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Abstract

Background Mental health disorders and substance use during pregnancy have been linked to adverse perinatal
outcomes. Early identification may improve maternal and neonatal health. This study evaluated the impact of mental
health disorder severity and alcohol consumption on perinatal outcomes.

Methods A cohort of 2,014 pregnant women was screened with the AC-OK instrument for mental health and
substance use problems between July 2016 and December 2019. Of these, 193 screened positive and underwent
assessment for anxiety, depression, post-traumatic stress disorder (PTSD), and alcohol use. Moderate-to-severe
symptoms were defined as PHQ-9> 15 for depression, GAD-7 > 10 for anxiety, and PCL-5 > 33 for PTSD. Perinatal
outcomes —including gestational monitoring, pregnancy complications, delivery outcomes, neonatal parameters,
and postpartum complications— were compared between women with and without moderate-to-severe mental
health disorders, and between alcohol users and non-users. Group differences were assessed using Student’s t-test or
chi-square test. Associations between head circumference < 10th percentile and mental health problems or alcohol
consumption were evaluated using logistic regression. A p-value <0.05 was considered significant.

Results Neonates of mothers with moderate-to-severe anxiety more often required resuscitation (25.7% vs. 11.4%;
p=0.05) and had lower head circumference percentiles (34.38 vs. 46.72; p=0.016). Infants of mothers with PTSD

also had reduced head circumference percentiles (34.30 vs. 46.39; p=0.025). Maternal alcohol consumption was
associated with lower neonatal head circumference percentiles (37.65 vs. 48.12; p=0.014). Anxiety, depression, PTSD,
and alcohol use were significantly associated with neonatal head circumference below the 10th percentile (p=0.006;
p=0.002; p=0.007; p=0.026, respectively). No significant associations were observed for other maternal or neonatal
outcomes.

Conclusions Moderate-to-severe anxiety, depression, PTSD, and alcohol use during pregnancy were associated with
reduced neonatal head circumference. These findings underscore the importance of early screening and intervention
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for maternal mental health and alcohol use. Further research is warranted to clarify long-term neurodevelopmental

implications.

Trial registration WOMAP (Woman Mental Health and Addictions on Pregnancy), registered at ClinicalTrials.gov
(NCT06965270) on March 20, 2025; retrospectively registered.

Keywords Perinatal care, Perinatal mental health, Alcohol, Perinatal outcomes

Background

The perinatal period, particularly pregnancy, is critical
for both the physical and emotional development of the
mother and the fetus. As a significant and potentially
stressful life event, pregnancy can contribute to the onset
or worsening of both mental health problems as well as
substance use. The most prevalent mental disorders iden-
tified during pregnancy include mood disturbances, anxi-
ety-related disorders, and Post-Traumatic Stress Disorder
(PTSD) [1, 2]. Depression affects 5-25% of women in the
perinatal period, anxiety up to 15%, and PTSD 2-24%
[3-5]. Regarding substance use, the estimated prevalence
among pregnant women is similar to that of the gen-
eral population and remains relatively stable throughout
pregnancy [6, 7]. Moreover, smoking tobacco and drink-
ing alcohol during pregnancy have bidirectional inter-
actions with mental health problems [8]. For instance,
tobacco use during pregnancy can exacerbate symptoms
of depression or anxiety, while untreated mental health
problems can contribute to continued substance use and
relapse [9, 10].

Mental health problems are among the leading causes
of disability in pregnant women and contribute signifi-
cantly to increased maternal mortality risk and adverse
outcomes for the baby [2]. Evidence indicates that peri-
natal mental health problems in mothers are associated
with abnormal neurological development and behavioral
and mental health disorders in their offspring [11, 12].
Similarly, substance use has not only been linked to com-
plications during pregnancy [9] but also to an increased
risk of neonatal complications [13, 14], as well as neuro-
developmental problems in children [15-17]. Maternal
alcohol consumption, as well as the use of illicit drugs
(such as opioids and cocaine), tobacco, and cannabis dur-
ing pregnancy, has been associated with adverse neonatal
outcomes, including low birth weight, small for gesta-
tional age, preterm birth, admission to neonatal inten-
sive care units, and sudden infant death [13, 14, 18-20].
While some substances, including tobacco, cannabis, and
stimulants, have also been associated with neurodevelop-
mental delays, alcohol in particular is strongly implicated
in long-term neurodevelopmental impairments [15-17]
and is the leading cause of fetal alcohol spectrum disor-
der, characterized by cognitive deficits, dysmorphic facial
features, and behavioral, emotional, and adaptive impair-
ments [21, 22].

The co-occurrence of substance use and mental health
problems, often termed dual pathology [23], poses signif-
icant challenges for clinical intervention [24]. In pregnant
women, dual pathology is associated with non-compli-
ance with prenatal care, health problems, and obstetric
complications [8, 12]. While the effects of maternal men-
tal health or substance use alone on infant perinatal out-
comes are well documented, research on the impact of
dual pathology during pregnancy on both maternal and
neonatal outcomes remains limited.

The objective of this study is to evaluate the impact
of moderate-to-severe anxiety, depression or PTSD and
alcohol use on perinatal outcomes (both maternal and
neonatal) in pregnant women screened to be at risk for
dual pathology.

Methods

Sample and procedure

As part of the WOMAP (Woman Mental Health and
Addictions on Pregnancy) clinical trial (NCT06965270,
retrospectively registered on March 20, 2025), the study
included 193 pregnant women over 18 years of age who
were enrolled before 26 weeks of gestation, identified as
at risk for co-occurring mental health and substance use
problems (dual pathology). Participants were selected
from an initial screening of 2,014 women attending rou-
tine obstetric consultations at five public hospitals in the
metropolitan area of Madrid, Spain. Screening was con-
ducted using the AC-OK questionnaire, a validated tool
for detecting both mental health and substance use prob-
lems in clinical settings [25, 26].

Women were classified as at risk of dual pathology
if they met the following criteria: (1) two or more posi-
tive responses on the AC-OK-Mental Health (AC-OK-
MH) subscale; (2) one or more positive responses on the
AC-OK-Substance Abuse (AC-OK-SA) subscale and/
or reported smoking more than once per month; and (3)
were not users of specialized services, defined as having
no scheduled appointment within the next month and no
medical visit in the previous three months. Women with
psychotic or bipolar disorders were excluded.

Participants were recruited between July 2016 and
December 2019 during their initial obstetric visits.
Those who screened positive were invited to partici-
pate in the WOMAP clinical trial (ClinicalTrials.gov ID
NCT06965270, retrospectively registered May 2025),
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which tested a mindfulness-based cognitive behavioral
intervention delivered remotely by trained psychologists
via telephone or a digital platform. The intervention con-
sisted of a structured program specifically developed for
this trial and comprised eight sessions: (1) introduction
to the program, motivation for change, and introduction
to mindfulness; (2) psychoeducation on substance use
and strategies for managing cravings; (3) exploration of
maternal—fetal attachment and the bond with the baby;
(4) psychoeducation on mental health disorders, includ-
ing the triple response system and common thinking
styles; (5) introduction to cognitive restructuring (‘Eval-
uating My Thoughts’) with practical exercises; (6) asser-
tiveness training and effective communication skills; (7)
reinforcement of substance use management strategies
and relapse prevention; and (8) review of the self-care
plan. Eligible participants were randomly assigned to
treatment-as-usual, telephone, or digital intervention
arms. For the purposes of this study, all women who
screened positive—regardless of subsequent participa-
tion in the clinical trial, were included in the analysis
(mean age 31.22 + 5.99 years).

Assessments

After the positive screening for dual disorders risk, all
participants underwent a comprehensive assessment
protocol that included both obstetric and mental health/
substance use evaluations.

Obstetric evaluations were performed as part of rou-
tine prenatal care. Maternal variables included age,
body mass index (BMI) at the beginning of pregnancy,
and tobacco use. Gestational monitoring recorded preg-
nancy complications, first-trimester combined screen-
ing results, and ultrasound-detected malformations.
All antenatal ultrasound examinations were performed
by specialists in perinatal medicine. Scans were rou-
tinely conducted during the first (11-13 weeks), second
(19-21 weeks), and third (34-36 weeks) trimesters of
pregnancy. Additional ultrasound examinations were
performed when clinically indicated, depending on the
findings. Delivery variables encompassed gestational age
at delivery, labor onset (spontaneous, induced, or sched-
uled cesarean), and delivery type (vaginal, instrumental,
or cesarean). Perinatal outcomes involved meconium-
stained amniotic fluid, Apgar scores at 1 and 5 min,
umbilical artery pH, and need for neonatal resuscitation.
Neonatal assessments covered congenital malformations,
complications (cardiac, respiratory, digestive, urological,
neurological, and infectious) occurring during postnatal
hospitalization, and biometric data at two hours of life—
birth weight, length, and head circumference—adjusted
for age and sex according to the reference tables of the
Pediatric Endocrinology Service of Hospital La Paz [27].
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Biometric measurements were performed by trained per-
sonnel: birth weight was measured naked on a calibrated
electronic scale, birth length in the supine position using
a rigid infantometer with the head in the Frankfurt plane
(line passing through orbitale and porion) and the mov-
able stop at the heel, and head circumference with a
non-elastic tape around the most prominent occiput and
forehead above the eyebrows, without compressing soft
tissues. Biometric percentiles for estimated fetal weight,
length, and head circumference were categorized as <
10th, 10th—90th, and > 90th, considering 10th—90th per-
centiles as the normal range [28]. Maternal outcomes
included postpartum hospital stay and complications.

Regarding mental health, participants were assessed
with a battery of validated instruments: the Patient
Health Questionnaire (PHQ-9) for depressive symp-
toms [29, 30], the Generalized Anxiety Disorder 7-item
scale (GAD-7) for anxiety [31, 32], and the Posttrau-
matic Stress Disorder Checklist for DSM-5 (PCL-5) [33,
34]. Furthermore, alcohol use was assessed and potential
alcohol use disorder explored with the Alcohol Use Dis-
orders Identification Test (AUDIT) [35].

To classify the severity of mental health and alcohol
use problems and subsequent analysis, established cut-
off scores from these instruments were used. Moderate-
to-severe depressive symptoms were defined as a score
of 15 or higher on the PHQ-9. For anxiety, a score of 10
or higher on the GAD-7 was used, reflecting moderate
or greater symptom severity and a high probability of a
clinically significant anxiety disorder. Clinically signifi-
cant post-traumatic stress symptoms were defined as a
score of 33 or higher on the PCL-5. For alcohol use, any
reported consumption during pregnancy was consid-
ered positive, in line with recommendations for perinatal
research and the absence of a safe threshold for alcohol
use in pregnancy [1].

Data were collected and managed using the MeMind
physician interface, an online platform that integrates
physician and patient data [36].

Ethical considerations

The study was approved by the Clinical Research Ethics
Committee of Fundacion Jiménez Diaz (Ref. 2015/43)
and conducted in accordance with the Declaration of
Helsinki. All participants provided written informed
consent. Access to identifiable data was restricted to
authorized personnel. All data were securely stored
on an external server dedicated to research with AES-
256 encryption and transmitted using SSL/TLS (Secure
Socket Layer/Transport Layer Security) protocols. Com-
pliance with the Spanish Data Protection Act was con-
firmed by an independent auditor.



Lépez Carpintero et al. BMC Pregnancy and Childbirth

Data analysis

First, descriptive analyses of the sample were performed.
All obstetric variables were compared between two
groups, classified according to alcohol consumption, anx-
iety, depression, and trauma symptoms, using the cut-off
points described above.

Group differences were evaluated using Student’s t-test
for continuous variables and chi-square test for categori-
cal variables (p <0.05).

To evaluate the association between head circumfer-
ence below the 10th percentile and alcohol consumption,
anxiety, depression, or PTSD, the odds ratio was calcu-
lated using univariate logistic regression models, and
multivariate models for each condition adjusted for alco-
hol consumption. The presence of interactions between
alcohol, mental health variables, and therapy received
was assessed using the Wald test, including interaction
terms in the first step of each logistic regression model.

Statistical analysis was performed using IBM SPSS Sta-
tistics v30.0.0.

Results
Pregnant women who consumed alcohol had an
increased risk of delivering infants with lower percen-
tile head circumference at birth than non-users (37.65
versus 48.12;p=0.014) (Table 1). Patients with moder-
ate-to-severe anxiety, depression, or PTSD were alcohol
consumers in a higher proportion than patients with-
out these pathologies (p=0.026, p=0.022, and p=0.053,
respectively) (Tables 2, 3 and 4). Regarding anxiety,
infants of mothers with moderate-to-severe anxiety
tended to require more neonatal resuscitation (30% ver-
sus 15.3%;p=0.05) and had lower head circumference
percentile (34.38 versus 46.72;p=0.016) (Table 2). Babies
born to mothers positive for PTSD had lower head cir-
cumference percentile (34.30 versus 46.39;p =0.025) than
those negative (Table 3). No significant differences were
found for depression, although there was a trend towards
more spontaneous deliveries (p=0.08) among patients
with at least moderate depression (Table 4). As a cumu-
lative effect, the existence of >2 mental health problems
was associated with lower head circumference percentile
at birth (32.72 versus 45.40;p=0.016) and greater need
for neonatal resuscitation (31% versus 20%;p =0.036).
A head circumference < 10th percentile was statistically
significantly associated with alcohol consumption and
the mental health problems studied (anxiety, depression,
PTSD) in isolation (Tables 1, 2, 3 and 4). Two cases had a
head circumference below the 3rd percentile; both were
born to mothers who consumed alcohol, one with mod-
erate-to-severe maternal mental health problems and the
other without.

Analyses of the remaining maternal and neonatal vari-
ables studied showed no significant association with
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anxiety, depression, PTSD, or alcohol (Tables 1, 2, 3 and
4).

The distribution of pregnant women with and without
therapy was similar for the alcohol consumption, anxiety,
depression, and PTSD groups (Tables 1, 2, 3 and 4).

Pregnant women who consumed alcohol had a 6.077
times higher risk of having a newborn with a head cir-
cumference below the 10th percentile (Table 5). Mod-
erate-to-severe anxiety, depression, and PTSD were
independently associated with a head circumference
below the 10th percentile (Table 6). Therapy did not
modify the effect of mental health problems on a head
circumference below the 10th percentile (Table 7).

Discussion

Maternal mental health and substance use during
pregnancy are related to perinatal outcomes in both
the mother and the infant. In this study, we evaluated
whether alcohol consumption or the severity of anxi-
ety, depression, and PTSD influence perinatal outcomes
in pregnant women screened to be at risk for dual
pathology.

Regarding substance use, although tobacco is a more
recognized prenatal risk factor than alcohol, alcohol
consumption is rising among women of childbearing
age [1, 22] and often underdiagnosed during pregnancy,
with some assuming low consumption is harmless [37].
Obstetricians should explicitly inquire about alcohol use,
as many women seek counseling from healthcare profes-
sionals [38].

Some authors have associated prenatal alcohol expo-
sure with low birth weight [39, 40] and preterm delivery
[40, 41], risks that are exacerbated by combined alcohol
and tobacco consumption [39]. Conversely, other studies
fail to confirm these associations or detect a link between
alcohol consumption and neonatal head circumference
in the absence of smoking or illicit drug use [42]. In our
study, although gestational age at delivery was slightly
higher among mothers who consumed alcohol, the dif-
ference was not clinically relevant, as both groups deliv-
ered within the term gestation range. In biometric data,
alcohol intake has also been linked to shorter birth length
[43]. Fetal growth restriction induced by alcohol is aggra-
vated by maternal undernutrition [44]. In our sample, the
similar BMI —and generally adequate— between alco-
hol-consuming and non-consuming pregnant women
may have mitigated the effects of undernutrition, possibly
explaining the lack of fetal weight differences observed.

Regarding delivery outcomes, although alcohol con-
sumption has been linked to lower rates of planned
cesarean section and higher risks of gestational diabe-
tes, preeclampsia, eclampsia, and postpartum hemor-
rhage [41], our study found no significant differences
between alcohol-consuming and non-consuming



Lépez Carpintero et al. BMC Pregnancy and Childbirth (2026) 26:511 Page 5 of 13

Table 1 Comparison of clinical, obstetric, and neonatal variables according to alcohol use

Variable No alcohol use Alcohol use PValue
(n=125) (n=68)
Smokers [% (n)] 584% (73) 67.6% (46) 0.134
BMI (mean+SD) 24.70+543 24.72+6.31 0.986
Therapy Received [% (n)] 45.6% (57) 33.8% (23) 0.113
Gestational Follow-up
Screening (High Risk) [% (n)] 9.6% (12) 5.9% (4) 0.268
Fetal Malformation [% (n)] 3.2% (4) 2.9% (2) 0.644
Gestational Complication [% (n)] 32.8% (41) 27.9% (19) 0.298
Placental Abruption 24% (1) 0.0% (0) 0.683
Placenta Previa 24% (1) 0.0% (0) 0.683
Threat of preterm labor 17.1% (7) 5.3% (1) 0.204
Premature Rupture of Membranes 12.2% (5) 0.0% (0) 0.137
Preeclampsia / Gestational Hypertension 49% (2) 5.3% (1) 0.688
Gestational Diabetes 34.1% (14) 36.8% (7) 0.530
Others 39.0% (16) 57.9% (11) 0.138
Week of gestation when complication appears (Mean £ SD) 26.84+7.66 23.64+10.68 0.270
Hospital Admission [% (n)] 12.8% (16) 5.9% (4) 0.101
Delivery Data
Gestational Age at Delivery (weeks) (Mean +SD) 3866+ 1.68 39.25+1.31 0.024
Onset of labor [% (n)]
Spontaneous 46.4% (58) 48.5% (33) 0.770
Induced 26.4% (33) 26.5% (18)
Scheduled Cesarean 8.8% (11) 5.9% (4)
Mode of Delivery [% (n)]
Vaginal (Eutocic) 57.6% (72) 54.4% (37) 0.897
Instrumental 8.8% (11) 7.3% (5)
Cesarean 16.0% (20) 17.6% (12)
Intrapartum meconium [% (n)] 8.0% (10) 10.3% (7) 0.357
Arterial pH<7.20 [% (n)] 22.4% (28) 29.4% (20) 0.146
Apgar Score 1 min (Mean+SD) 856+ 1.35 8.74+0.81 0.500
Apgar Score 5 min (Mean+SD) 9.59+0.83 9.74+0.66 0.397
Resuscitation at Birth [% (n)] 14.4% (18) 13.2% (9) 0.508
Neonatal data
Birth Weight (g) (Mean +SD) 3118.97+407.23 3182.06+447.89 0.387
Birth weight percentile (Mean+SD) 42.66+26.56 44.68+29.35 0.671
Birth weight < 10th Percentile [% (n)] 8.8% (11) 7.3% (5) 0.656
Birth Weight <2500 g [% (n)] 24% (3) 441% (3) 0476
Length (cm) (Mean +SD) 4887+2.12 49.25+2.02 0114
Length Percentile 35.82+26.98 40.25+27.90 0374
Length < 10th Percentile [% (n)] 13.6% (17) 11.8% (8) 0.570
Head Circumference (cm) (Mean +SD) 34.27+1.29 33.88+ 145 0.124
Head Circumference Percentile 48.12+21.69 37.65+2525 0014
Head Circumference < 10th percentile [% (n)] 1.8% (3) 13.2% (9) 0.006
Neonatal Malformations [% (n)] 1.6% (2) 1.7% (1) 0.700
Neonatal Complications [% (n)] 12.8% (16) 14.7% (10) 0.322
Puerperal Data
Puerperal Complications [% (n)] 8.8% (11) 17.6% (12) 0.060
Infectious 45.5% (5) 38.5% (5) 0.527
Uterine Atony 27.3% (3) 7.7% (1) 0.233
Anemia 27.3% (3) 30.8% (4) 0.605
Others 45.5% (5) 23.1% (3) 0.235
Puerperium Hospital Stay (days) (Mean+SD) 226+051 235+0.73 0.567

BMI Body Mass Index
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Table 2 Comparison of clinical, obstetric, and neonatal variables according to anxiety

Variable Anxiety no/<10 Anxiety>10 PValue
(n=158) (n=35)
Smokers [% (n)] 62.7% (99) 57.1% (20) 0336
Alcohol users [% (n)] 32.3% (51) 486% (17) 0.053
BMI (mean+SD) 24.77+£5.86 24434525 0.754
Therapy Received [% (n)] 42.4% (67) 37.1% (13) 0.567
Gestational Follow-up
Screening (High Risk) [% (n)] 8.9% (14) 5.7% (2) 0412
Fetal Malformation [% (n)] 3.2% (5) 2.9% (1) 0.702
Gestational Complication [% (n)] 31.6% (50) 28.6% (10) 0.445
Placental Abruption 2.0% (1) 0.0% (0) 0.833
Placenta Previa 2.0% (1) 0.0% (0) 0.833
Threat of preterm labor 14.0% (7) 10.0% (1) 0.600
Premature Rupture of Membranes 10.0% (5) 0.0% (0) 0.388
Preeclampsia / Gestational Hypertension 6.0% (3) 0.0% (0) 0.573
Gestational Diabetes 34.0% (17) 40.0% (4) 0.490
Others 44.0% (22) 50.0% (5) 0.497
Week of gestation when complication appears (Mean +SD) 25.89+846 25.80+9.52 0.976
Hospital Admission [% (n)] 0.8% (17) 8.6% (3) 0.491
Delivery Data
Gestational Age at Delivery (weeks) (Mean +SD) 38.86+1.68 3890+ 1.09 0.900
Onset of labor [% (n)]
Spontaneous 44.3% (70) 60.0% (21) 0.208
Induced 28.5% (45) 17.1% (6)
Scheduled Cesarean 7.0% (11) 11.4% (4)
Mode of Delivery [% (n)]
Vaginal (Eutocic) 56.3% (89) 57.1% (20) 0475
Instrumental 7.0% (11) 14.3% (5)
Cesarean 16.4% (26) 17.1% (6)
Intrapartum meconium [% (n)] 7.0% (11) 17.1% (6) 0.085
Arterial pH<7.20 [% (n)] 24.7% (39) 25.7% (9) 0403
Apgar Score 1 min (Mean+SD) 866+1.16 843+1.33 0.359
Apgar Score 5 min (Mean+SD) 9.72+061 943+1.13 0.187
Resuscitation at Birth [% (n)] 11.4% (18) 25.7% (9) 0.059
Neonatal data
Birth Weight (g) (Mean +SD) 3165.93+433.37 3048.83 +366.63 0.176
Birth weight percentile (Mean +SD) 4535+27.58 35.80+26.53 0.090
Birth weight < 10th Percentile [% (n)] 8.2% (13) 8.6% (3) 0.850
Birth Weight <2500 g [% (n)] 2.53% (4) 571% (2) 0429
Length (cm) (Mean +SD) 4898+2.13 48.69+1.80 0.622
Length Percentile 3829+27.63 34.12£26.16 0.488
Length < 10th Percentile [% (n)] 12.6% (20) 14.3% (5) 0.622
Head Circumference (cm) (Mean +SD) 34.25+1.35 3356+141 0.017
Head Circumference Percentile 46.72+2333 34.38+22.01 0.016
Head Circumference < 10th percentile [% (n)] 3.2% (5) 20.0% (7) 0.002
Neonatal Malformations [% (n)] 1.9% (3) 0.0% (0) 0.469
Neonatal Complications [% (n)] 12.0% (19) 20.0% (7) 0.338
Puerperal Data
Puerperal Complications [% (n)] 11.4% (18) 14.3% (5) 0.513
Infectious 44.4% (8) 40.0% (2) 0.668
Uterine Atony 11.1% (2) 40.0% (2) 0.179
Anemia 33.3% (6) 20.0% (1) 0.538
Others 33.3% (6) 40.0% (2) 0.555
Puerperium Hospital Stay (days) (Mean +SD) 2.28+0.60 2.29+0.53 0.946

BMI Body Mass Index
No/<10 versus > 10 on the GAD-7 scale
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Table 3 Comparison of clinical, obstetric, and neonatal variables according to PTSD

Variable PTSD no/<33 PTSD=33 PValue
(n=163) (n=30)
Smokers [% (n)] 63.2% (103) 53.3% (16) 0.206
Alcohol users [% (n)] 31.9% (52) 53.3% (16) 0.022
BMI (mean+SD) 24554581 2548+531 0427
Therapy Received [% (n)] 43.6% (71) 30% (9) 0.166
Gestational Follow-up
Screening (High Risk) [% (n)] 9.2% (15) 34% (1) 0.235
Fetal Malformation [% (n)] 2.5% (4) 6.7% (2) 0.235
Gestational Complication [% (n)] 33.7% (55) 16.7% (5) 0.046
Placental Abruption
Placenta Previa 1.8% (1) 0.0% (0) 0917
Threat of preterm labor 0.0% (0) 20.0% (1) 0.083
Premature Rupture of Membranes 14.5% (8) 0.0% (0) 0476
Preeclampsia / Gestational Hypertension 9.1% (5) 0.0% (0) 0.637
Gestational Diabetes 5.5% (3) 0.0% (0) 0.767
Others 34.5% (19) 40.0% (2) 0.578
Week of gestation when complication appears (Mean +SD) 26.12+845 23.83+10.05 0.541
Hospital Admission [% (n)] 11.7% (19) 3.3% (1) 0.145
Delivery Data
Gestational Age at Delivery (weeks) (Mean +SD) 3887+1.64 3885+1.26 0.956
Onset of labor [% (n)]
Spontaneous 46.0% (75) 53.3% (16) 0.500
Induced 27.0% (44) 233% (7)
Scheduled Cesarean 6.7% (11) 13.3% (4)
Mode of Delivery [% (n)]
Vaginal (Eutocic) 57.0% (93) 53.3% (16) 0.545
Instrumental 74% (12) 13.3% (4)
Cesarean 16.0% (26) 20.0% (6)
Intrapartum meconium [% (n)] 8.6% (14) 10.0% (3) 0577
Arterial pH<7.20 [% (n)] 25.1% (41) 23.3% (7) 0477
Apgar Score 1 min (Mean +SD) 863+1.22 8.54+1.06 0.750
Apgar Score 5 min (Mean+SD) 9.66+0.74 9.67+0.82 0.987
Resuscitation at Birth [% (n)] 12.9% (21) 20.0% (6) 0.251
Neonatal data
Birth Weight (g) (Mean +SD) 3153.24+£42534 3081.09+£407.36 0454
Birth weight percentile (Mean +SD) 445342773 3730£26.13 0.249
Birth weight < 10th Percentile [% (n)] 8.6% (14) 6.7% (2) 0.750
Birth Weight <2500 g [% (n)] 2.45% (4) 6.67% (2) 0.227
Length (cm) (Mean +SD) 48.78+2.08 49.28+2.07 0.300
Length Percentile 36.18+27.02 4339+2841 0.252
Length < 10th Percentile [% (n)] 13.5% (22) 10.0% (3) 0.407
Head Circumference (cm) (Mean +SD) 34.24+1.35 3357+144 0.030
Head Circumference Percentile 46.39+23.27 343042252 0.025
Head Circumference < 10th percentile [% (n)] 3.7% (6) 20.0% (6) 0.007
Neonatal Malformations [% (n)] 1.8% (3) 0.0% (0) 0.589
Neonatal Complications [% (n)] 13.5% (22) 13.3% (4) 0.594
Puerperal Data
Puerperal Complications [% (n)] 9.8% (16) 23.3% (7) 0.074
Infectious 50.0% (8) 28.6% (2) 0357
Uterine Atony 16.6% (3) 14.3% (1) 0.672
Anemia 22.2% (4) 42.9% (3) 0318
Others 22.2% (4) 57.1% (4) 0.134
Puerperium Hospital Stay (days) (Mean +SD) 2.24+0.58 248+0.66 0.118

BMI Body Mass Index
No/<33 versus >33 on the PCL-5 scale
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Table 4 Comparison of clinical, obstetric, and neonatal variables according to depression

Variable Depression no/<15 Depression=15 PValue
(n=173) (n=20)
Smokers [% (n)] 63.6% (110) 45% (9) 0.086
Alcohol users [% (n)] 4.6% (8) 20% (4) 0.026
BMI (mean+SD) 24.77 +5.86 2423+4.67 0.694
Therapy Received [% (n)] 41.6% (72) 40% (8) 0.889
Gestational Follow-up
Screening (High Risk) [% (n)] 8.7% (15) 5% (1) 0.510
Fetal Malformation [% (n)] 2.9% (5) 5% (1) 0.486
Gestational Complication [% (n)] 30.6% (53) 35% (7) 0433
Placental Abruption
Placenta Previa 1.9% (1) 0% (0) 0.883
Threat of preterm labor 1.9% (1) 0% (0) 0.883
Premature Rupture of Membranes 13.2% (7) 14.3% (1) 0.654
Preeclampsia / Gestational Hypertension 9.4% (5) 0% (0) 0.525
Gestational Diabetes 5.7% (3) 0% (0) 0.685
Others 43.4% (23) 57.1% (4) 0.386
Week of gestation when complication appears (Mean +SD) 26.22+840 2343+9.96 0424
Hospital Admission [% (n)] 10.4% (18) 10% (2) 0.657
Delivery Data
Gestational Age at Delivery (weeks) (Mean +SD) 3884+ 1.64 39.11+0.96 0.488
Onset of labor [% (n)]
Spontaneous 43.9% (76) 75% (15) 0.088
Induced 28.3% (49) 10% (2)
Scheduled Cesarean 7.5% (13) 10% (2)
Mode of Delivery [% (n)]
Vaginal (Eutocic) 56.6% (98) 55% (11) 0.585
Instrumental 7.5% (13) 15% (3)
Cesarean 16.2% (28) 20% (4)
Intrapartum meconium [% (n)] 7.1% (13) 20% (4) 0.110
Arterial pH<7.20 [% (n)] 23.7% (41) 35% (7) 0.296
Apgar Score 1 min (Mean +SD) 865+1.15 8.29+1.53 0.244
Apgar Score 5 min (Mean+SD) 9.72+0.63 924+13 0.149
Resuscitation at Birth [% (n)] 12.7% (22) 25% (5) 0.173
Neonatal data
Birth Weight (g) (Mean +SD) 314723+431.42 3101.18+350.69 0.674
Birth weight percentile (Mean +SD) 445+27.61 35.0£26.16 0.182
Birth weight < 10th Percentile [% (n)] 8.7% (15) 5% (1) 0476
Birth Weight <2500 g [% (n)] 2.89% (5) 5% (1) 0.695
Length (cm) (Mean +SD) 488+2.07 49.46+2.12 0.262
Length Percentile 36.58+26.96 44.71+30.03 0.294
Length < 10th Percentile [% (n)] 13.3% (23) 1% (2) 0.619
Head Circumference (cm) (Mean +SD) 34.18+1.33 33.69+1.57 0.202
Head Circumference Percentile 453442341 35.29+23.34 0.131
Head Circumference < 10th percentile [% (n)] 46% (8) 20% (4) 0.026
Neonatal Malformations [% (n)] 1.7% (3) 0% (0) 0.692
Neonatal Complications [% (n)] 13.3% (23) 15% (3) 0.608
Puerperal Data
Puerperal Complications [% (n)] 12.1% (21) 10% (2) 0.448
Infectious 42.8% (9) 50% (1) 0.670
Uterine Atony 14.3% (3) 50% (1) 0312
Anemia 33.3% (7) 0% (0) 0.493
Others 33.3% (7) 50% (1) 0.565
Puerperium Hospital Stay (days) (Mean +SD) 2304061 2134035 0.136

BMI Body Mass Index
No/<15 versus > 15 on the PHQ-9 scale
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Table 5 Moderate-to-severe anxiety, depression, and PTSD
and head circumference below the 10th percentile. Logistic
Regression. Univariate Logistic Regression

Variable Odds Ratio 95% Confidence  p-value
Interval

Alcohol 6.077 1.56-23.72 0.009
Anxiety 7.295 2.09-2542 0.002
Depression 5400 1.38-21.12 0.015
PTSD 5.941 1.72-20.59 0.005

At least one mental 7.833 2.18-28.21 0.002
disorder

Smoker 4.364 143-13.37 0.010

Table 6 Moderate-to-severe anxiety, depression, and PTSD
and head circumference below the 10th percentile. Logistic
Regression. Bivariate Logistic Regression

Variable Odds Ratio 95% Confidence  p-value
Interval

Alcohol 5.295 1.294-21.658 0.020
Anxiety 6.368 1.742-23.283 0.005
Alcohol 5323 1.331-21.281 0.018
Depression 4.227 1.009-17.707 0.049
Alcohol 4.895 1.210-19.881 0.026
PTSD 4.559 1.251-16.620 0.021
Alcohol 5.507 1.338-22.661 0.018
At least one mental 7.172 1.906-26.991 0.004
pathology

Alcohol 6.092 1.559-23.809 0.009
Tobacco 1.524 0.392-5.920 0.543

Table 7 Moderate-to-severe anxiety, depression, and PTSD
and head circumference below the 10th percentile. Logistic
Regression. Multivariate Logistic Regression

Variable Odds Ratio 95% Confidence  p-value
Interval

Alcohol 6.760 1.55-29.57 0.011

At least one mental 8.199 2.06-32.62 0.003

disorder

Therapy Received 2.866 0.71-11.56 0.139

None of the interaction terms between alcohol and the mental health variables
were statistically significant: Alcohol*Anxiety (p=0.431); Alcohol*Depression
(p=0.619); Alcohol*PTSD (p=0.883); Alcohol*At least one mental disorder
(p=0.211). In the models including therapy received, the interaction terms were
also not significant: Alcohol*At least one mental disorder (p=0.218); At least one
mental disorder*Therapy received (p=0.533); and, Alcohol*Therapy received
(p=0.752). Accordingly, based on the principle of parsimony, interaction terms
were excluded and the models were simplified to include only main effects

mothers in delivery outcomes or gestational and puer-
peral complications.

Prenatal alcohol exposure is a leading preventable
cause of cognitive impairment, with no safe level or tim-
ing established [45]. Fetal alcohol spectrum disorder
encompasses neurodevelopmental anomalies caused by
maternal alcohol use [22]. Head circumference reflects
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central nervous system damage, potentially resulting in
microcephaly (> 2 standard deviations below the mean or
<3rd percentile). Prenatal alcohol exposure reduces mean
head circumference, brain volume, and cognitive scores
[45, 46]. Our findings confirm lower mean neonatal head
circumference and a higher proportion of infants below
the 10th percentile among alcohol-exposed neonates,
which may indicate future neurobehavioral impairments.

In our sample, only two cases involved head circum-
ference below the 3rd percentile; hence, we grouped
neonates into those with head circumference < 10th
percentile and > 10th percentile, assuming biometric
normality between the 10th and 90th percentiles [28].
Neonates with a head circumference below the 10th
percentile require close postnatal follow-up to monitor
growth and identify early signs of neurodevelopmental
impairment. Although microcephaly and head circum-
ference alterations have multiple etiologies [47], those
related to alcohol are preventable, underscoring the
imperative for proper identification and management.

Numerous factors may jointly influence perinatal out-
comes. Births with high in utero alcohol exposure are
more frequently associated with maternal psychiatric
diagnoses, substance use, or smoking [41]. In light of
the frequent co-occurrence of substance use and men-
tal health problems, we studied patients at risk of dual
pathology—particularly focusing on alcohol consump-
tion, a frequently overlooked element during anamnesis.

The association between alcohol consumption and
reduced neonatal head circumference has been previ-
ously documented; however, the link between smaller
head circumference and maternal mental health prob-
lems is less well established than subsequent neurode-
velopmental alterations [48]. In cases of perinatal anxiety
and PTSD, some authors have reported an association
with reduced neonatal head circumference [49, 50]. Our
findings are consistent with these observations: in our
sample, neonatal head circumference below the 10th
percentile was associated with anxiety, depression, and
PTSD. Other studies, however, have not confirmed these
associations, instead reporting reduced birth length in
infants of mothers with depression and anxiety, without
differences in birth weight or head circumference [51].

In our sample, infants of mothers with moderate anxi-
ety required more neonatal resuscitation, which further
increased when two or more mental health conditions
were present, exacerbating adverse perinatal outcomes.
Similar findings have been reported in infants of moth-
ers with anxiety and depression treated with psychotro-
pic medications [52]. The association between anxiety
and Apgar scores at birth is controversial: while some
authors report lower Apgar scores in untreated anxious
mothers [52], others find no association [49], consistent
with our results. Existing literature indicates that infants
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of mothers with untreated depression exhibit higher rates
of hypoxia [52]; this contrasts with our findings, which
showed no differences.

Mental health problems have been linked to prematu-
rity and low birth weight. Prenatal depression has been
associated with low birth weight and preterm birth [53],
though there is conflicting evidence [54, 55]. In our
sample, there were no differences in perinatal outcomes
between patients with and without moderate-to-severe
depression, although there was a trend toward more
spontaneous deliveries. Prenatal anxiety has also been
associated with preterm birth and lower mean birth
weight [49]. Untreated prenatal anxiety and depression
have been linked to higher induction rates, cesarean
deliveries, longer hospital stays, and puerperal compli-
cations such as fever and postpartum hemorrhage [52].
These associations with delivery outcomes were not con-
firmed in our study, nor was the link between anxiety and
cesarean delivery corroborated by others [49].

Regarding PTSD, previous findings suggest that prena-
tal PTSD is associated with an increased risk of low birth
weight and preterm birth [50, 56], although the quality of
evidence is considered low according to GRADE analysis
[50]. Our results did not confirm this association. Other
authors have reported that patients with probable PTSD
and a major depressive episode are at higher risk of pre-
term birth, a risk that exceeds and is independent of anti-
depressant and benzodiazepine use [57].

Maternal PTSD was associated with reduced neona-
tal head circumference, consistent with previous studies
[50, 58]. Unlike other studies that assess PTSD only peri-
natally or postpartum, our study determined PTSD risk
using a graded scale early in pregnancy, which strength-
ens the relationship observed in our sample.

Global maternal psychological distress has been asso-
ciated with reduced neonatal head circumference [59].
In contrast, our study assessed depression, anxiety, and
PTSD independently, including their severity, and also
evaluated alcohol consumption separately, allowing for
a more precise evaluation of the individual contributions
of each factor.

Other strengths of this study should also be highlighted.
The use of the ACOK screening scale enabled rapid iden-
tification of pregnant women with substance use and
mental health challenges, facilitating targeted further
assessment. Administering the scales at the beginning of
pregnancy allowed for early recognition of risks associ-
ated with both substance use and mental disorders, with
particular attention to the severity of mental health con-
ditions. Furthermore, the comprehensive evaluation of
gestational follow-up, complications, delivery outcomes,
neonatal parameters, and postpartum complications pro-
vided an integrated mother—infant perspective.
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Nevertheless, some limitations should be acknowl-
edged. The relatively modest sample size for certain
variables may have limited statistical power, potentially
affecting the robustness of some associations. Although
the confidence intervals are wide and could indicate low
precision due to the sample size, the consistency of the
results across the different models presented is notable.
Furthermore, the interaction terms were not statistically
significant, providing no evidence of moderation and
suggesting that the observed associations may be consis-
tent across models. Additionally, although performed by
trained personnel, interobserver differences in the mea-
surement of birth biometric data should be considered
a potential limitation. A subset of participants received
psychotherapy during pregnancy, and those assigned
to the treatment-as-usual group may or may not have
received pharmacological treatment, although this was
not documented. However, we observed no measurable
effect of these interventions on neonatal head-circumfer-
ence percentiles. Importantly, all women were informed
of their mental health conditions and substance-use
screening results—regardless of whether they received
therapy. This awareness may have influenced their behav-
iour, engagement with care, or other unmeasured factors,
potentially introducing bias. Finally, the lack of long-term
follow-up beyond pregnancy, delivery, and the puer-
perium to assess the impact of maternal mental health
problems and alcohol exposure on child outcomes should
be considered an important limitation and an area for
future research.

Future studies should systematically assess the impact
of treatments on adverse perinatal outcomes in women
with alcohol use and mental health disorders. The effect
of anxiety treatment on perinatal outcomes remains
unclear [49], and evidence linking prenatal antidepres-
sant exposure to microcephaly is weak [60, 61]. In our
study, psychotherapy did not appear to modify the asso-
ciation between neonatal head circumference < 10th
percentile and maternal alcohol use or mental health
disorders.

Timely identification and management of pregnant
women with substance use and mental health problems
should be prioritized as a public health measure: early
intervention may improve maternal well-being and miti-
gate preventable complications, with important social
and economic benefits [53].

Conclusion

Moderate-to-severe anxiety, depression, PTSD, and alco-
hol use during pregnancy were associated with reduced
neonatal head circumference. Further research is needed
to evaluate the impact of these biometric alterations on
subsequent child neurodevelopment.
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AC-OK Adult Screen for Co-Occurring Disorders
AUDIT Alcohol Use Disorders Identification Test
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GAD Generalized Anxiety Disorder

PCL-5 Posttraumatic Stress Disorder Checklist for DSM-5
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PTSD Post-Traumatic Stress Disorder
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