should look at HC trajectories after birth, for
example after one week and up, and/or use more precise
ways to measure postnatal HC, for example via 3D laser
scanning or MRI,54 to examine whether decreased head
growth is (still) present in the postnatal period, and if so,
whether or not these children experience catch-up growth
over time. Furthermore, given the exceptionally rapid
brain growth during the earliest days of life, fetuses (and
infants) might be particularly vulnerable, but at the same
time particularly responsive to interventions,51 advocating
for the need to both monitor and research families with
at-risk offspring in this precarious life phase.

Generally, women with psychotic disorders experienced
more obstetric complications and had a suboptimal
birth outcome, including gestational diabetes, restricted
fetal growth, lower birthweight, lower gestational age at
birth, more preterm birth and more cesarean section as
opposed to vaginal delivery. Our findings corroborate
with those from a recent meta-analysis investigating
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adverse obstetric and neonatal outcomes in women
with schizophrenia-spectrum disorders.55 However, this
concurrent population-based cohort study revealed that
the elevated risk of negative obstetric and neonatal
outcomes might largely be explained by maternal con-
founding factors associated with these disorders, such as
maternal substance use (although this did not impact
main findings in our study), psychiatric and physical
comorbidities, and psychotropic medication use during
pregnancy, rather than the disorder itself. Therefore,
close monitoring and patient-centered care interventions
targeting such modifiable maternal risk factors that may
impact fetal brain development are needed to decrease
adverse outcomes in women with psychotic disorders and
improve their offsprings health across the life course.55

A major strength of this study is the number of off-
spring of women with a psychotic disorder included,
being compared with a population-based sample, facili-
tated by the Generation R study, which further increased
the power of this study and the robustness of our findings.
However, this study is not without limitations. First, with
respect to the clinical group involving women with a
psychotic disorder, we could not disentangle the effects
of psychotropic medication use on fetal head growth
trajectories, given its high incidence. Furthermore, we
were not able to assess information on the fathers of
these offspring, and we lacked information on the severity
of the disorder, nutrition, psychosocial factors, maternal
viral infection including COVID-19 infection, pericon-
ceptional factors, and experienced stress, which all could
have impacted our findings. Particularly COVID-19 infec-
tion has previously been associated with pregnancy and
neonatal outcomes, including increased maternal stress,
more severe maternal illness, offspring gestational age,
birthweight, and potentially fetal brain development.56–58

Additionally, as preterm birth occurred significantly more
often in women with psychotic disorders, this may have
introduced a sampling bias. With respect to the Gener-
ation R study sample, it should be noted that late third
trimester measurements (∼36 weeks GA) were scarce
(ie, n = 88), indicating that replication of our findings in
larger samples is warranted. Overall, given that multiple
measures at multiple timepoints during pregnancy are
involved, this study might be especially prone to selection
bias. Finally, residual confounding, ie, unmeasured fac-
tors associated with both (fetal) head growth and having
familial high-risk for SMIs cannot be ruled out due to the
observational nature of the study, neither can causality be
inferred.

In sum, we found decreased fetal head growth in
offspring of women with psychotic disorders compared
to controls in the third trimester, ie, from 31 weeks
of gestational age onwards. Moreover, these offspring
more often had unfavorable birth outcomes, including
lower birthweight, more preterm birth and their mothers
experienced more obstetric complications. Together, these

findings give us directions for possible underlying (neural)
mechanisms already during the fetal period related to
the intergenerational transmission of risk for mental
illness.

Acknowledgments

We would like to acknowledge the contribution of
children and parents, general practitioners, hospitals,
midwives, and pharmacies in Rotterdam for their par-
ticipation in the Generation R study.

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin.

Funding

This work was supported by the Sophia Foundation
(WAR22-68 [to NEMvH]). Dr. van Haren and Dr.
van Houtum were supported by the European Union’s
Horizon Europe Research and Innovation Program
(FAMILY; Grant agreement 101057529). Dr. El Marroun
was supported by the Stichting Volksbond Rotterdam,
the Netherlands Organization for Scientific Research
(NWO) Aspasia grant (No. 015.016.056), and the Euro-
pean Union’s Horizon 2020 Research and Innovation
Program (HappyMums; Grant agreement 101057390).
Dr. Koc was supported by grant 953327 from the
Marie Skłodowska-Curie Actions Innovative Training
Networks program (Serotonin and Beyond).

The funders had no role in the design and conduct of
the study; collection, management, analysis, and interpre-
tation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for
publication.

Conflicts of Interest

The authors have declared that there are no conflicts of
interest in relation to the subject of this study.

References

1. Vos T, Barber RM, Bell B, et al. Global, regional, and national
incidence, prevalence, and years lived with disability for 301
acute and chronic diseases and injuries in 188 countries, 1990–
2013: A systematic analysis for the global burden of disease
study 2013. Lancet. 2015;386:743-800.

2. Rössler W, Salize HJ, Van Os J, Riecher-Rössler A. Size of
burden of schizophrenia and psychotic disorders. Eur Neu-
ropsychopharmacol. 2005;15:399-409.

3. Rasic D, Hajek T, Alda M, Uher R. Risk of mental illness in
offspring of parents with schizophrenia, bipolar disorder, and
major depressive disorder: A meta-analysis of family high-risk
studies. Schizophr Bull. 2014;40:28-38.

10

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbaf171/8267016 by guest on 22 O

ctober 2025

https://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sbaf171#supplementary-data
https://academic.oup.com/schizophreniabulletin
https://academic.oup.com/schizophreniabulletin
https://academic.oup.com/schizophreniabulletin
https://academic.oup.com/schizophreniabulletin
https://academic.oup.com/schizophreniabulletin


Schizophrenia Bulletin, 2025, Vol. 00, No. 00

4. Uher R, Pavlova B, Radua J, et al. Transdiagnostic risk of
mental disorders in offspring of affected parents: A meta-
analysis of family high-risk and registry studies. World Psychi-
atry. 2023;22:433-448.

5. Henrichs J, Schenk JJ, Roza SJ, et al. Maternal psychological
distress and fetal growth trajectories: The generation R study.
Psychol Med. 2010;40:633-643.

6. Lipner E, Murphy SK, Ellman LM. Prenatal maternal stress
and the cascade of risk to schizophrenia spectrum disorders in
offspring. Curr Psychiatry Rep. 2019;21:1-11.

7. Vigod SN, Gomes T, Wilton AS, Taylor VH, Ray JG. Antipsy-
chotic drug use in pregnancy: High dimensional, propen-
sity matched, population based cohort study. BMJ. 2015;
350:350.

8. Vaiserman AM. Epigenetic programming by early-life stress:
Evidence from human populations. Dev Dyn. 2015;244:
254-265.

9. Murray RM, Lewis SW. Is schizophrenia a neurodevelopmen-
tal disorder? Br Med J (Clin Res Ed). 1987;295:681-682.

10. Weinberger DR. Implications of normal brain development
for the pathogenesis of schizophrenia. Arch Gen Psychiatry.
1987;44:660-669.

11. Barker DJP. The origins of the developmental origins theory.
J Intern Med. 2007;261:412-417.

12. Murray RM, Bhavsar V, Tripoli G, Howes O. 30 years on: How
the neurodevelopmental hypothesis of schizophrenia mor-
phed into the developmental risk factor model of psychosis.
Schizophr Bull. 2017;43:1190-1196.

13. Schmitt A, Falkai P, Papiol S. Neurodevelopmental distur-
bances in schizophrenia: Evidence from genetic and environ-
mental factors. J Neural Transm. 2023;130:195-205.

14. Richetto J, Meyer U. Epigenetic modifications in schizophre-
nia and related disorders: Molecular scars of environmental
exposures and source of phenotypic variability. Biol Psychiatry.
2021;89:215-226.

15. Davies C, Segre G, Estradé A, et al. Prenatal and perinatal risk
and protective factors for psychosis: A systematic review and
meta-analysis. Lancet Psychiatry. 2020;7:399-410.

16. Kaiser M. Mechanisms of connectome development. Trends
Cogn Sci. 2017;21:703-717.

17. El Marroun H, Jaddoe VWV, Hudziak JJ, et al. Maternal use
of selective serotonin reuptake inhibitors, fetal growth, and
risk of adverse birth outcomes. Arch Gen Psychiatry. 2012;69:
706-714.

18. Lewis AJ, Austin E, Galbally M. Prenatal maternal mental
health and fetal growth restriction: A systematic review. J Dev
Orig Health Dis. 2016;7:416-428.

19. Van Erp TGM, Hibar DP, Rasmussen JM, et al. Subcor-
tical brain volume abnormalities in 2028 individuals with
schizophrenia and 2540 healthy controls via the ENIGMA
consortium. Mol Psychiatry. 2016;21:547-553.

20. Haijma SV, Van Haren N, Cahn W, Koolschijn PCMP,
Hulshoff Pol HE, Kahn RS. Brain volumes in schizophre-
nia: A meta-analysis in over 18 000 subjects. Schizophr Bull.
2013;39:1129-1138.

21. Collin G, Scholtens LH, Kahn RS, Hillegers MHJ, van den
Heuvel MP. Affected anatomical rich club and structural–
functional coupling in young offspring of schizophrenia and
bipolar disorder patients. Biol Psychiatry. 2017;82:746-755.

22. van Haren NEM, Setiaman N, Koevoets MGJC, Baalbergen
H, Kahn RS, Hillegers MHJ. Brain structure, IQ, and psy-
chopathology in young offspring of patients with schizophre-
nia or bipolar disorder. Eur Psychiatry. 2020;63:e5.

23. Bethlehem RAI, Seidlitz J, White SR, et al. Brain charts for the
human lifespan. Nature. 2022;604:525-533.

24. Bartholomeusz HH, Courchesne E, Karns CM. Relation-
ship between head circumference and brain volume in
healthy normal toddlers, children, and adults. Neuropediatrics.
2002;33:239-241.

25. Cooke RWI, Lucas A, Yudkin PLN, Pryse-Davies J. Head
circumference as an index of brain weight in the fetus and
newborn. Early Hum Dev. 1977;1:145-149.

26. Lindley AA, Benson JE, Grimes C, Cole Iii TM, Herman
AA. The relationship in neonates between clinically measured
head circumference and brain volume estimated from head CT-
scans. Early Hum Dev. 1999;56:17-29.

27. Steenweg-de Graaff J, Roza SJ, Walstra AN, et al. Associations
of maternal folic acid supplementation and folate concentra-
tions during pregnancy with foetal and child head growth: The
generation R study. Eur J Nutr. 2017;56:65-75.

28. Cantor-Graae E, Ismail B, McNeil TF. Neonatal head circum-
ference and related indices of disturbed fetal development in
schizophrenic patients. Schizophr Res. 1998;32:191-199.

29. McNeil TF, Cantor-Graae E, Nordström LG, Rosenlund T.
Head circumference in ‘preschizophrenic’and control neonates.
Br J Psychiatry. 1993;162:517-523.

30. Kunugi H, Takei N, Saito K, Akizuki S, Murray RM, Nanko
S. Relationship between impairment of prenatal brain growth
and family history of psychosis in schizophrenia. J Psychiatr
Res. 1996;30:475-481.

31. Kunugi H, Takei N, Murray RM, Saito K, Nanko S. Small
head circumference at birth in schizophrenia. Schizophr Res.
1996;20:165-170.

32. McNeil TF, Cantor-Graae E, Ismail B. Obstetric complica-
tions and congenital malformation in schizophrenia. Brain Res
Rev. 2000;31:166-178.

33. Jaddoe VWV, Mackenbach JP, Moll HA, et al. The gener-
ation R study: Design and cohort profile. Eur J Epidemiol.
2006;21:475-484.

34. Enthoven CA, El Marroun H, Koopman-Verhoeff ME,
et al. Clustering of characteristics associated with unplanned
pregnancies: The generation R study. BMC Public Health.
2022;22:1957.

35. Verburg BO, Steegers EAP, De Ridder M, et al. New charts
for ultrasound dating of pregnancy and assessment of fetal
growth: Longitudinal data from a population-based cohort
study. Ultrasound Obstet Gynecol Off J Int Soc Ultrasound
Obstet Gynecol. 2008;31:388-396.

36. Salomon LJ, Alfirevic Z, Da Silva Costa F, et al. ISUOG
practice guidelines: Ultrasound assessment of fetal biometry
and growth. Ultrasound Obstet Gynecol. 2019;53:715-723.

37. Hadlock FP, Harrist RB, Sharman RS, Deter RL, Park
SK. Estimation of fetal weight with the use of head, body,
and femur measurements—A prospective study. Am J Obstet
Gynecol. 1985;151:333-337.

38. Verburg BO, Mulder PGH, Hofman A, Jaddoe VWV, Wit-
teman JCM, Steegers EAP. Intra-and interobserver repro-
ducibility study of early fetal growth parameters. Prenatal
Diagnosis: Published Aff Int Soc Prenatal Diagnosis. 2008;28:
323-331.

39. Van Buuren S, Groothuis-Oudshoorn K. Mice: Multivariate
imputation by chained equations in R. J Stat Softw. 2011;45:
1-67.

40. Wood SN. Generalized Additive Models: An Introduction with
R. Chapman and Hall/CRC, Boca Raton, Florida, U. S. A.,
2006.

11

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbaf171/8267016 by guest on 22 O

ctober 2025



Schizophrenia Bulletin, 2025, Vol. 00, No. 00

41. Wood SN. Fast stable restricted maximum likelihood and
marginal likelihood estimation of semiparametric generalized
linear models. J R Stat Soc Ser B Stat Method. 2011;73:3-36.

42. Pedersen EJ, Miller DL, Simpson GL, Ross N. Hierarchical
generalized additive models in ecology: An introduction with
mgcv. PeerJ. 2019;7:e6876.

43. Wood SN. Generalized Additive Models: An Introduction with
R. Chapman and Hall/CRC, Boca Raton, Florida, U. S. A.,
2017.

44. Simpson GL. Modelling palaeoecological time series using
generalised additive models. Front Ecol Evol. 2018;6:149.

45. Chan SY, Ngoh ZM, Ong ZY, et al. The influence of early-life
adversity on the coupling of structural and functional brain
connectivity across childhood. Nat Mental Health. 2024;2:
52-62.

46. Roza SJ, Verburg BO, Jaddoe VWV, et al. Effects of
maternal smoking in pregnancy on prenatal brain develop-
ment. The generation R study. Eur J Neurosci. 2007;25:
611-617.

47. El Marroun H, Tiemeier H, Steegers EAP, et al. Intrauter-
ine cannabis exposure affects fetal growth trajectories: The
generation R study. J Am Acad Child Adolesc Psychiatry.
2009;48:1173-1181.

48. Govaert P, Triulzi F, Dudink J. The developing brain by
trimester. Handb Clin Neurol. 2020;171:245-289.

49. Keunen K, Counsell SJ, Benders MJNL. The emergence of
functional architecture during early brain development. Neu-
roimage. 2017;160:2-14.

50. Zeisel SH. Choline: Critical role during fetal development
and dietary requirements in adults. Annu Rev Nutr. 2006;26:
229-250.

51. Alex AM, Aguate F, Botteron K, et al. A global multico-
hort study to map subcortical brain development and cogni-
tion in infancy and early childhood. Nat Neurosci. 2024;27:
176-186.

52. Souza SW, Ross J, Milner RD. Alterations in head shape of
newborn infants after caesarean section or vaginal delivery.
Arch Dis Child. 1976;51:624-627.

53. Sepulveda W, Ximenes R, Wong AE, Sepulveda F,
Martinez-Ten P. Fetal magnetic resonance imaging and
three-dimensional ultrasound in clinical practice: Applications
in prenatal diagnosis. Best Pract Res Clin Obstet Gynaecol.
2012;26:593-624.

54. Ifflaender S, Rüdiger M, Koch A, Burkhardt W. Three-
dimensional digital capture of head size in neonates–a method
evaluation. PLoS One. 2013;8:e61274.

55. Chan JKN, Lee KCK, Correll CU, et al. Adverse obstetric and
neonatal outcomes associated with maternal schizophrenia-
spectrum disorders and prenatal antipsychotic use: A meta-
analysis of 37,214,330 pregnancy deliveries and propensity-
score weighted population-based cohort study assessing
confounder dependency of risk estimates. Mol Psychiatry.
2024;30:954-967.

56. Gholami R, Borumandnia N, Kalhori E, Taheri M, Kho-
dakarami N. The impact of covid-19 pandemic on pregnancy
outcome. BMC Preg Childbirth. 2023;23:811.

57. Mullins E, Perry A, Banerjee J, et al. Pregnancy and neonatal
outcomes of COVID-19: The PAN-COVID study. Eur J Obstet
Gynecol Reprod Biol. 2022;276:161-167.

58. Shook LL, Sullivan EL, Lo JO, Perlis RH, Edlow AG. COVID-
19 in pregnancy: Implications for fetal brain development.
Trends Mol Med. 2022;28:319-330.

© The Author(s) 2025. Published by Oxford University Press on behalf of the Maryland Psychiatric Research Center. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.
Schizophrenia Bulletin vol. 00 no. 00 pp. 1–12, 2025
https://doi.org/10.1093/schbul/sbaf171
Regular Article

12

D
ow

nloaded from
 https://academ

ic.oup.com
/schizophreniabulletin/advance-article/doi/10.1093/schbul/sbaf171/8267016 by guest on 22 O

ctober 2025

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/schbul/sbaf171

	 Fetal Head Growth and Head Circumference at Birth in Children of Women with Psychotic Disorders and Population-Based Controls
	Introduction
	Method
	Results
	Discussion
	Acknowledgments
	Supplementary Material
	Funding
	Conflicts of Interest
	References


