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Abstract

Introduction: Fetal Alcohol Spectrum Disorders (FASD) represent a preventable
consequence of Prenatal Alcohol Exposure (PAE). Although the topic has received
increasing attention, diagnostic and treatment protocols remain underdeveloped and lack
standardization. PAE may result in fetal growth restriction and various clinical
complications, with Fetal Alcohol Syndrome (FAS) constituting the most severe
manifestation. Intrauterine growth retardation, preterm birth, feeding difficulties, and
disordered eating behaviors are frequently observed.

Methods: This retrospective observational study analyzed data from a national survey
administered to 70 adoptive families. The survey via Qualtrics collected socio-
demographic information, psychological data, and clinical histories, including nutritional
concerns related to their children. Data were compiled using Microsoft Excel and
subsequently analyzed using SPSS statistical software.

Results: Findings suggest that FASD diagnostic categories are associated with
differences in Apgar scores at birth; specifically, children with FAS had lower Apgar
scores than those with partial FAS (pFAS). The study confirmed high rates of preterm
birth (46%) alongside low mean birth weight, length, and head circumference (2250 g,
46.6 cm, 31.4 cm, respectively). Notably, low birth weight was also observed in full-term
pregnancies, indicating prenatal growth retardation. No significant correlation was found
between low birth weight and the prevalence of food selectivity, nor was there a
correlation between the total number of feeding problems and diagnostic groups.
Gastrointestinal symptoms were common; assessment using the PedsQL™ 3.0
Gastrointestinal Symptoms Scales (GIS) indicated mild to moderate symptom severity
(mean score 87.6). Conclusion: Our results underscore the importance of increased
awareness, early screening, and the development of standardized diagnostic and
therapeutic protocols in newborn preterm with prenatal growth retardation or small for
gestational age. Furthermore, they highlight the necessity of a multidisciplinary approach

to management nutritional issues.



1.Introduction

Pregnancy represents a very delicate phase of a woman’s life, during which the neo-
mothers must implement particular attention to their lifestyle to take care both of their
and the fetus’ health. Many factors can lead to a high-risk pregnancy, like genetic factors,
mother’s age, health issues and lifestyle choices, which are determinant in pregnancy
outcome. While there are very strong evidence and many sensibilization campaigns to
help mothers to adopt precaution to avoid preventable dangerous factors including
forbidden foods (raw products, unpackaged foods, unpackaged fresh cheese,
unpasteurized raw eggs, unwashed raw fruits and vegetables, herbal tea, great amount of
caffeine, etc.), tobacco, alcohol, and drugs consumption their use is still increasing in the
last decade (1). Health consequences are growing in the number of abortions, sudden
infant death syndrome (SIDS), FASD, neurological abnormalities and
neuropsychological disabilities. There are also some nutritional behaviors (associated)
that can negatively affect the fetus health and thus be dangerous for the pregnancy
outcome (2).

Consuming food which are not undergone some heat treatment to lower or beat down the
presence of dangerous bacteria or other microorganisms, can translate in mother’s
infection and cause form mild to severe health consequences. Restrictive, selective,
exclusion diets (vegetarian vegan diets, exclusion of carbohydrates, ketogenic diets, etc.)
can also be dangerous for the pregnancy outcome, in fact there may be the risk of
nutritional deficiencies. Some dietary regimes, such as vegetarian and vegan, which in
different measure are composed by vegetal food, must be implement with attentions,
better if reviewed by a nutritionist to make sure to cover all the requirements and avoid
deficits especially of iron, vitamin D, calcium, iodine, omega 3 and vitamin b12 (which
is found only in animal products) (3).

Academy of Nutrition and Dietetics defines a well-planned plant-base diet appropriate
for all life stages. A balanced plant-based diet rich in fibers and low in fat may be
protective for some negative pregnancy outcome, but these effects may disappear with a
micronutrient’s deficits (4).

Also, restrictive diets can be harmful for pregnancy outcome: a review in 2019
investigated how the presence of eating disorder may have on dietary intake and

pregnancy outcome, and it showed that even if the diet quality was sufficient and the



eating disorder improved with pregnancy, mothers who suffer from anorexia nervosa or
bulimia nervosa consumed more sweetened beverages and caffeine and they were more
at risk of presenting iron deficiency (5).

Pregorexia is a quite alarming condition: this term refers to a dysfunctional eating
behavior with similar patterns and symptoms of other eating disorders in peripartum
period, in fact the neo-mother tries to reduce the impact pregnancy on the changes of their
body and to reduce weight by restricting calories, increasing physical activity, and
compensating by taking laxatives and diuretics (6). It goes without saying that this kind
of eating behavior may lead to malnutrition, nutrient deficits, and thus negative outcome
of the pregnancy.

Talking about specific nutrient requirement, protein intake needs to be monitored, as
indeed both protein restriction and protein excess may cause problems to the fetus (7):
low protein intake imply deficit of the essential amino acid and can lead to embryonic
losses, intrauterine growth restriction and reduced postnatal growth; meanwhile excess of
protein intake may lead to intrauterine growth restriction and fetus loss, due to the toxicity
of ammonia, homocysteine and H2S (derived for amino acid catabolism) (8).

However, there are some evidence conflicting evidence about protein intake: in 1976 the
known Harlem Trial (7) showed that consumption of 40g protein during pregnancy was
associated to lower birth weights, higher preterm birth rates and higher number of
neonatal death, in 2021 these evidences were revisited and the subsequent observational
study (9) and showed weak association between high protein intake and preterm delivery
and no deleterious effect of fetal growth and perinatal mortality. Another study (10) also
highlights the provenience of protein, since if coming mainly from animal sources may
lead to a high BMI in adult life (7).

Even if studies are limited, the consumption of UPF (defined by NOVA system (11)) may
conduct to adverse health outcome for the mother and the offspring (12). Some of the
negative outcome may be gestational diabetes mellitus, gestational weight gain, poor
glycemic control, negative nutrition biomarkers and indicators, preeclampsia,
inflammatory markers and increased oxidative stress (OS), and in the offspring it may
impact on child growth and development, adiposity gain, mental disorders, and poor diet

quality (12, 13, 14).



Finally, another potentially dangerous substance during pregnancy is methylmercury
(MeHg), found in seafood (15). Although seafood contains other crucial nutrient for
health in general but also for pregnancy (such as omega 3 and thus DHA, iron, vitamin
D, selenium), it must be considered that frequency and type of seafood consumed may
influence methylmercury intake, which can have a detrimental effect on the nervous
system development and other negative outcome of the offspring. One of the most
important studies conducted in the European countries was The HBM4EU-MOM study
(“Methylmercury-contrOl in expectant Mothers through suitable dietary advice for
pregnancy”), a multicenter two-armed randomized controlled interventional trial. This
work has been crucial to better standardized procedures and materials for the assessment
of prenatal exposures to mercury, to raise awareness of the risks coming from MeHg and
seafood consumption and overall to sensibilize women to make good lifestyle choices,

maintain a proper BMI and avoid harmful chemical exposure (16)

Many of these negative factors may be associated in the same pregnancy, in particular
use of toxins and malnutrition often shared common mother’s risk factors (e.g. low

economic income, social isolation, depression, younger age).

1.1 FASD

1.1.1 Definition

It’s still quite challenging giving a solid and universally accepted definition of all that
concerns clinical manifestations correlated with alcohol consumption during pregnancy,
or better, Prenatal Alcohol Exposure (PAE).

Knowledge regarding the potential implications and consequences of alcohol
consumption during pregnancy on fetal health and development dates back to ancient
times. Evidence was found in the Old Testament of the Holy Bible, in Aristotle’s texts,
in Carthaginians laws which forbid alcohol consumption in the night before the wedding,
and also later findings in works of Plato, Diogenes and Plutarch and many other
references that in history used to advise to pay attention to alcohol consumption during

pregnancy and the time of conception (17).



All these suggestions that there was already knowledge about the link between PAE
(Prenatal Alcohol Exposure) and the teratogenic effects.

Early modern descriptions of alcohol’s effects on fetal development were provided by
Lemoine and Roquette, who first hypothesized a specific syndrome, though their work

gained little attention (18).

The term “Fetal Alcohol Syndrome” (FAS) was later introduced by Jones and Smith in
1973, describing infants born to alcoholic mothers with facial anomalies, growth
restriction, and neurodevelopmental delays.

It’s noteworthy that not all the newborn with PAE have facial manifestations and
alterations and they could just have neurodevelopment alterations, which are possibly

detectable in later periods of life. This issued can delay the diagnosis and the treatment.

Nowadays, when we talk about PAE and the clinical implications, we use the term FASD
(Fetal Alcohol Spectrum Disorder), which includes all the disorders caused by PAE (19).
The exposure can cause facies alteration, nervous system abnormalities and
neurodevelopment issues and growth delay (20).

Under this umbrella, there are all the possible variation of the syndrome, such as FAS
(Fetal Alcohol Syndrome), also the most sever, pFAS (partial Fetal Alcohol Syndrome),
ARBD (Alcohol Related Birth Defects) and ARND (Alcohol Related Birth
Neurodevelopmental Disorders) (21).

This medical condition is completely preventable by total abstention from alcohol
consumption, from the periconceptional period and during all the course of the pregnancy.
Periconceptional period can be described as 2 month before through 2 months after
conception (22) or even 15 days prior and 15 days after the last menstrual period (23).
Alcohol consumption is a quite tough theme nowadays, due to different aspects, such as
social and gender changes, role changes, more alcohol availability, peer pressure and

minor stigma on the consumption from women especially during the childbearing age.



1.1.2 Epidemiology

Epidemiological data on FAS and FASD remain limited and inconclusive, making it
difficult to determine their true incidence and prevalence, as well as the overall impact
and distribution of prenatal alcohol exposure (PAE). This is caused by a lack of
publications, especially from reviews and metanalysis; available data are often referred
to a specific geographic area or individual populations (for example in Sweden (24), in
south Africa community (25), etc.

However, a systematic review and meta-analysis in 2017 studied the prevalence of
alcohol consumption during pregnancy in 29 different countries. Conclusions showed that
the major prevalence were found in most European countries (WHO EUR), such as
Russia, UK, Denmark, Belarus, Ireland; while the lowest prevalence was found in Oman,
United Arab Emirates, Saudi Arabia, Qatar, Kuwait (most in WHO EMR), probably due
to religious reasons (Table 1) (26).

This is supported by the Global Status Report on Alcohol and Health 2018 (27)
confirming that the major prevalence in alcohol consumption during pregnancy is in
European countries, which is estimated about the 19.8% (28) while the lowest prevalence
remains at about 0.1% in the Eastern Mediterranean regions.

Studies also show that global FASD prevalence in young children and young populations
was estimated around 7.7 per 1000 population (28).

According to another publication in 2017 (26), global prevalence of alcohol consumption
during pregnancy was estimated 9.8% and 1 in 67 newborns is born with FAS.
Epidemiological data in Italy are still not certain.

In 2003 the neuropsychologist Kodituwakku conducted the first epidemiological work
(first in Europe and second worldwide) to study FASD prevalence in Italy (17).

Then, in 2006 an epidemiological study has been conducted in Italian schools, in Lazio
region: Philip et al. found that the prevalence of FASD in this region was 3.7 to 7.4 per
1000 children, while FAS prevalence (adding ARND and pFAS cases) was 20.3 to 40.5
per 1000 children, exceeding the previously findings (29).

A 2011 study involving 607 children born in seven hospitals across different Italian
regions reported a PAE prevalence of 7.9%, a FAS prevalence of 1.2 per 1,000 live births,
and a FASD prevalence of 63 per 1,000 live births (18).



This condition is more common in some specific social cases, for example in adopted
children (30) or in out-of-home care, correctional facilities, special education programs,
specialized clinical settings (31), where prevalence of FAS can ben 40 time higher and
updated prevalence data show very higher prevalence of FASD among children in foster
care compared to general populations (32).

As other example, an investigation published in 2021 evaluated 162 children adopted
from Russia and Ukraine (Eastern European countries) and revealed that at least 50%
showed manifestations associated with FASD (33).

In these cases, giving a diagnosis can be challenging, due to the lack of information about
history of alcohol consumption by the mothers, which cannot be interviewed and children
in custody or adoption don’t receive an adequate diagnosis of possible neonatal

pathologies.

Table 1. Global prevalence of alcohol use (any amount) during pregnancy FAS in

the general population in 2012, by WHO region

Alcohol use during pregnancy (%) FAS (per 10,000)

AFR 10.0 (8.5-11.8) 14.8 (8.9-21.5)
AMR 11.2 (9.4-12.6) 16.6 (11.0-24.0)
EMR 0.2 (0.1-0.9) 0.2 (0.2-0.9)
EUR 25.2 (21.6-29.6) 37.4 (24.7-54.2)
SEAR 1.8 (0.9-5.1) 2.7(1.3-8.1)
WPR 8.6 (4.5-11.6) 12.7 (7.7-19.4)
Worldwide 9.8 (8.9-11.1) 14.6 (9.4-23.3)

Values are presented as estimates (95% confidence interval).

FAS, fetal alcohol syndrome; WHO, World Health Organization; AFR, African region; AMR,
American region; EMR, Eastern-Mediterranean region; EUR, European region; SEAR, South-
East Asia region; WPR, western pacific region (34).



1.1.3 Risk factors

Maternal risk factors that could increase the risk of bearing a FASD newborn are not fully
understood (35).

Several studies have been undertaken to gain more knowledge about consumption, such
as quantity, frequency and pregnancy period of PAE, ad also data related to the age of the
mother, number of pregnancies, number of birth, nutrition observed, nutritional status,
mental health, addictions, socioeconomic status, religion, but also even genetic and
epigenetic factors which can lead to a more vulnerability (36).

Still, it’s not clear if there’s a safe quantity and frequency of alcohol consumption and if
there is safer period during pregnancy.

An iconic advice was given in 2005 by the Surgeon General’s office, which it’s goes as
follows “We do not know what, if any, amount of alcohol is safe. But we do know that
the risk of a baby being born with any of the fetal alcohol spectrum disorders increases
with the amount of alcohol a pregnant woman drinks, as does the likely severity of the
condition. And when a pregnant woman drinks alcohol, so does her baby. Therefore, it is
in the child’s best interest for a pregnant woman to simply not drink alcohol” (U.S.
Surgeon General 2005) (37).

For what concerns mother’s risk factors, a case control study in 2016 showed that mothers
of FASD children, seven years post-partum are more likely to: be shorter, have higher
BMI, be married to a man with legal problems, have some recurring drinking patterns like
drinking alone or more drinking three months before pregnancy and having alcohol
problems in the family (38).

A 2023 case-control study identified additional common risk factors, including higher
gravidity and parity, a history of miscarriage and stillbirth, lower likelihood of being
married, mental health issues (e.g., depression, trauma, exposure to violence), emotional

drinking, social marginalization, and late recognition of pregnancy (39).
This last factor is particularly significant, as women who become aware of their

pregnancy at a later stage are also likely to delay abstaining from alcohol, thereby

increasing the duration and extent of PAE to the fetus.
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Figure 1. Commonly Recognized Maternal Risk Factors for FASD
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(39)

1.1.4 Diagnosis and classification (FAS, pFAS, ARND, ARBD)

The term FASD or Fetal Alcohol Spectrum Disorder, includes other different conditions,
all related to PAE, which present different manifestations and phenotype (17).

The DSM-5 divides these clinical variants: FAS (Fetal Alcohol Syndrome), pFAS (partial
Fetal Alcohol Syndrome), ARBD (Alcohol Related Birth Defects) and ARND (Alcohol
Related Birth Neurodevelopmental Disorders), Neurobehavioral disorder associated with
PAE (DN - PAE).

To make an accurate and valid diagnosis professionals must consider the manifestations
of the single patients and all the disabilities (divided in primary and secondary) (40)

The primary disabilities can be described in three core areas: neurocognitive, self-

regulation and adaptive functioning, which are summarized in the Figure 2.
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Figure 2.

Neurodevelopmental disorders associated
with parental alcohol exposure
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(39)

Secondary disabilities derive from the primary ones and can be evident only later in life.
These include poor mental health, negative school experience (difficulties in learning,
behavioral problems), problems with the law, isolation, inappropriate sexual behaviors,
substance abuse or addiction, problems in the employment and in creating ad
independency.

According to actuals guidelines, the only diagnosis officially recognized was FAS, in
Italy included among rare diseases and had its own exemption code, while others didn’t
have a diagnostic code.

In 2013, the American Psychiatric Association (APA) introduced a new condition in the
DSM-5: Neurobehavioral Disorder Associated with Prenatal Alcohol Exposure (ND-
PAE), listed among the "conditions for further study." This classification was supported
by AIDEFAD-APES, which endorsed the DSM-5 proposal.

However, there is a lack of diagnostic criteria universally accepted and shared, which it
would be crucial to standardize the diagnosis and treatment pathways among all the

countries.

However, there are different guidelines followed by different countries, such as:

e the Institute of Medicine Guidelines (IOM)7#) (17)
e the 4-Digit Diagnostic Code (41)
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e the Hoyme Updated Clinical Guidelines (21)

e the Canadian FASD Guidelines (42)

e the Centers for Disease Control and Prevention (CDC) Guidelines (43)
e the British Medical Association Guidelines (BMA Board of Science)

e the Australian Guide to the diagnosis of FASD (44)

To establish a clinical diagnosis, it is essential to consider multiple factors, including
physical features and morphological abnormalities in the newborn or child,
neurodevelopmental indicators, and maternal risk factors (AIDEFAD manual). However,
the latter is often difficult or impossible to assess, as many affected children are adopted,

or the maternal history is incomplete or unreliable.

The following are the updated Institute of Medicine (IOM) diagnostic criteria for Fetal

Alcohol Spectrum Disorders, which are frequently used in diagnostic protocols.

1. FAS

(With or without documented prenatal alcohol exposure) Requires all features, A-D:

A. A characteristic pattern of minor facial anomalies, including >2 of the following:
1) short palpebral fissures; 2) thin vermilion border of the upper lip; 3) smooth
philtrum

B. Prenatal and/or postnatal growth deficiency: 1) height and/or weight <10th
percentile

C. Deficient brain growth, abnormal morphogenesis, or abnormal
neurophysiology, including >1 of the following: 1) head circumference <10th
percentile; 2) structural brain anomalies; 3) recurrent nonfebrile seizures (other
causes of seizures having been ruled out)

D. Neurobehavioral impairment
2. PFAS

(With or without documented prenatal alcohol exposure) Requires features, A—B:
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A. A characteristic pattern of minor facial anomalies, including >2 of the following:
1) short palpebral fissures; 2) thin vermilion border of the upper lip; 3) smooth
philtrum

B. Neurobehavioral impairment
3. ARND

Requires features A—B (this diagnosis cannot be made definitively in children <3
years of age):
A. Documented prenatal alcohol exposure

B. Neurobehavioral impairment

4. ARBD

Requires features A—B:
A. Documented prenatal alcohol exposure

B. One or more specific major malformations demonstrated in animal models and
human studies to be the result of prenatal alcohol exposure: cardiac: atrial septal
defects, aberrant great vessels, ventricular septal defects, conotruncal heart
defects; skeletal: radioulnar synostosis, vertebral segmentation defects, large
joint contractures, scoliosis; renal: aplastic/hypoplastic/dysplastic kidneys,
“horseshoe” kidneys/ureteral duplications; eyes: strabismus, ptosis, retinal
vascular anomalies, optic nerve hypoplasia; ears: conductive hearing loss,

neurosensory hearing loss

FAS, fetal alcohol syndrome; PFAS, partial fetal alcohol syndrome; ARND, alcohol-
related neurodevelopmental disorder; ARBD, alcohol-related birth defect.

1.1.5 Clinical manifestation of FAS

FAS is the most sever clinical conditions which derives from significant PAE and,
differently from some other conditions of the umbrella of FASD, characterized by facial
abnormalities and central nervous system abnormalities (17).

Jones et. al divided the principal features of FAS in three categories: slow growth before

and after birth (weight, length, and head circumference); deficits in intellectual and social
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performance, learning issues, low control of impulses, attention problems and muscular
coordination (17); and finally, a structural face abnormalities o also some anomalies of
the limbs and heart (45).

Children can present growth delays during childhood, and, in most severe cases, also a
prenatal intrauterine growth retardation (studies say FAS children can grow 60 percent of
the normal rate and the weight can increase at about 33 percent of the normal rate).
There may be slow growth of the head circumference (microcephaly), which indicates
slow brain growth (microencephaly) and abnormalities of brain development (also of
parts of it, like corpus callosum and cerebellum) (46) causing intellectuals and behavioral
abnormalities and higher risk of seizures.

Also, MRI studies showed the reduction of the total brain volume and a reduce size of
some parts of the brain line cerebrum, cerebellum, hippocampus, basal ganglia, and
corpus callosum malformations (46). MRI studies also show some changes in structures
of some lobes and white and grey matter volumes.

These alterations can have as consequences issues in the future from a neurobehavioral
point of view and may require specific interventions and treatment.

Some of the facial abnormalities may include short palpebral fissures (eye openings) and
shorter distance from the inner and the outer corner of each eye and drooping of the
eyelids; short nose, smooth philtrum (i.e. the zone between the nose and the mouth and a
smoothly arched upper lip margin, flat midface, flat nasal bridge, epicanthal folds (21).
Sometimes children may present abnormalities of the limbs and joints, like deformities
of the small joints of the hand and the elbows (45).

Organ dysfunction may occur in FAS, in particular affecting cardiac function, urinary
system, oral clefts, anomalies of the gastrointestinal tract (like esophageal atresia,
gastrointestinal obstruction, intestinal or anal atresia), herniation defects, genital

anomalies, and others (47).
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Figure 3. Typical appearance associated with fetal alcohol syndrome (FAS)
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1.2 Nutrition during pregnancy and alcohol impact on maternal nutritional status
and nutrients absorption

1.2.1 Maternal nutrition behaviors and nutritional status during pregnancy

During pregnancy, mother’s organism goes through several changes to support pregnancy
and promote adequate fetal development.

These alterations are physical and hormonal and affect several districts, such as blood,
kidneys, liver, cardiovascular, respiratory, gastrointestinal, and endocrine systems (49).
Because of all these changes, metabolism and nutritional requirements can be modified
and increased to support the pregnancy, so nutritional behavior acquires a crucial role.
The mother must pay attention to her dietary habits, following a well-balanced diet,
avoiding some kind of foods, and increasing the intake of specific important

micronutrients and the calories so refill all the impoverished reserves.

The increased energy requirements during pregnancy are primarily due to the mother's
weight gain and the growth and development of fetal tissues. According to the 2014
LARN (Livelli Assunzione di Riferimento ed Energia — Dietary Reference Intakes,
DRIs), energy intake should increase by approximately 70 kcal/day in the first trimester,
260 kcal/day in the second trimester, and 500 kcal/day in the third trimester. The 2025
revision confirms that these recommended increases in calorie intake remain largely

unchanged.

However, a 2021 publication suggested that the evidence on energy requirements during
pregnancy should be reassessed to better reflect the current needs of women, considering
that pregnant women today tend to be older, less physically active, and have different
body compositions compared to those studied in older studies (50).

Following good nutrition habits and precautions during pregnancy allows to reduce the
risk to develop some pre- and post-natal fetal conditions and pathologies which may be
preventable. Several evidence suggest that mother’s dietary habits and nutritional status
during childbearing, but also in the periconceptional period are crucial aspects for a better

pregnancy outcome (49, 51).
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There are different guidelines to guide mother during this period, such as the ones
developed by WHO, FIGO and NICE, which are globally shared, but may disagree on
different aspects (49).

In Italy, a Consensus Document has been developed containing recommendations on
nutritional requirements during pregnancy and breastfeeding, with a focus on

macronutrients, essential micronutrients, and necessary supplementation (51).

1.2.2 Critical micronutrients for fetal development and use of dietary supplements

Macro- and micronutrients are essential for both maternal health and fetal growth and
development. As dietary needs increase, the importance of maintaining good eating habits
becomes paramount, along with monitoring symptoms such as vomiting and diarrhea that
can lead to nutrient loss.

Studies confirm the real risk of inadequate intake of key micronutrients—such as iron,
iodine, DHA, calcium, folic acid, and vitamin D—particularly among specific groups of
pregnant women. These include those following exclusive diets, smokers, underweight
or malnourished individuals, as well as those who are overweight or obese, adolescents,
women with closely spaced pregnancies or adverse pregnancy outcomes, and mothers
who consume alcohol (52, 53).

Alcohol consumption, especially during pregnancy when nutrient resources are shared
with the fetus, can impair the absorption of essential micronutrients, leading to adverse
effects for both mother and child. Numerous studies, as well as the Italian Consensus
Document, emphasize the importance of ensuring adequate intake of these crucial

nutrients to support a healthy pregnancy and prevent deficiencies (54, 55).

The most crucial nutrients to care and to eventually supplement during pregnancy are:
¢ Folic acid (vitamin B9)
e DHA
e Vitamin B6
e [ron
e Calcium

e Vitamin D

18



e lodine
e Magnesium
e Zinc
(56)
However, evidence is emerging about some other nutrients supplementations, such as

choline and inositol to favor a better pregnancy outcome.

Folic acid is one of the most important micronutrients to take care of during pregnancy,
since a sufficient intake and blood level can decrease the risk of spina bifida, anencephaly
and other neural tube defects. Active molecule is L-methyl folate, reached by enzymatic
conversions and has a crucial action on DNA, RNA, and homocysteine metabolism.
Even if studies suggest that folic acid can be introduced for the 50% from simple diet,
evidence recommends a daily supplementation. In fact, the RDA (Recommended Dietary
Allowance) during pregnancy is 500 mcg/die.

SIGO guidelines recommend folic acid supplementation of 400 mcg/die (0,4 mg/die) at
least 30 days before the conception and till 3 month of gestation and says it’s also
beneficial for the whole pregnancy, with the increase of 4-5 mg/die for high-risk women
who: gave birth to fetus with neural tube defects, or suffer from malabsorption, celiac
disease, assume  epileptic = drugs, has  familiarity @ for  neurological

pathologies/malformations or suffer from gestational diabetes or are obese (57, 58).

A very interesting publication of 2025 confirms the association between adequate blood
folate level and prevention neural tube effects, showing as a conclusion that to achieve
fully effective fortification, median populations serum folate level needs to be about 44
ng/mL, values that may prevent thousands on neural tube effect every year, reassuring
that this serum levels don’t cause health issues (59).

Since alcohol consumption can also lead to vitamin bl2 deficiency and give that its
deficiency is also link to a higher risk of neural tube defects (60) it’s worth pointed out
the importance of its supplementation. In addition, studies in rats (61) showed that folic
acid and vitamin b12 supplementation may suppress ethanol-induced developmental

toxicity.

19



Beyond preventing deficiencies of well-established essential nutrients, emerging
evidence suggests that supplementation with certain nutrients may help mitigate the
neurological effects of PAE. Among these, DHA, an essential omega-3 polyunsaturated
fatty acid (PUFA), found especially in seafood, is one of the most essential one and
implicated in fetus’ brain development and has a significant impact on visual and
cognitive functions (62).

Adequate DHA intake has also been associated with a reduced risk of preterm birth.
Additionally, alongside eicosapentaenoic acid (EPA), another essential omega-3 fatty
acid, DHA may help lower the risk of preeclampsia in low-risk pregnancies (63).
Supplementation of DHA + EPA must be of 250 mg/die and 100-200 mg more of DHA

every day, also starting the supplementation 20 weeks before pregnancy (63).

In 2020 a review of preclinical studies suggested that alcohol consumption may impair
DHA intake, metabolism, or absorption directly and indirectly: inf fact moms who
consumes alcohol may eat less DHA food, but there is also other mechanism that can
obstacle alcohol absorption (more competition in the intestine) or transport, thus by
attenuating the nutrients’ placental transport to the fetus. Indeed, some emerging evidence
also shows the role of DHA supplementation, as happens for choline, to ameliorate some

negative outcomes following PAE (64, 65).

Moreover, DHA has been studied to treat oxidative stress in neuroinflammation.

Prenatal alcohol exposure (PAE) can trigger an inflammatory response in the central
nervous system, exacerbating neurotoxic effects in individuals with FASD, as ethanol
readily crosses both the blood-brain barrier (BBB) and the placenta, directly affecting the
fetal brain. Evidence on supplementation during pregnancy remains mixed: some studies
report reductions in preterm births and improvements in low birth weight, while others

indicate increased maternal weight gain and potential behavioral issues in offspring.
Another crucial nutrient to consider is zinc, which is a cofactor for alcohol

dehydrogenase, thus having a role in breaking down alcohol molecule: this means that

deficiency leads to a lower ability to clear alcohol from the bloodstream (64), affecting
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zinc blood concentration, by altering neurotransmission: this may cause impaired
placental zinc transfer, maternal zinc deficiency or sequestration (66).
Studies showed that alcohol consumption causes urinary zinc excretion and decreased

zinc absorption from the intestine (67).

Choline is already present in recommendations for pregnant women (68), in fact is an
essential nutrient, found in animal and plant foods, engaged in brain development and
cognitive function. Several works on choline supplementation as a neurodevelopmental
intervention following PAE has already been conducted (69), showing its potential
positive role versus PAE-related negative growth and behavioral outcomes.

Supplementation is safe and feasible (70), and it’s required for frequent deficiency in
mothers, also caused by alcohol consumption, but it also may help to improve negative
FAS outcome and mitigate the effect of PAE on the fetus and so in growth retardation,

brain structure, learning and memory and the consequences coming from them (64, 71).

Choline supplementation has also been studied in children (72), especially in early
childhood and positive conclusions were found especially in delayed elicited imitation
(EI) and memory.

Studies also report a possible supplementation, recommending 260-500mg/dl in children
between 2.5-5.9 years old (73), or more precisely 200 mg for 1-3 and 250 mg of 4-8 years
old: further investigations must be conducted to further study the correlation and to define

the adequate dosage of the supplementation.

Other important molecules to highlight in the pregnancy phase are inositol and myo-
inositol, which seems to have beneficial effect on some health outcomes.

Myo-inositol is often supplemented in other situations to ameliorate glucose metabolism
and manage serum level. During pregnancy studies show positive effect in reducing the

incidence of gestational diabetes mellitus in high-risk women (74).
Also, myo-inositol seems to have a potential beneficial effect, if supplemented together

with folic acid, to prevent neural tube defects, which may be substantial for neural tube

defect which are unresponsive to folic acid (75).

21



Lastly, the are some emerging preclinical research that investigated the role of vitamin E,
vitamin A and selenium supplementation, for their activity in mitigating alcohol damages.
Vitamin E in an antioxidant, has a role in the prevention of lipid peroxidation in the cell
membrane and has been studied for the ability to mitigate alcohol-induced oxidative

effects (64)

As well, preclinical studies on selenium supplementation have been conducted for its
antioxidant activity, being a component of the enzyme GPx (that inhibits oxidation): in
fact, as for other micronutrients implicated in these pathways, levels drop due to lower
intake of dietary selenium and for the increase in free radical that must be scavenged (76).
Vitamin A is crucial for the process of cellular differentiation and levels can lower due to
alcohol consumption during pregnancy: supplement has been studied to reduce alcohol

damages on fetus’ cells development (77).

1.2.3 Alcohol consumption during pregnancy and epidemiological notes

Despite a solid and shared awareness about PAE consequences, prevalence of alcohol,
nicotine and drugs consumption during pregnancy is still worrying, considering that,
according to the meta-analysis of Popova et.al, about 10% (9.8%) of women consume
alcohol during this phase, the highest prevalence was found in the WHO EUR while the
lowest prevalence in WHO EMR and SEAR, and that in Italy is estimated that 1 out of 3
women consumes alcohol during pregnancy (26).

There are also recent data coming from a Sistema di Sorveglianza sui determinanti di
salute nella prima infanzia (coordinate by ISS), which gathered information about alcohol
consumption from approximately 30.000 mothers coming from 11 Italian regions: results
show that 19.7% declared to have consumed alcoholic beverages at least 1-2 each month
during pregnancy and 34.9% during breastfeeding (78).

In this regard, an important issue to face, also reported by recent analysis is alcohol
consumption in women during childbearing age (15-49 years of age), who can go through

an unexpected pregnancy.

22



Differently from what happened in the past, where women used to consume less alcohol
and minor quantities in a time (binge drinking) compared to men, now studies show an

increasing trend and more consumption in this critical phase of life.

OMS, indeed, reports that 65,5% of women in fertile age habitually consume alcohol, a
data that represents an alarming information, since it’s estimated that 42% pregnancy are
not planned, thus increasing FASD risk.

Also, in 2006 publication reports evidence from a sample who submitted the 2002
National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), finding
that abuse of alcohol was higher in pregnant and non-pregnant women under 30 years old
and confirming the habit of drinking and heavy drinking in childbearing age (79).

(Table 1).

1.2.4 Alcohol effects on nutrients intake, metabolism and absorption and maternal

nutritional status

It’s important to share that alcohol consumption can impact on the achievement of
adequate dietary requirements and the absorption of macro and micronutrients, and the
issue is about crucial ones for the mother’s and the fetus’ health and development.
Alcohol can lead to an alteration in the intrauterine environment, which is very important
for the fetus’ health and prevent the future child from neurological problems. All this can
be worsened by chronic consumption, causing mother’s malnourishment and more severe
consequences.

Although the mechanism it’s not fully clear, there are some recent evidence that suggest
the correlation between alcohol and impaired absorption of glucose, glutamine, vitamin
b12 and b9, vitamin C, selenium, zinc, iron, omega 3, coline, cupper in the small intestine
(52).

In fact, when alcohol is ingested, the molecule arrives at the stomach, where it undergoes
enzymatic conversions, thanks to some important enzymes, and then reaches the small
intestine, passively diffusing through the membrane and thus the enterocytes and

spreading homogenously throughout the body (52).
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The transformed alcohol molecule that keeps interacting with the small intestine
membrane, may alter the intestinal hemostasis, by causing reduction of the villus height,
villus blunting, changes in cellular structure, microbiota composition, bacterial
overgrowth, etc.

All this may lead to an impaired nutrients absorption.

Another consequence of a chronic alcohol consumption is a lower dietary intake. Alcohol
molecule contains “empty calories”, indeed apporting calories but without significant
nutritional value, causing substitution of the nutrients coming from food. Lowering
calories from food means also reducing nutrients, worsening the mother’s nutritional
status e increasing the risk of consequences on the fetus’ health outcomes. Added to the

increase FASD risk, due to the merely alcohol consumption (80).

1.3 Clinical and nutritional outcomes following PAE (Prenatal Alcohol Exposure)
This chapter aims to explore the mechanisms by which prenatal alcohol exposure (PAE)

may impact fetal development and health, with particular attention to the current state of
knowledge regarding clinical, behavioral, and nutritional outcomes in children affected
by PAE.
The objective is to provide a comprehensive overview of how alcohol interferes with fetal

development, and to synthesize existing evidence on the resulting manifestations.

1.3.1 Pathophysiological mechanism of damage caused by prenatal alcohol exposure
to the fetus

It’s globally agreed that the primary and only cause of FASD development is PAE, and
so the effect alcohol molecule can have on fetus health. There is evidence that the risk is
permanent during the whole pregnancy period, especially a heavy use and bingeing.

It also can cause stillbirth, spontaneous abortion, and premature birth (81, 82)

Alcohol is a molecule that is metabolized inside the organism by different processes or
pathways and the most important includes the ADH (alcohol dehydrogenase) and ALDH
(aldehyde dehydrogenase).

Passing through the liver, alcohol molecule is transformed in acetaldehyde by ADH,
which is a toxic a carcinogen molecule, later metabolized in acetate by ALDH, and then

broken down into water al carbon dioxide to be expelled.
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There’s also another enzyme, MEOS, which works in case of elevated amount of alcohol
circulating.

It’s known that women are more susceptible by alcohol consumption comparing to men,
probably due to a lower levels of the enzyme ADH, which can leave a high circulating
ethanol concentration for much more time and causing exposure to the fetus and
embryotoxicity (83, 84).

Evidence shows that PAE can lead to toxic outcomes on the fetus, causing the production
of free radicals and cell death, and even teratogen outcomes, altering the cell cycle,
interrupting cell migration, and interfering with growth factors and brain function during

in development, which can lead to immediate outcomes on the fetus (47, 82).

These mechanisms can cause clinical manifestation such as craniofacial abnormalities,
growth retardation, birth defects and both structure and function alterations of the brain,
which can lead to deficits in cognitive abilities, executive function, memory, view,

hearing, motor skills, behavior, and social adaptation.

These alterations and not just referred to the health of the fetus and the newborn, but also
have implication in the future, during the development, the adolescence, and the adult
age, and it’s important to clarify that all the symptoms and signs can vary among subjects.
This is caused by mechanisms such as epigenetic modifications, intracellular pathways

of immunity response, miRNAs and EVs (47, 82)

Complete abstention from alcohol during the whole pregnancy is always recommended
and the exposure during any stage can cause some types of negative effects in the fetus
(76).

However, a publication in 2013 studied timing and frequency of alcohol consumption
related to FASD and showed that PAEs in the first trimester led to a minor risk of FASD

compared to PAE in all trimesters, and first and second trimester (81).

Quite the opposite, the most teratogenic effects seem developing during embryogenesis,

which lasts for the first 8 weeks, after fertilization (76).
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It's also been showed that alcohol can disrupt the rapid growth of the brain in the 3rd
trimester of gestational age, which is characterized by glial development, synaptogenesis,
and development of the cerebellum (21) and neuronal loss if the exposure in in the second
and the third trimester (76).

All this leads to the importance on making the best anamnesis and investigate the history
of alcohol consumption of the mom, since is crucial both to exclude FASD diagnosis or

taking it into consideration. Also, it’s indicative of the different manifestation of FASD.

According to Hoyme et. al in 2015 a significant PAE is defined as follows,

a. 6 or more drinks per week for 2 or more weeks during pregnancy;

b. 3 or more drinks per occasion on 2 or more occasions during pregnancy;

c. alcohol-related social or legal problems during pregnancy;

d. intoxication during pregnancy documented by blood, breath, or urinary alcohol

tests;

e. positive test for alcohol exposure biomarkers during pregnancy (fatty acid ethyl
esters, phosphatidyl ethanol, and ethyl glucuronide in maternal hair, fingernails,
urine, or blood, or in the placenta or meconium);

f. increased prenatal risk associated with alcohol use during pregnancy, as assessed

by a validated screening tool.

21

1.3.2 Pre-natal growth Retardation

Growth retardation is a common manifestation of FASD, both prenatal and postnatal and
it’s a required criteria for the diagnosis of FAS.

During the pregnancy, alcohol consumption can cause issues in fetus development for
different causes: nutrients deficits, especially crucial micronutrients and lacking
supplementation, changing in the placental environment, direct effect of molecules and
pathways of essential developmental processes and maternal anthropometry may have an

impact on causing growth restriction (54).
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A trial conducted in the Cape Colored population, showed that heavy PAE was linked to
children SGA (small for gestational age), and, also, that the levels of exposure determined
the post-natal growth: children with AGA (appropriate for gestational age) had the lowest
exposure, SGA with catch-up growth, intermediate and SGA without catch-up growth the

highest levels. Thus, the amount of exposure determined both pre- and post-natal growth.

Findings of a trial conducted in 2014, among African American women, confirmed the
association between PAE and growth retardation, but didn’t find a linear correlation,
while the clinical manifestation was found primarily in infants whose mothers consume
4 or more drinks daily. Also, results showed that the post-natal growth restriction was the
consequence of the intrauterine growth restriction. The effects of alcohol exposure of
reduction of weight, height, weight-for-heigh/BMI and head circumferences seems

remain through young adulthood (86).

Another important issue to face is the impact of maternal pre-pregnancy weight and BMI:
in the 2014 trial results showed that lower weight and BMI exacerbated alcohol-related
growth restriction, probably due to the lower volume of distribution and consequent high
blood alcohol concentrations, comparing to larger women. Also, smaller women may
have a worse nutritional status, thus influencing the fetus’ nutrients provision and
development, and there are interactions between maternal nutrition and alcohol

teratogenesis (86).

1.3.3 Neurocognitive deficits and comorbidities

The neurocognitive area is the one of the most compromised in children with FASD a
recently gain much more attention, also to make more precise diagnosis of the children
that don’t present physical anomalies traditionally associated with FASD and to give a

neurobehavioral and behavioral profile, which is not already defined (87).
Clinical manifestations in this domain may involve impairments in executive functioning,

memory, affect regulation, attention, stress response, intellectual abilities, information

processing, language, visual perception, social cognition, and numerical processing.
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However, many of these symptoms overlap with other neurodevelopmental and
psychiatric disorders such as Attention-Deficit/Hyperactivity Disorder (ADHD), Autism
Spectrum Disorder (ASD), global developmental delay, intellectual disability,
oppositional defiant disorder, conduct disorder, mood disorders, reactive attachment
disorder, post-traumatic stress disorder, sleep disturbances, substance use disorders, and
schizophrenia (87, 88).

These neurocognitive issues often lead to the “secondary disabilities), such as school
performance, conduct disorder and adaptive behaviors, emotional functioning, substance
abuse, legal trouble and even attempted suicide (89).

Moreover, even environmental factors, or maternal deficits of crucial nutrients, can lead
to these neuropsychiatric morbidities.

Recently, studies are focusing on studying the influence of gut microbiome on brain
development, communicating through the gut-brain axis, starting from the evidence that
ethanol exposure may alter gut microbiome, resulting then in neuroinflammation, brain
damage and cognitive impairment (90).

The mechanism implicates and alteration in SCFA production, causing
neuroinflammation, impairment in brain development and behavioral and cognitive
deficits. Some evidence is emerging about microbiome-based intervention to elaborate

therapeutical strategies to mitigate the effects of ethanol exposure (90).

Up to now, evidence is still preliminary and coming from preclinical studies: mechanisms
implicated in the pathophysiology and also timing of the intervention need to be

elucidated by further studies.

1.3.4 Nutritional issues and eating disorders

The impairment in neurocognitive e neurobehavioral functions can imply the onset of
eating disorders and other nutritional issues.

Since this is the thesis’ main topic, the state of art of problems about eating behavior will
be examined in detail in the next chapters.

These issues may affect the nutrients intake and thus quality of diet of the individual.
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1.3.4.1 Food selectivity and neophobia: sensory integration disorder and refusal of
textures, flavors, odors

Children with FASD can experiment lots of difficulties in the food and nutrition area and
feeding disorders can lead to nutritional deficits, consequences on nutritional status and
nutritional issues (91).

One if the issues to take in consideration is about food selectivity, and neophobia, which
is the tendency to be reluctant to try new and unfamiliar foods, and thus different textures,
flavors, and odors. Causes may be of neurologic or even sensorial nature.

There aren’t consistent studies which show a clear behavioral correlation between FASD
and food selectivity, but this correlation has been found in some research (92).

In fact, probably the main factor causing food selectivity is the Sensory Processing
Disorder (SPD), which can affect sensory processing (SP), that is how brain organize
sensory information through the eight systems of our body. These are gustatory (taste),
tactile (touch), visual (sight), olfactory (smell), auditory (sound); also, there are three
internal systems: vestibular (balance in the space), proprioceptive (position and
movement of the body) and interoceptive (internal physiological sensations from the
organs). Sensory processing includes the elaboration of the information and how it

responds to these stimuli. (93).

SPD is often associated with intellectual developmental deficits (94), but this specific
area is lacking research and evidence about how it may affect FASD people’s life and for
how long, and so also about interventions and to support their sensory needs.

A publication in 2024 explored the impact of sensory processing disorder on nutritional
challenges, investigating caregivers of 20 children aged 4-12 years old with Sensory
Processing Disorder diagnosis. The research found that, eating habits were influenced by
five main sensory challenges, which impact on eating habits: texture, taste, smell, visual,
and temperature sensitivity, but also emotional and behavioral factors like mealtime

anxiety, food refusal and social isolation.
In detail, children and youth affected by FASD with SPD may experiment hypersensivity

or hyposensitivity: the former is present in individual who are picky eaters, very selective

to food choices for certain flavors, temperature, textures and showing a
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avoidant/restrictive food intake disorder; while the latter needs to eat food with strong
flavors or extreme temperature, also may overeat or chew non comestible items for oral

stimulation (95).

These eating behaviors may lead to opposite consequences in the nutritional status: the
reduced nutrient intake and the poor variety of the diet may cause malnutrition, and
nutrients deficits; differently, the overeating may lead to an increase of the BMI and thus
overweight and obesity, also due to the poor recognition of the impairment in satiety and

the continue need of snacking (96).

1.3.4.2 Oral, chewing and swallowing motor difficulties

One of the consequences of PAE, that is directly correlated to nutrition setting and
nutritional status, concerns problems about oral motor functions. Impairment in brain
development and onset of cranial anatomical malformations, but also neuromuscular
delays and difficulties in suck and swallow reflexes may occurs (97, 98),

In fact, it’s known that babies undergone PAE have a limited suck pattern, impeding

regular e sufficient feeding (98).

These represents a tough issue for the introduction of solid meals, which can be delayed,
and may impact the start of the self-feeding and the acquisition of eating abilities (99).

Evidence about this topic is still lacking and studies are limited and not specific.

1.3.4.3 Dysfunctional behaviors while eating: hyperactivity, aggression, distraction

Some of the behavioral traits and outcomes frequently observed in individuals with Fetal
Alcohol Spectrum Disorders (FASD)—such as hyperactivity, distractibility, and
aggressive tendencies (48) may also be associated with nutritional behaviors and
mealtime dynamics. These factors not only influence the overall food intake in terms of
quantity and quality, but also affect the individual’s relationship with food and the
psychosocial context of eating (100).
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Also, some of these conditions may influence each other, for example FASD children are
more likely to develop Attention Deficit and Hyperactive Disorder and even if the
literature is not clear about it, probably may develop the same nutritional issues as ADHD
children (100).

Children with FASD often demonstrate pronounced inattentiveness, forget acquired
knowledge easily, and tend to be significantly slower in completing academic tasks
(Peadon & Elliott, 2010). Given the limited body of research on this topic, a
multidisciplinary expert meeting was convened to examine the potential overlap between

FASD and ADHD (101).

Furthermore, some studies suggest that eating behaviors in FASD may resemble those
observed in Prader-Willi Syndrome, particularly regarding hyperphagia, excessive

snacking, and food sneaking behaviors (96, 100).

Although the current state of research on eating patterns in FASD remains
underdeveloped—especially when compared to conditions such as ASD or ADHD—
preliminary investigations have identified certain shared behavioral traits. These
similarities warrant further exploration in order to better understand the feeding profiles
and potential eating disorders associated with FASD, and to inform the development of

standardized, evidence-based nutritional interventions.

1.3.4.4 Gastrointestinal symptoms

The exposure to alcohol in the prenatal period of life can also cause several abnormalities
in FASD children, including the gastrointestinal tract and the liver, thus leading to the
onset of gastrointestinal symptoms (102, 103)

Current preclinical studies are investigating the influence of alcohol consumption on
maternal microbiota and the impact on the baby’s microbiota as well and possible health
implications, such as the possible alterations in the baby’s brain thorough the gut-brain

axis (90, 104)
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Studies on this field are still emerging, to better understand the connection and the
influence of PAE may influence maternal and baby’s microbiota and how this may affect

other functions.

Since alcohol consumptions and thus PAE can lead to alteration in the central nervous
system, but also affect other organs, in 1997 Uc et al. studied five children with FAS, who
presented symptoms suggestive of chronic intestinal pseudo-obstruction, suggesting that

the impact of the neurotoxicity of alcohol (105).

Another case report in 2012 showed a correlation between alcohol and severe

gastroesophageal reflux in a 3-month-old little girl (106).

A review in 2023, examined studies concerning alcohol-related birth defects, confirming
the scarce evidence about this correlation between PAE and anomalies of gastrointestinal
tract.

Results suggest scarce correlation for esophageal atresia, gastrointestinal obstruction,
intestinal atresia/anal atresia. However, there was a quite significant positive association
with gastroschisis (i.e. a paraumbilical abdominal wall defect, associated with the
protrusion of the bowel outside the body (107) and increased odds for omphalocele (i.e.
rare congenital abdominal wall defect, associated with the herniation of the abdominal
contents, through the defect, with or without peritoneum)

These abdominal wall defects require surgery and can lead to sever complication such as
peristalsis, scar tissue and intestinal obstruction, anorectal obstruction/stenosis (108) and
to impaired feeding and growth (108, 109)

These defects require intensive care to support nutrition in the post operative period,

representing another obstacle to meet the appropriate nutritional needs.
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1.3.5 Dietary implications and nutritional status in children with FASD: risk of
malnutrition or obesity

Prenatal alcohol exposure (PAE) has been shown to significantly influence eating
behaviors in affected individuals, with manifestations often presenting as opposing
dietary patterns. On one hand, children diagnosed with Fetal Alcohol Syndrome (FAS)
may exhibit nutrient deficiencies, which can arise from inadequate dietary intake and, in
some cases, impaired nutrient absorption—both of which may be directly attributed to
the teratogenic effects of alcohol exposure during gestation. This relationship may also
be bidirectional, as nutritional factors can modulate and potentially mediate the severity
of alcohol-induced developmental outcomes. Certain nutrients have been investigated for
their protective or therapeutic roles in mitigating the neurobehavioral symptoms
associated with Fetal Alcohol Spectrum Disorders (FASD). Conversely, nutritional
deficiencies may exacerbate existing comorbidities, further compromising overall health
and development.

Additional contributing factors may include altered metabolism, potentially driven by
oxidative stress and changes in body composition (110). Furthermore, nutritional
compromise may also be secondary to the neurocognitive and neurodevelopmental
impairments commonly observed in individuals with PAE, which may predispose them
to disordered eating behaviors such as avoidant/restrictive food intake disorder, highly

selective (picky) eating, pica disorder, food refusal, poor appetite, oral aversion, etc. (96).

Conversely, some children with FASD may present with hyperphagia, diminished satiety
regulation, and poor impulse control with respect to eating, often characterized by
frequent snacking and food sneaking behaviors (111).

These behavioral patterns are associated with the opposite end of the malnutrition

spectrum—namely, overweight and obesity (100, 112).

A 2015 study investigated the prevalence of overweight and obesity among children with
FASD, with the aim of better characterizing weight status within this population. Findings
revealed that prevalence varied depending on the specific FASD diagnosis, with
individuals diagnosed with partial FAS (pFAS) demonstrating the highest average body
mass index (BMI), and those with full FAS showing the lowest (112).
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Notably, the increase in overweight and obesity rates from preschool age to adolescence
among children with FASD was approximately twice as high as that observed in the

general U.S. pediatric population.

2. Aims

Despite growing attention in this area, the literature on Fetal Alcohol Spectrum Disorders
(FASD, including its various subtypes) remains limited and lacking, especially regarding
nutritional issues, eating behaviors, gut brain axis disorders, and Quality of Life in

children with this condition.

This study aims to describe and analyze the results of a national survey administered to
adoptive families of children diagnosed with Fetal Alcohol Spectrum Disorder (FASD)
or with a suspected diagnosis. The survey investigated a range of factors, including
nutritional status, eating behaviors, neurocognitive and behavioral problems which may

also be related to eating difficulties, gut-brain axis—related disorders, and quality of life

(QoL).

3.Materials and Methods

3.1 Study design

A cross sectional study was conducted to analyze data collected from a national survey
administered to adoptive families of children with FASD diagnosis.

After the approval of the ethic committee, a national survey was distributed via Qualitrics
from Cattolica University, in collaboration with AIDEFAD (Italian Association of Fetal
Alcohol and Drugs exposure disorders), who invited the associated families, with children
diagnosed or suspected of having Fetal Alcohol Spectrum Disorders (FASD) to
participate voluntarily.

Participating families gave their consent and provided information on family
composition, specifying the ages of members (minors or adults), to Cattolica University.

Subsequently, they were given access to the survey link to complete the questionnaire.
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3.2 Eligibility criteria

One of the eligibility criteria for this study was that the child had been adopted and had
either received a formal diagnosis of Fetal Alcohol Spectrum Disorder (FASD) or was in

the process of being evaluated for FASD.

All responses were provided from the perspective of the adoptive parents. Participants

completed the questionnaire only after providing informed consent.

3.3 Data collection

Families were allowed to complete the questionnaire at different times, but they must use
the same electronic device for all entries. Data of the survey were collected from 14t

December 2023 to 18" April 2024 via Qualitrics.

The survey was structured into three specific sections:
1. Socio-demographic information
2. Psychological data
3. Clinical history.

To assess fatigue, gastrointestinal symptoms (GIS), and general quality of life (QoL), the
Pediatric Quality of Life Inventory™ (PedsQL™) was included in the questionnaire. The
PedsQL™ is a modular instrument designed to measure health-related quality of life in
children and adolescents, both in the general population and in those with acute or chronic

health conditions (PedsQL™ official website).

The following standardized modules were used:

e PedsQL™ 4.0 Generic Core Scales — to assess overall health-related quality of
life across physical, emotional, social, and school functioning.

e PedsQL™ Multidimensional Fatigue Scale — to evaluate general, sleep/rest, and
cognitive fatigue.

e PedsQL™ Gastrointestinal Symptoms Module — to assess gastrointestinal

functioning and symptom burden.
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The Scale Score was computed as the sum of the items over the number of the items
answered by the participant, considering that, if more than 50% of the items are missing,
the Score Scale isn’t valid.

While, if more than 50% of the items is answered, Score Scale can be computed.

All collected data were entered into a database and subsequently analyzed to extract
meaningful information and to compare findings with current evidence available in the
literature.

Quantitative data extracted from the database were analyzed using SPSS statistical

software and Microsoft Excel to ensure accurate and reliable statistical outcomes.

Results concerning anthropometric measurements at birth, nutritional information,
clinical data, gastrointestinal symptoms, eating behavior, neurocognitive and behavioral

issues, QoL details were collected.

4. Results

Data results extrapolated from database and analyzed by SPSS and Excel indicated that
the 71.4% were males and the 28.6% females.

A total of seventy adoptive families from various regions across Italy participated in this
national survey. All participants were affiliated with the AIDEFAD association, except
for one family who reported not being members but stated that they were familiar with

the association.

The children, both male and female, were born between 1999 and 2014, representing a

meaningful age range from early adolescence to young adulthood.

Among all the adoptive interviews families PAE was certainly documented in 62.8%, was
negative in 11.6% (just 5 cases), not known in 20.9% and the answer was missing in

4.7%. The average age of undiagnosed individuals was 20 years old.

History of PAE was investigated and found to be positive in 44 cases. In 9 cases, no

documentation was available, and in 14 cases, exposure status was not clearly known.
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All participants were adopted children from diverse countries of origin.
The data presented in the table show the percentage distribution of the children’s countries
of birth. It’s noteworthy that the majority were born predominantly in the Russian

Federation and Italy (Table 2).

Table 2. Participant’s birth country

‘ COUNTRY ‘ n %
Russian Federation 34 48.6%
Italy 13 34.0%
Poland 7 10.0%
Brazil 2 2.0%
Colombia 1 1.4%
Ukraine 6 8.5%
Bulgaria 2 2.9%
Hungary 4 5.7%
Kazakhstan 1 1.4%
Total 70 100%

Results showed a high prevalence of premature birth, in fact, only 24 pregnancy (51%)
arrived to the 37" gestation week (which is the term under which a newborn is considered
premature), while the other 22 (46%) were premature birth. Data may confirm the
correlation between PAE and increase risk of premature birth.

A significative difference was found in the mean of gestational age, which in males was
37, while in females was 34.

A scatter plot was created to see correlation between weight and gestational age, finding
that even participant born with a full-term pregnancy, could present a “low weight” at
birth, in detail 16 cases (34% of the responding 47) (Figure 7).

Data suggested that 69.8% had children with certain FASD diagnosis, 9.3% were

expecting to have the diagnosis, while 20.9% suspected it.
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Among the FASD cases not all the children had the same type of condition, in fact FAS
was documented in 36 cases (51.4%), while pFAS in 4 cases (5.7%) and ARND (i.e.
neurological disturbances related to alcohol exposure) in 10 cases (14.3%).
Also, strong correlation was found among preterm newborn: the 68,2% had FAS
diagnosis, while the 31,8% who didn’t, included no specification of diagnosis and two of
them had ARND diagnosis.

We studied the correlation between the type of diagnosis and the term of pregnancy, data
showed that most part of preterm pregnancies were babies with FAS diagnosis. However,
frequency in FAS diagnosis was only slightly higher (55.6% versus 44.4%) in pre-term

compared to full-term pregnancies (Table 3).

Table 3.

PREGNANCY

Full-term Pre-term

FAS 12 444 15 556 27
pFAS 0 0 4 100 4
ARND 3 50 3 50 6

Data about APGAR Score were collected.

Table 4.
APGAR SCORE MEAN MINIMUM MAXIMUM MISSING
APGAR MALES 7.9 5.0 10.0 11
APGAR FEMALES 7.8 5.0 9.0 3

One-way ANOVA was utilized to investigate whether Apgar scores and gestational age
differed significantly across diagnostic groups (FAS, pFAS, ARND, ARBD).
The analysis revealed a statistically significant effect of diagnosis on Apgar score, p =

0.028. These results suggest that the type of FASD diagnosis is associated with
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differences in Apgar scores at birth. Post hoc analyses using Bonferroni Test was also
conducted showing that pFAS showed significantly higher Apgar scores compared to
those diagnosed with ARND (p = .041). No other comparisons showed statistical

significance.

Same one-way ANOVA was performed to examine differences in gestational age among
diagnostic groups of Fetal Alcohol Spectrum Disorders (FASD). The results indicated a
statistically significant effect of diagnosis on gestational age, p = .036. This suggests that
gestational age varies depending on the specific FASD diagnosis. The only significance
correlation was between participants with pFAS who had higher gestational age

compared to those with ARND (mean difference of 5 weeks, p = 0.032).

In children with a confirmed diagnosis, the clinicians involved was of various medical
specialties: 18 (25.7%) cases were evaluated by a neuropsychiatrist, 17 (24.3%) by a
genetist, 9 (33.3%) cases by a pediatrician, and 14 (20%) by other specialists. Children
were treated with antiepileptic drugs, antipsychotics, hormonal therapies, other therapies
and undergone genetic tests.

In detail, 8 (11.4%) participants currently assume antiepileptic drugs, 18 (25.7%) assume
psychotropic drugs, and 4 (5.7%) assume hormonal therapies and 16 (22.9%)

supplements.

4.1 Nutritional issues

The nutritional domain has been extensively studied, particularly regarding its effects on

anthropometric parameters.

As a matter of fact, data confirm delays in prenatal growth, that we previously
investigated in existing literature: specifically, the mean birth weight was 2.25 kg, birth
length 46.6 cm and birth head circumference 31 cm. (Table 6).
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Table 6.

Neonatal Screening i . Median Ze . Mean | Minimum Maximum
percentile percentile

WEIGHT (g) 1980 2290 2500 2250 1200 3750 0.55

LENGHT (cm) 42,75 46.0 49.0 46.6 35 68 5.48

HEAD

CIRCUMFERENCE 29,75 31.5 33,25 31.5 27 36 2.48

(cm)

Weight values are mainly distributed between the 3rd and 50th percentiles, with a
concentration below the 25th percentile, suggesting possible intrauterine growth
restriction (IUGR) or postnatal growth faltering, and this trend was observed both for
males and females (Figure 5 and 6). The mean weight for males was 2.45 kg (Table 7),
falling while for females was 1.9 kg (Table 8): In both sexes wight mean fall between the
37 and the 10" percentile (in males practically on the 10™), considering the mean

gestational age 37 for males and 34 for females.

Length data show greater variability, with some values above the 75th percentile, but the
majority fall between the 25th and 75th percentile and some even below the 3™ percentile
(Figure 5 and 6). The mean found in males was 46.3 cm (Table 7) and falls a little above
the 10" percentile (thus remaining within the normal growth curves) (Figure 5); for what
concerns females (Table 8), length mean was of 45.2 cm and lies slightly above the 50th
percentile (Figure 6).

A similar discrepancy also was found in head circumference, still found under the normal
expected range — the mean in males was 32.1 cm (Table 7), just above the 10" percentile
(Figure 5); while in females (Table 8) the means was 30.0 cm, falling between 10" and

50 percentile (Figure 12).
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Table 7. Summary of neonatal anthropometric measurements at birth in male

infants

M
WEIGHT (g)

Neonatal Screening

LENGHT (cm)

HEAD
CIRCUMFERENCE
(cm)

25th : Median 75th . Mean
percentile percentile
2215 2400 2740 2450
44.5 48.0 49.8 47.3
30.0 32.0 35.0 321

Minimum Maximum

1400

40.0

28.0

3750

55.0

36.0

554.4

4.4

2.3

Table 8. Summary of neonatal anthropometric measurements at birth in male

infants

Neonatal Screening F

Minimum | Maximum | SD

WEIGHT (g)

LENGHT (cm)

HEAD
CIRCUMFERENCE
(cm)

25th ; Median 75th . Mean
percentile percentile

1790 1929 2135 1900

42.25 44.0 46 45,2

28.0 29.0 33.0 30,0

1200

35.0

27.0

2290

46.0

33.0

309

7.0

2.0
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Figure 5. Mean of birth weight, length, and head circumference in males

Fenton preterm growth chart - boys
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Figure 6. Mean of birth weight, length, and head circumference in females

55

50

45

40

3.5

it
) 3

N
(&)

Weight (kilograms)

0

Date:

Centimeters
N
(&)l

TrorT

Fenton preterm growth chart - girls
T LI — 1 =T

L

T

T

TIir

rrTT

TrrT

1

'Y,
N,
L1l

LB

LI

1,
4
3,
\.\
\.
|,
\,
N
3,
N,
\
\.
\,
R
Ll

1.
L1l

L

TIrrr

T

TTTT

T

T

LI

Curves equal the WHO Growth Standard
at 50 weeks.

Sources: Inraulenne saction - Garmany (Voight 2010)
Unitad States (Ozan 2010), Australa (Roberts 1990),

Canada (Kramer 2001), Scolland (Bonelie 2008), and

Italy (Bertino 2010). Post tarm section - tha World Health
Org Geowth Standard, 2006,

www.ucalgary.caffenton

T S S
22 24 26 28 30

L1 1
32 34 36 38 40 42 44 46 48 50

Gestational age (weeks)

S
($)]

IS
(=]

Centimeters

w
w o IN

Weight (kilograms)

N
o

1.5

0.5

0

43



Table 9. Correlation coefficients (r) and p-values for birth anthropometric measures
in females

B 0.4538 0,080
L (cm) 0,6266 0,0002
HC (cm) 0,1592 0,4905

Table 10. Correlation coefficients (r) and p-values for birth anthropometric
measures in males

I N P
P () 0,5480 0,0525

0,0143 0,9666
HC (cm) 20,0536 0,8911

Figure 7.
Birth Weight by Gestational Age with Critical Threshold Indication
4000
°
3500
° °
[ ]
3000
C) .
'g 2500 o e mm——————————————————————————— e e e e e g TTmmmmmmmmmmmmmeeeee
o M ° $
£ . : .
[11]
2000 L A ° A .
[ ] ° ° [ ]
1500
° °
[ ]
1000

28 30 32 34 36 38 40 42

Gestational age (weeks)

44



Moreover, eating behavior impairments were examined, and several participants
exhibited specific difficulties. These included prolonged mealtime duration (more than
30 minutes) (n=20, 28.6%), food selectivity characterized by a strong preference for
certain foods and textures along with discomfort towards a wide range of food types
(n=15, 21.4%), and delayed development of oral-motor skills and self-feeding abilities
(n=16, 22.9%), food refusal and reluctance due to sensorial issues (n=4, 5.7%), lower
appetite or interest in food (n=9, 12.9%), food pocketing (i.e., retaining food in the cheeks
or in the front of the mouth for extended periods of time (n=6, 8.6%) and finally using
eating behaviors as a means of self-comfort, self-soothing, or self-stimulation (n=15,

21.4%).

An independent samples t-test was conducted to examine whether there was a significant
difference in birth weight between who exhibited food selectivity and those who did not.
The analysis revealed that the difference in birth weight between the two groups was not
statistically significant, t (16.07) = -1.284, p = 0.109, although the mean birth weight
appeared lower in the group with food selectivity (1617.11 g versus 2116.7g). These
findings suggest that there is no sufficient evidence to support the hypothesis that food

selectivity in children with FASD is associated with significantly lower birth weight.

Additionally, a one-way ANOVA was conducted to compare the total number of feeding
problems  across  diagnostic  groups (FAS, pFAS, ARBD, ARND).
The results were not statistically significant, F (3, 155) =0.155, p = 0.857, indicating that

there is no difference in the number of feeding problems among diagnostic groups.

The figure 15 shows the mean total number of feeding problems across the four diagnostic
groups (FAS, pFAS, ARBD, ARND). As confirmed by the one-way ANOVA, there were
no statistically significant differences among the groups. This indicates that the number

of feeding problems does not differ significantly based on the diagnosis.
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Figure 8. Number of feeding problems across the four diagnostic groups (FAS,

pFAS, ARBD, ARND)
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Diagnosis

Findings don’t support a significant correlation between antiepileptic drug use and the
onset of dysphagia. Only one participant out of 70 reported dysphagia and swallowing
difficulties and concurrent use of an antiepileptic drug (Tegretol at the time of the survey),
along with previous use of Risperdal (no longer in use) and current use of Gabapentin and

Strattera and antipsychotic drugs (4 total medication)

However, the results revealed only one formally diagnosed case of dysphagia among the
participants, but, according to data from the PedsQL™ Gastrointestinal Symptoms
Module (GIS), self-reported swallowing difficulties were more frequent: 7 participants
reported symptoms ‘“sometimes”, 2 “often”, and 1 “almost always”. Notably, these
individuals did not coincide with the participant who had received the formal diagnosis

of dysphagia.

Specifically, the participant who reported experiencing almost always swallowing
difficulties was under undergoing with four antipsychotic medications and had a history
of antiepileptic drug use, which was suspended at the time of the survey. In contrast, the
two participants who reported experiencing often swallowing difficulties were not

undergoing any pharmacological treatment.
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No data regarding endoscopic evaluations or other clinical assessments were collected.

Overall, 33 (42.3%) participants indicated a need for speech therapy intervention, while
8 (11.4%) reported that they did not require such support, and 29 (41.4%) did not respond
to the question. Among those who reported the need for speech therapy, one was the
participant who experienced swallowing difficulties “almost always”. Conversely, the
participants who answered “often” did not respond to this specific item, and only two
participants who reported experiencing difficulties “sometimes” indicated a need for
speech therapy. Notably, the only participant who explicitly reported dysphagia stated

that they did not require intervention by a speech therapist.

4.2 Gut-brain axis disorders

Gut-brain axis was also well investigated. Extrapolated data revealed high presence of
gastrointestinal symptoms, suggesting that symptoms were quite widespread, with a
significant preponderance of stypsis, complained by the 23.9% of the participant,
followed by meteorism (17.4%), hiccup (10.9%), recurrent abdominal pain (6.5%) ,
halitosis (10.9%), diarrhea (13%), nausea and vomit (6.5%), and at last dyspepsia,
dysphagia, pyrosis, rumination and retrosternal pain (all of them 2.2%) (Figure 16).

Gastrointestinal symptoms were assessed using PedsQL — GIS score, which lead to the

following conclusions.

Only one participant complained dyspepsia and reported early satiety and only one

participant declared to have dysphagia and reported difficulties in swallowing food.

The analysis of valid responses revealed a mean GIS score of 87.6, indicating relatively

low levels of reported gastrointestinal symptoms among the participants.
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Figure 9.

Frequence of gastrointestinal symptoms
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Children showed behavioral issues, which may be also linked to gut-brain axis disorder,
in detail, the 53.5 % was oppositional defiant disorder, 34.9 % had conduct disorder, 23.3
% was explosive intermittent, the 25.6% had stereotyped movement without self-
injurious behavior and the 14% with self-injurious behavior; cognitive impairment were
found, 69.8% had cognitive delay, 67.4% ADHD, 48.8 % specific learning disorder and

23.3% pervasive developmental disorders.

Children showed behavioral issues, which may be also linked to gut-brain axis disorder,
in detail, the 53.5 % was oppositional defiant disorder, 34.9 % had conduct disorder, 23.3
% was explosive intermittent, the 25.6% had stereotyped movement without self-
injurious behavior and the 14% with self-injurious behavior; cognitive impairment were
found, 71.4% had cognitive delay 71.4% ADHD, 52.9 % specific learning disorder and
22.9% pervasive developmental disorders, while the 21.4 selected “other”: we reported
some repeated speech issues, suspect of autism, memory deficits, attachment disorder and

post-traumatic stress disorder, emotional disorders, Tourette syndrome.
Other cognitive and neurodevelopmental issues were expressed in free-text responses,

including: speech and language difficulties (n = 3), memory deficits (n = 2), prenatal

central nervous system injuries of toxic-metabolic origin and psychomotor developmental

48



delay (n = 2), emotional disorders (n=2), attention (n=3) deficit and learning disorders (n
= 2), attachment disorder and post-traumatic stress disorder (PTSD) (n = 1), cognitive
disharmony with associated memory and attention difficulties (n = 1), Tourette syndrome,
oppositional defiant disorder (ODD), emotional and impulse dysregulation, and social

anxiety (n = 1), and suspected autism spectrum disorder (n = 2) (Table 11 and Figure 17).

Table 11.

NEUROCOGNITIVE OR BEHAVIORAL ISSUE

Oppositional defiant disorder 53,5
Conduct disorder 34,9
Explosive intermittent 23,3
Stereotyped movement without self-injurious behavior 25,6
Stereotyped movement with self-injurious behavior 14

Cognitive delay 69,8
ADHD 67,4
Specific learning disorder 48,8
Pervasive developmental disorders 23,3
Other 21,4
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Figure 10.
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4.3 QoL

The study explored data about Quality of Life of the participants.

To explore fatigue-related symptoms, the PedsQL™ Multidimensional Fatigue Scale was
administered. This tool evaluates fatigue across three domains, with scores ranging from
0 (indicating severe fatigue) to 100 (indicating no fatigue). The mean total fatigue score

was 45.1, reflecting a generally high level of fatigue among participants.

Additionally, the PedsQL™ Generic Core Scales were utilized to assess overall Quality
of Life. Age-appropriate versions of the questionnaire were selected based on the
participants’ age groups, and responses were provided by caregivers. The sample
included children and young people aged 812 (pre-adolescents), 13—18 (adolescents),
and 18-25 years (young adults).

Considering a scoring range from 0 (lowest QoL) to 100 (highest QoL), the overall mean
score on the PedsQL Core was 47.5. This result suggests a perceived low Quality of Life

across the sample, as reported by caregivers.
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Additionally, the PedsQL Gastrointestinal Symptoms Scale (GIS) was administered to
assess the presence and severity of gastrointestinal symptoms among participants. Higher
scores on the indicate fewer gastrointestinal problems and better perceived
gastrointestinal health. The mean score obtained was 87.6, indicating a relatively low
level of gastrointestinal symptom burden and a good health-related quality of life in

relation to GI functioning.

5.Discussion

Children with FASD often present with a range of physical abnormalities and
impairments that affect multiple organ systems. They may experience medical conditions
involving nutrition and gastrointestinal functioning, as well as ophthalmologic,
cardiologic, skeletal, auditory, genitourinary, and pulmonary complications.

Although evidence about FASD is still emerging, diagnosis is not always clear and made
promptly, in fact from the sample only the 69.8% had a confirmed diagnosis, while the
9.4% of the sample were expecting to have it and 20.9% only suspected it.

The fact that the mean age of undiagnosed individuals is 20 years highlights how
significantly delayed the diagnostic process can be. In many cases, this delay is due to the
difficulty—or impossibility—of obtaining reliable information about the birth mother’s

history, which is often incomplete or unknown (36).

Findings in this study revealed significant variability in the clinical management of
children with a confirmed diagnosis of FASD, both in terms of the medical specialists
involved in the diagnosis, treatment and follow up. Diagnosis was made by different
medical specialists: 25.7% by neuropsychiatrists, 24.3% by geneticists, 13.3% by
pediatricians and 20% by other specialists (20%). This heterogeneity in diagnostic
pathways reflects the multifaceted nature of FASD and the absence of a standardized
clinical protocol, which may lead to differences in how cases are assessed and
subsequently treated.

Not surprisingly, therapeutic approaches also varied widely among participants. Children
were prescribed different types of medications, including hormonal therapies,
antiepileptic, and antipsychotic drugs. Additionally, a notable proportion (22.9%) were

receiving dietary or nutritional supplements.
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The frequency of birth country found in the sample seemed to confirm the one reported
in literature, in fact the higher frequencies were found in Russian Federation, Italy,
Poland, which are all European countries where prevalence of alcohol consume during

pregnancy prevalence is high (26).

Our data confirmed previous data reported in literature, FASD may increase risk of
premature births. Results showed that the proportion of preterm births compared to full-
term births was higher in children with FAS compared to those with pFAS and ARND
but given the scarcity of sample this evidence should be interpreted with caution. APGAR
Score was studied and found the newborns of the sample were often in fair condition but
can be undergone a moderate distress. Considering that APGAR Score our cohort shows

high risk in the newborns of physical health, with 5% of the sample had a score <7.

APGAR Score were studied based on the diagnosis, finding that FAS participants had a
significantly lower APGAR scores compared to those with pFAS, also participants with
pFAS showed significantly higher Apgar scores compared to those diagnosed with
ARND.

Globally 15-20% of all babies born have low birth weight. When assessed according to
the Fenton growth charts for preterm infants, the anthropometric data indicate a general
trend toward lower-than-expected growth parameters for gestational age. Weight values
were predominantly distributed between the 3rd and 50th percentiles, with a
concentration below the 25th percentile. The mean weight for both sexes fell between the
3rd and 10th percentiles, suggesting that most infants were small for gestational age
(SGA). This finding is consistent with intrauterine growth restriction (IUGR) or early

postnatal growth faltering, both of which are relatively common in preterm populations.

Length measurements showed greater variability, ranging from below the 3rd to above
the 75th percentile. Despite this spread, the mean length for males was slightly above the
10th percentile, while for females it was positioned just above the 50th percentile. The
relative preservation of linear growth, particularly among females, in contrast with the
marked reduction in weight, suggests a pattern of asymmetric growth restriction, in which

length and head circumference are less affected than body weight.
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Head circumference values also fell within the lower percentiles but remained largely
within the normal range for gestational age. Mean head circumference was just above the
10th percentile in males and between the 10th and 50th percentiles in females. The
relative sparing of head growth compared to weight further supports the hypothesis of
asymmetric [IUGR, where brain growth is prioritized through adaptive redistribution of

blood flow.

Overall, the growth pattern observed across these parameters—Ilow weight, moderately
preserved length, and near-normal head circumference—suggests that most infants
experienced intrauterine or early postnatal growth compromise, but without evidence of
proportionate growth failure. These findings underline the importance of close postnatal
monitoring to ensure adequate catch-up growth and to evaluate potential long-term effects

of early growth restriction on neurodevelopmental outcomes.

The most important direct factor contributing to low birth weight is preterm birth (113).
Normally, premature newborns tend to be smaller and to weigh less than term ones and
follow the Fenton curves (114).

The lack of a significant association between birth weight categories and gestational age
observed in this study is noteworthy. Typically, birth weight is expected to correlate
strongly with gestational age, with lower weights associated with preterm births.
However, in this sample, it is possible that some infants born at term still presented with
low birth weight, potentially due to underlying medical or developmental conditions. This
finding highlights the complexity of factors influencing birth weight beyond gestational
duration alone and suggests the need for further investigation into additional risk factors
affecting fetal growth in this population.

Data about eating behavior were also observed and highlighted the complexity and
variability of eating behavior impairments in children with FASD. While prolonged
mealtimes and food selectivity were among the most frequently reported issues, a wide
range of difficulties emerged across the sample, reflecting the multifactorial nature of
feeding challenges in this population (91).

Prolonged mealtimes may suggest underlying oral-motor difficulties or attentional
challenges, all of which are commonly associated with FASD. Similarly, the presence of

food selectivity in over 20% of cases points toward possible sensory processing issues or
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early developmental feeding disturbances, which may contribute to restrictive eating
patterns and nutritional imbalance.

Delayed acquisition of oral-motor and self-feeding skills further supports the hypothesis
that neurodevelopmental delays in FASD can extend into the domain of eating behavior,

affecting both motor coordination and autonomy at mealtimes.

Less frequent, but still clinically relevant, were behaviors such as food refusal due to

sensory aversion, food pocketing, and using food for self-regulation purposes.

Findings from the survey contributed to gather data about the presence of gut-brain axis
disorders in children with FASD. While formally diagnosed cases were rare, self-reported
data from the PedsQL™ Gastrointestinal Symptoms Module revealed a higher prevalence
of swallowing difficulties, but none of these participants had a formally diagnosis. The
absence of clinical evaluations (e.g., endoscopy) limits conclusions regarding the
presence of esophageal pathology.

Among those who reported the need for speech therapy, one was the participant who
experienced swallowing difficulties “almost always”. Conversely, the participants who
answered “often” did not respond to this specific item, and only two participants who

reported experiencing difficulties “sometimes” indicated a need for speech therapy.

One of the aims of this study was to examine the perceived Quality of Life (QoL) of
children diagnosed with Fetal Alcohol Spectrum Disorders (FASD), as reported by their

caregivers.

Considering that the Pediatric Quality of Life Inventory (PedsQL™) is scored on a scale
from 0 to 100, with higher values reflecting better perceived quality of life, we reported
the means scores of the Scales included in the survey.

PedsQL™ 3.0 Multidimensional Fatigue Scale indicated that children with FASD exhibit
significantly elevated fatigue overall, in fact the mean Score of Total Fatigue Mean was
45.10.

Also, PedsQL™ 4.0 Core Scales was used to investigate physical, emotional, social, and

school functioning in children and adolescents, providing a comprehensive measure of
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perceived health-related quality of life. Results show a score mean of 47.39, indicating a
moderate impairment in HRQOL and implicated perceived issues about the studied areas.
For what concerns PedsQL-GIS, higher scores represent fewer symptoms and better
gastrointestinal functioning. The mean score of the participant was 87,6, suggesting that
participants experienced minimal gastrointestinal distress.

While the numeric score suggests a relatively mild presence of symptoms, the nature and
frequency of individual complaints may point to underlying discomfort that could affect

daily functioning, dietary habits, and quality of life.

Another aspect worth noting, is the possible relation between PAE, maternal and fetus’
microbiota changes and modulations end related issues in gut-brain axis, area currently
indagated in literature. The suggestion is that alteration in microbiota composition and
function may cause outcomes of what is called gut-brain axis, thus leading to
neuroinflammation, brain development and behavioral consequences, thus and event

long-term problems with thinking and behavior (90).

Extrapolated data show a quite widespread neurocognitive and neurobehavioral issues in
these participants. Literature is emerging about the hypothesis of the link between gut-
brain axis functioning neuroinflammation and consequent neurobehavioral e

neurocognitive issues (115).

The study sample consisted of 70 participants, which is a relatively small size for robust
statistical analyses. Additionally, not all participants completed every questionnaire item,
resulting in missing data. These factors may introduce bias and limit the generalizability
of the findings and the small sample size reduces statistical power. Consequently, the
significance of the observed findings should be interpreted with caution, and further

research with larger, more complete datasets is recommended to confirm these results.

6. Conclusions

Our findings underscore the importance of a multidisciplinary approach for the

comprehensive management of children with Fetal Alcohol Spectrum Disorders (FASD),

55



ensuring that care addresses the full spectrum of medical, cognitive, behavioral, and
psychosocial needs.

Diversity in medical management highlights the need for more standardized,
multidisciplinary guidelines in the diagnosis and treatment of FASD. While
individualized care is essential, particularly given the variability in symptom presentation,
the lack of coordination across specialties may contribute less effective care and
additional challenges for the families.

In particular, as focus of the thesis, early individualized intervention is essential to provide
assistance for the feeding problems, from a dietetic and neurodevelopmental point of
view. Gastrointestinal screening may be fundamental to treat possible GI symptoms and
may not only improve physical health and nutritional outcomes but could also contribute
to better emotional regulation and behavioral functioning through the modulation of the
gut-brain axis.

Early screening of QoL is essential to identify critical areas to implement a targeted and
effective intervention plan.

Further studies in this field with larger sample and control groups are needed to better
understand the disease necessities, standardized, and accelerate diagnostic and treatment

pathways, and also to enhance their effectiveness.
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