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ABSTRACT 

The research of my PhD program was part of the Life MILCH Project, which is a longitudinal 

pilot study aiming to determine the association between mothers’ life and nutritional habits, 

maternal levels of EDCs, EDCs in breastmilk or formula, and infants’ growth and 

neurobehavioral development in the first year of life in two geographical area: Emilia 

Romagna and Sardinia. Endocrine Disrupting Chemicals (EDCs) are man-made 

environmental chemicals present in everyday environment and food (e.g., phthalates, 

bisphenol A, Heavy metals, Glyphosate, Dioxin) that can disrupt the programming of 

endocrine signalling pathways during development, resulting in adverse effects that may not 

be apparent until much later in life. Maternal exposure to EDCs during pregnancy and 

lactation results in fetal and neonatal exposure via utero and breastmilk. Exposure to EDCs 

(in utero or by breastfeeding) has been associated to impairment of reproductive, 

neurobehavioral, metabolic, and immunologic functions.  

In the present study 245 pregnant women were enrolled at Parma University Hospital and 

subjected to 2 questionnaires on lifestyle and nutritional habit (Q#1, Q#2) and to urine 

collection. At birth, 1, 3, 6, and 12 months of age, infants’ growth and neurobehavioral 

development were assessed by a clinical exam and different tests: Visual Preference 

Paradigm, Face-to-Face-Still-Face, Fagan test, Barrier Task, and the Bayley III Scale. Pre- 

and post-natal infant exposure to EDCs was assessed through questionnaires about 

maternal and infant lifestyle and nutritional habits and by the analysis of biological samples 

(maternal and infant urine, plasma, breastmilk, or formula). Maternal lifestyle, nutritional and 

clinical information before and after pregnancy will be correlated with EDC levels in 

biological samples and infants’ growth and neurodevelopment. 

The longitudinal data analyses presented here are based on a sub-group of 88 mother-infant 

dyads who took part to the follow-up visits both for evaluation of physical and 

neurobehavioral development at 1 and 3 months of life (Visual Preference Paradigm and 

Face-to-Face-Still-Face), and for the neurodevelopmental assessment at 6 and 12 months 

of life (Bayley test).  A sub-sample of 22 mother-infant dyads, of which the chemical data 

have been obtained, were selected to analyze the interaction effects between specific EDCs, 

namely: (i) Bisphenols (BPs) and Parabens (PBs) concentration levels in breastmilk and 

maternal urine at the recruitment, 1 and 3 months after birth with infants growth parameters 

and neurodevelopmental outcomes; (ii) Maternal-infant lifestyle and nutritional habits with 

infants growth parameters and neurodevelopmental outcomes. 



2 

 

Preliminary results show significant interaction effects between pre- and post- natal BPs and 

PBs concentration levels in breastmilk and maternal urine, and the infant growth and 

neurodevelopment. More specifically, anogenital distance, body weight, socioemotional 

stress response, and neurodevelopmental areas influence were found. Finally, there were 

significant interaction effects between pre- and post-natal maternal and infant lifestyle and 

nutritional habits, and infant anogenital distance, body weight, socioemotional stress 

response, cognitive and motor developmental areas.  

The small sample size, due to the Covid-19 pandemic related delays in the sample collection 

and analysis, prevented a robust statistical assessment. However, these preliminary results 

suggest that infant neurobehavioral outcomes may be affected by exposure to EDCs and 

may provide early biomarkers of effects in relation to maternal lifestyle and nutritional habits. 

Further analysis will allow to better understand the possible associations between maternal 

lifestyle and nutritional habits, EDCs exposure via breastmilk and infant neurodevelopment 

and growth in order to develop a risk assessment model of EDCs exposure and effects.  
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1. GENERAL INTRODUCTION  

1.1. Background 

Breast milk (BM) is the most important source of nutrition for the infant and plays an 

important role in healthy infant’s development. Human milk has a complex composition and 

contains both endogenous and exogenous substances. Endogenous constituents include 

nutritive and non-nutritive components such as lipids, proteins, carbohydrates, minerals, 

vitamins, enzymes, immunoglobulins and cytokines, growth factors and hormones, and 

other bioactive compounds that contribute to the well-being of the infant (LaKind et al., 2002, 

Garofalo 2010; Grosvenor et al., 1993; Hurley and Theil, 2011). Exogenous substances can 

derive from the mother’s surroundings, depending on her behavior, diet, and lifestyle by 

intentional or unintentional exposure (i.e., medication, smoking cigarettes, use of body 

lotion, cosmetics, environmental chemicals that may be present in water, air, soil, and food). 

These compounds are generally referred to as environmental chemicals and may represent 

a potential risk factor for the infant and for its development (Braun, 2017; Street et al., 2018; 

Davis et al., 2019).  

Over the last 50 years there has been intense interest in studying whether environmental 

components in human milk can exert bioactive effects on infant development with a 

particular attention to Endocrine disrupting chemicals (EDCs), made-man environmental 

chemicals present in food, consumer products, and our environment. Exposure to EDCs in 

unavoidable and life-long. The aim of this review is to discuss the current evidence relative 

to the presence of EDCs in BM and their association with neurobehavioral outcomes in 

infants. Specifically, we will (i) highlight the importance of breast milk as key reference 

substrate to evaluate the impact of EDCs on neurodevelopment; (ii) expand the current 

comprehensive analysis of the potential health risks of infants exposed to EDCs via breast 

milk, especially in relation to infant’s neurobehavioral development during the first years of 

life; and (iii) highlight the need to improve future human milk surveillance, monitoring, and 

research programs in this field. 

BM acknowledged benefits include “health, nutritional, immunologic, developmental, 

psychological, social, economic and environmental advantages” (AAP,1997), all of which 

make BM the most complete form of nutrition for infants. Moreover, the physiological 

responses associated to breastfeeding induce positive consequences on maternal health 

(AAP, 1997, U.S. DHHS,2000; Turk, 2005; Krol et al., 2018; Anatolitou F., 2012) including 

psychological implications related to the oxytocin-based development of the mother-infant 
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bond. Breastfeeding involves skin-to-skin contact that stimulates oxytocinergic system 

promoting social interaction, bonding and attachment between mother and infant such as 

decreases stress levels (Moberg et al., 2020; Peñacoba et al., 2019; Chemek, 2019; 

Dieterich et al., 2013). For these reasons the World Health Organization (WHO) encourages 

the implementation of activities “to protect, promote and support exclusive breastfeeding for 

6 months as a global public health recommendation, and to provide safe and appropriate 

complementary foods, with continued breastfeeding for up to 2 years of age or beyond” 

(WHO, 2002).  

EDCs are exogenous chemicals capable of disrupting normal hormone action (Gore et al., 

2014; Diamanti-Kandrakis et al 2009). When effects of EDCs occur at an early life stage, 

they may impact adversely multiple endocrine pathways and alter developmental 

trajectories, thereby playing a role in susceptibility to disease and later dysfunctions in life 

because of altered “programming” in utero, as also explained by  the Developmental Origins 

of Health and Disease (DOHaD) theory (Gore et al., 2014; Braun, 2016, Botton et al., 2017; 

Rivollier, 2019; Roncati et al., 2016; Shung et al., 2011; Hanson et al. 2011; Braun, 2017; 

Street et al., 2018; Davis et al., 2019).  

1.1.1. Endocrine Disrupting chemicals  

EDCs can be divided in two classes: persistent and nonpersistent organic chemicals, both 

present in the environment and detected at different concentrations levels in BM (Niu et al., 

2021; Lehmann et al., 2018; Alcala et al., 2019). Ingestion, inhalation, and dermal absorption 

are the main routes of EDCs exposure (Li et al., 2019; Wei et al., 2021)  

Persistent organic chemicals are the most studied environmental chemicals and include 

dioxins, polychlorinated biphenyls (PCBs), organochlorine pesticides (OCP), and flame 

retardants as polybrominated diphenyl ethers (PBDEs). Dioxins, the most toxic compounds, 

are released into the environment as products of combustion through industrial processes 

(Breivik et al., 2004; Patrizi et al., 2019) but derive also from pesticides and herbicides (Holt 

et al., 2010). Moreover, various environmental matrices like soil, and water can contain 

dioxins that through the food chain processes can reach human tissues (Patrizi et al, 2019). 

PCBs are used in industry for a variety of purposes (i.e., production of plastic resins, 

carbonless copy paper, electrical equipment as coolants and lubricants), and are present in 

plastics, adhesives, oil-based paints, and floor finishes (Mallozzi et al., 2016; Davis et al., 

2019; EPA, 2018). PBDE, a class of flame retardant used for several decades, can be taken 

through diet (i.e., fish, meat, dairy products and oil, vegetable), dust, air, and consumer 
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products (Frederiksen et al., 2009). Nonpersistent organic compounds include Bisphenol A 

(BPA), phthalate metabolites, parabens, perfluoroalkyl substances (PFAS), 

perfluorooctanoic acid (PFOA), perfluorooctane sulfonate (PFOS), and heavy metals (Alcala 

et al., 2019).  BPA compounds are present in air (Hines et al., 2017), plastic (Corrales et al., 

2015), soil (Chakraborty et al., 2019), sediment (Chakraborty et al., 2019), water (Santhi et 

al., 2012), and food (Vandenberg et al., 2007). Phthalates are manufactured and used 

mainly as plasticizers, solvents, and additive in many consumer products (i.e., vinyl flooring, 

wall coverings, food container), personal care products like detergents and cosmetics 

(Lehamannet al., LaKind et al., 2018; Street et al., 2018, Centers for Disease Control and 

Prevention. Phthalates Factsheet. 2017) and in the production of inflatable and plastic toys 

(Centers for Disease Control and Prevention. Phthalates Factsheet. 2017). Parabens are 

widely used as preservatives in cosmetics (i.e., such as body or hand lotions and face 

cream), as excipients in pharmaceuticals to prevent degradation or microbial growth, food, 

personal care products and products for children (Soni et al., 2005, Wei et al., 2021, Janjua 

et al., 2007). Finally, heavy metals (i.e., mercury, lead, and nickel) are the result of industrial 

processes to produce pesticide and water processing (Clarkson et al., 2007) but can be 

found also in food (i.e., fish and seafood consumption primarily) and personal care products 

like cosmetics (Chan, 2011; Fu et al., 2020; Rehman et al., 2018).  

The widespread human exposure to EDCs has been documented in Europe, in the US and 

worldwide (Trasande et al. 2015; Prevention USCfDCa 2018). Recently, different monitoring 

and biomonitoring programs have been included in national and regional environmental 

monitoring plans by agencies to promote effective actions to assess and lower potential 

exposure to EDCs in the population (La Rocca et al., 2018; Smerieri et al., 2018). 

1.1.2. EDCs exposure and health consequences 

The most common EDCs that have been reported to cause disturbances in wildlife, animal 

models and humans are bisphenol A (BPA), phthalates, parabens, polybrominated diphenyl 

ethers (PBDEs), polychlorinated biphenyls (PCBs), dioxins and heavy metals. A growing 

body of evidence has shown that the reproductive system, growth, metabolic and immune 

systems, neural- and behavioral development are susceptible to prenatal and perinatal 

exposure to EDCs (Street et al., 2018, Nelson et al., 2020, Roncati et al., 2016, Rivollier et 

al., 2019; Heindel et al. 2015; 2017). EDCs have been linked to health problems including 

obesity, diabetes, reproduction, cancers, and neurodevelopmental problems (Gore et al, 

2015; Yilmaz, B., 2020). More specifically, experimental, and epidemiological evidence 



6 

 

indicate that EDCs, also at very low doses, may affect the developing brain in  sex specific 

way (e.g., Patisaul and Polston 2008, Martini et al. 2010; Cao et al. 2013; Rabouli & Patisaul 

2016), and disrupt metabolic systems during critical windows of development with an impact 

on non-communicable diseases such as obesity, diabetes, and metabolic syndrome 

(Heindel et al 2015-Parma consensus statement; Heindel et al. 2017), on reproductive 

disorders including compromised fertility, early puberty, decreased sperm counts, genital 

malformations, and unbalanced sex ratios (Street et al., 2018; Sartori et al., 2011; Crain et 

al., 2008; Mouritsen et al., 2010; Jefferson et al., 2012; Newbold, 2008; Uzumcu et al., 2012; 

Machtinger et al., 2013; Uzumcu et al., 2012) such as emotional, motor, cognitive, social, 

sexual, and parental behavior (Palanza et al. 2008; 2016; Gore et al., 2019; Wolestholme et 

al. 2011; Rosenfeldt 2015). 

Similarly, robust evidence from experimental studies in animal models, together with fewer 

human epidemiological studies, have indicated that brain and behavior are sensitive targets 

of endocrine disruption (Street & Bernasconi, 2020; Streifer et al., 2021; Gore et al., 2019; 

Street et al 2018).  

Across mammalian species, developmental exposure to EDCs has been associated to 

alterations of emotional, motor, cognitive, social, sexual, and parental behavior (Palanza et 

al 2016). Findings in human studies are highly heterogeneous but show adverse effects of 

gestational exposure to EDCs on child neurobehavioral development (Braun 2017a, b; 

Street et al 2018). In both animal and human studies, current evidence points to sex-specific 

effects of developmental exposure to EDCs depending upon the type of chemicals and the 

specific endpoints examined (Palanza et al. 2021). Importantly, a substantial consistency 

between animal and human studies has emerged from the current literature, indicating that 

experimental findings in animal models can predict human epidemiological findings at least 

in part, and be thus instrumental to assess the long-term impact of developmental exposure 

to EDCs (Palanza et al. 2021).  

Most of the rodent studies on the effects of developmental exposure to EDCs include in 

utero plus lactational exposure. One study examined neonatal exposure to low-dose BPA, 

showing that BPA increased activity in the open field only in female prairie voles (Microtus 

ochrogaster) and eliminated sex differences in exploration (Sullivan et al., 2014).  In addition, 

the authors concluded that EDC-treatment of pregnant dams during gestation could result 

in a maternal chemical burden during the postnatal period, which could result in exposure 

of pups via milk if at birth they are not nursed by an untreated foster dam (Courtney and 
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Andrews,1985). A study examining the effects of gestational exposure to BPA and cross-

fostering procedures in mice (Cox et al., 2010) observed that pups reared by biological dams 

exposed to BPA for 1–2 days longer than pups fostered to a dam on a control diet showed 

increased anxiety behavior in sex-specific manner thus showing the importance of 

separating prenatal and postnatal effects by including a cross-fostering procedure.  

Using a cross-fostering design in rats, You et al. (1999) reported that Dichloro-2,2-bis(p-

chlorophenyl) ethylene (DDE) lactational (postnatal) exposure induced similar effects to 

those observed in the offspring subjected to both gestational and lactational exposure. In 

line with this finding, postnatal BPA exposure had larger effects than prenatal exposure only 

on both exploration and anxiety-like behaviors of mice tested in different test paradigms 

(Gioiosa et al. 2013). Postnatal and prenatal-only BPA exposures were achieved by cross-

fostering unexposed pups to BPA-treated dams and BPA-exposed pups to untreated dams, 

respectively. Interestingly, postnatal BPA exposure via milk induced a range of 

neurobehavioral outcomes overlapping with those reported in mice exposed to BPA during 

gestation plus lactation (Gioiosa et al., 2007; 2013). This suggests that in mice and rats early 

postnatal development is the most critical period for EDC effects and that the lactation route 

can be quantitatively more important than the in-utero route, at least for some outcomes. It 

should be considered, however, that the cross-fostering procedure per se could affect 

mothers’ behavior and/or offspring development. 

1.1.3. Milk composition and its role in neurobehavioral development  

Human milk is the most complete and the unique superior feeding source for infants with 

immunologic, developmental, and practical benefits from childhood to adulthood (Stefanidou 

et al., 2009). It is species-specific (Anatolitou, 2012; Hambraeus et al., 1975) and provides 

precise quantitative and qualitative growth- and immune-enhancing factors to the infant also 

enhancing, at the same time, the mother-infant relationship (Chemek & Nevoral, 2019). 

Nutritive (i.e., lipids, carbohydrates, proteins, amino acids, minerals, and vitamins) and non-

nutritive (i.e., enzymes, immunoglobulins, nucleic acids, hormones, growth factors, and 

different types of cells) constituents contained in human milk contribute to the infant’s well-

being and are of paramount relevance to fulfill the nutritional needs of infants and ensure 

infants growth and development (Anatolitou, 2012, LaKind et al., 2004; Agostoni et al., 

2009), affecting absorption and metabolism, development of the gut microbiota and 

maturation, control of risk of infections and allergies, development of the brain and eye 

(Stahl, 2011). Human milk provides nutrients, but also bioactive components, relate to short- 
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and long-term benefits to health and development (Anatolitou, 2019; Lonnerdal, 2011). The 

positive association between BM, breastfeeding infants and developmental outcomes is well 

known (Lockyer et al., 2021; Anatolitou, 2019). Prolonged neurodevelopmental benefits in 

infants refer to better intellectual performance and higher Intelligence Quotient (IQ) (Victora 

et al., 2016), increase of white and grey matter development (Deoni et al., 2013; Isaacs et 

al., 2010), and improve memory and motor skills (Belfort et al., 2016). BM and breastfeeding 

also improved maternal emotional benefits as enhancing mother-infant bonding and 

empowerment (Dietrich et al., 2013; Chemek et al., 2019) including a more rapid postpartum 

recovery, increased interpregnancy interval (IPI, interval of time between the end of the one 

pregnancy and the beginning of the next), lower incidence of breast- and ovarian cancer, 

and decreased risk of osteoporosis (Dietrich et al., 2013; Chemek et al., 2019). 

1.1.4. Passage of EDCs from the mother to the infant: breast milk and breastfeeding 

The mechanism behind the transfer of EDCs from the mother to the infant resembles a drug 

transfer process (Harris et al., 2001). Exposure to EDCs occurs through different sources 

such as diet, occupational exposure, or personal habits. Once a woman has been exposed, 

EDCs can be stored in the woman’s body in adipose tissue, brain, liver and, also, in the 

mammary glands (Stefanidou et al., 2009). Consequently, pregnant women become a 

source of EDCs exposure for their infants in several ways. Prenatal EDCs can be transferred 

to the infant through transplacental absorption in utero. Postnatally, a maternal source of 

EDCs is colostrum, in the first days of life, and breast milk (Harris et al., 2001). 

Colostrum is the first form of milk produced by the mammary glands immediately after 

delivery. Breast milk is synthesized in the mammary gland, where milk components and 

precursors pass through a membrane that separates the blood flowing in capillaries from 

the alveolar epithelial cell of the breast (Stefanidou et al., 2009). The alveolar cells of the 

mammary glands constitute the interface between blood and milk, and substrates for milk 

production are brought to the alveoli by the bloodstream (Chemek et al., 2019). The transfer 

of chemicals occurs by passive diffusion: environmental chemicals present in the blood can 

pass through the membrane and become incorporated into breast milk at concentrations 

comparable to the chemical’s levels in other body tissues (Handbook, 1985).    

Infant exposure to EDCs through breastfeeding depends on the rate of EDCs accumulation 

in breast milk, which is controlled by three important factors: maternal factors, infant factors, 

and chemical physiochemical properties (Gudi et al., 2013; Tateoka, 2015; McNamara et 

al., 2004; Schanker, 1962). Maternal factors refer to the age, physiological status, dietary 
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habits, history of smoking before and during pregnancy, consumption of alcohol during the 

first trimester of pregnancy, histories of previous pregnancy and delivery. Infant factors are 

related to suckling pattern like the volume of milk consumed and its frequency, and oral 

bioavailability of xenobiotics to the neonate. Chemical physiochemical properties are 

determined by ionization, plasma protein binding, molecular body weight, drug lipophilicity 

and pharmacokinetics in the mother (Mercogliano et al.,2018, Chemek et al., 2019). 

1.2. EDCs in breast milk 

Colostrum is the first form of milk produced by the mammary glands immediately after 

delivery. Its use as a measure of exposure to EDCs supports the importance of evaluating 

exposure from the first day of life, because the transfer of chemicals from mother to infant 

occurs during pregnancy but also in the first days of life. Therefore, colostrum represents a 

potential measure of exposure that should be considered and investigated in association 

with developmental outcome. Through breastfeeding, colostrum and BM chemicals can 

pass from mother to infants, on which they exert their action.  

To date, different studies in different populations have reported some data relative to EDC 

levels in maternal colostrum (Riva et al.,2004; Gascon et al.,2012) and BM (Mendonca et 

al., 2014; Lee et al., 2018; Mercogliano et al., 2018; Ilker et al., 2019; Lehmann et al., 2018; 

Niu et al., 2021) suggesting BM as the main via of exposure to EDCs for infants in the peri- 

and post-natal period of life. The effects and relevance of exposure is related to the stage 

of development in which it occurs. Although exposure can occur daily and during all stages 

of life, the peri- and post-natal periods are well known to be sensitive and critical period for 

the infant’s development (Barker et al., 2012; Heindel et al., 2015). The rapid developmental 

changes that occur during these periods associated with the immaturity and yet 

underdevelopment of the systems and organs renders neonates more sensitive to the 

adverse effects of EDCs showing apparently a greater negative impact of EDCs (Miller et 

al., 2002, Ladrigan et al., 2011, Street et al., 2018). Low or high concentrations of 

compounds cannot be adequately metabolized or excreted by specific mechanism (Crisp et 

al., 1998; Street et al., 2018) exerting endocrine disrupting effects and influencing negatively 

development (Chemek et al., 2019).  

In view of the above, our goal is to illustrate the current knowledge and findings in humans 

l highlighting (i) the importance of breast milk as a bio substrate to establish the impact of 

EDCs on neurodevelopment; (ii) expanding the current analyses of the potential health risks 
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of exposure to chemicals via breast milk, in order to (iii) highlight the need to improve future 

human milk surveillance, monitoring and research programs in this field.  

Therefore, we review the existing literature focusing on the human studies relative to EDC 

exposure exclusively through breastfeeding and their effects on the infant’s neurobehavioral 

development.  

1.2.1. Associations between Neurobehavioral outcomes and EDC exposure via 

breast milk 

A growing body of evidence from experimental studies in humans and animals have shown 

that exposure to EDCs leads to short- and long-term consequences on development at 

different levels (Street et al., 2018; Nelson et al., 2020).  

Although BM is acknowledged to be the best nutrition source for the infant, there is a “dark 

side” of breastfeeding related to the possible presence of chemical contaminants (Chemek 

et al., 2019). We report the evidence from both exposure to single EDCs as: (a) PCB, (b) 

PBDE, (c) Dioxins, (d) Heavy metals, and (e) OCP, and the effects of chemical mixtures, as 

the PCBs in association with (f) DDE, (g) DDE, and DDT, (h) Dioxins, (i) POPs in association 

with (j) BPA and Phthalates, and finally (k) OCP in association with PBDE.   

1.2.2. Neurodevelopmental consequences of exposure to single chemical 

contaminants 

Table 1 reports the studies considered and their main characteristics (See Appendix 1).  

Exposure to PCBs  

To date, few studies have analyzed the effects of PCBs exposure via breast milk on infant 

neurodevelopment. Notwithstanding methodological differences among studies that might 

have influenced outcomes, all studies reported potential adverse effect of these EDCs on 

cognition and psychomotor development. Table 2 reports five prospective studies that 

investigated the association between exposure to PCBs and infant development. One study 

Jacobson et al., (1985) assessed the effects of pre- and post-natal exposure to PCBs, 

measured in cord blood and breast milk samples, and evaluated children’s visual recognition 

memory at 7 months of age using the FAGAN test (Fagan et al., 1978), which is a sensitive 

method to evaluate conditions at-risk and is able to predict later cognitive deficits.  These 

authors showed that pre-natal rather than post- natal exposure to PCBs decreased the 

visual recognition memory in infants. On the contrary, post-natal effects of PCBs through 
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BM impaired cognitive performance at 7 months of age, while psychomotor functions were 

unaffected (Winneke et al. (1998). In a follow-up study Jacobson et al. (1990) found a 

negative association between postnatal exposure to PCBs and motor development. They 

assessed the long-term effects of post-natal PCB exposure via breast milk in children at 4 

years of age using as an outcome gross motor development in terms of activity 

level/impulsivity. Negative effects of PCB exposure were reported on mental and motor 

development in a longitudinal study where infants showed changes at 30 and 42 months of 

age (Walkowiak et al. 2001). A follow-up study then analyzed whether the negative impact 

of PCB exposure on mental development found at 30 and 42 months of age persisted at 72 

months of age (Winneke et al. 2005) using the same test, but no effect persisted at school 

age because of exogenous and endogenous influencing factors, respectively home 

environment and functional recovery, as suggested by the authors. 

Exposure to PBDEs  

The effects of PBDE on infant development are summarized in Table 1 (See Appendix 1). 

Lin et al. (2010) investigated the relationship between PBDE exposure and infants’ 

neurodevelopment from 8 to 13 months of age, focusing on some PBDE congeners. These 

authors reported that the cognitive scale correlated negatively with BDE 99,100,208,209 

and the sum of all congeners. Specifically, higher levels of BDE-100 produced a 

developmental delay in the cognition area. Moreover, an adverse effect on the cognitive 

areas such as the language domains were confirmed and related to exposure to BDE 206 

and 208 congeners. BDE 207, 208 and 209 reduced adaptive behavior measured by the 

Bayley III scale. In contrast, no significant association was found between PBDE and motor 

and socio-emotional scale. Similar results for PBDEs levels and cognitive, motor and socio-

emotional outcomes were found in a study on infants between 8 and 12 months of age, that 

considered fourteen different PBDE congeners (Chao et al. 2011). No associations were 

found with motor and socioemotional development, but a negative association between 

BDE-209 exposure and cognition was reported: a doubling of BDE-209 was related to lower 

cognitive scores. A further study by Gascon et al. (2012) in infants at 12 and 18 months of 

age assessing the contaminants in colostrum, found a negative association between PDBE 

levels and cognitive development, particularly for the BDE-209 congener, but also a little 

evidence for an association between PBDE levels and motor development. Higher BDE-209 

levels were related with a worse cognitive development at 12 months, after adjusting for 

potential confounding variables as other compounds also. Moreover, higher levels of PBDEs 
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were negatively associated with global infant’s development, also when the studies use 

colostrum (Gascon et al., 2012). Only the study by Chao and collaborators study (2011), 

described an association between PBDE exposure and language development in which a 

doubling of BDE 196 concentration was associated with an increase of language scores. 

Finally, findings related to effects to PDBE exposure on behavioral development are 

heterogenous. Lin et al. (2010), reported that exposure to BDE 207, 208 and 209 reduced 

adaptive behavior measured by the Bayley III scale. Hoffman et al. (2012) comparing two 

groups of infants at 36 months of age reported that PBDEs exposed infants generally 

showed lower scores on externalizing behavior problems, internalizing behavior problems, 

and dysregulation. Specifically, higher levels of BDE 47,99,100 or the sum of all BDE 

congeners considered were associated with an increase of externalizing behavior problems. 

In addition, small and inconsistent associations between BDE 28,47,99,100,153 and the 

sum of all congeners and internalizing behavior, dysregulation, and competency domains 

was found. Finally, an increase of general anxiety was related with higher BDEs 28,99, and 

100 concentrations and the sum of all congeners. In line with these results, Adgent et al. 

(2014) observed that higher PBDE concentrations were associated with more anxiety 

behavioral problems. Particularly, an increase in BDE 28 concentrations was related to an 

increase in withdrawal scores. However, in the externalizing behavior area there was a 

positive association between BDE 99 and 153 and aggressive behavior and hyperactivity. 

Nonetheless, as reported in the previous study by Chao et al., (2011) in the externalizing 

behavior area there was a positive association between BDE 99 and 153 exposure and 

aggressive behavior and hyperactivity. These and the previous data support the hypothesis 

of an adverse neurodevelopmental outcome associated with PBDE exposure via 

breastfeeding. 

Exposure to Dioxins  

Exposure to Dioxin (DDI) via BM has been widely investigated in the last ten years in dioxin 

contaminated area, mainly in Vietnam. Six studies assessing dioxin effects on infant 

neurodevelopment are available (Table 1, Appendix 1) and four of these have highlighted 

the presence of sex-biased effects on infant neurodevelopment.   

Three studies reported in both sexes a negative association between dioxin exposure and 

infant development. The Tai and collaborators (2013) found a decrease of cognitive and fine 

motor skills at 4 months of age in association with increased DDI exposure, whereas no 

effects were found in the language scores. This association was confirmed also in a follow-
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up analysis, dividing infants in four groups based upon exposure levels (high, moderate, 

mild, and low). Both moderate and high exposure to DDI were associated with a significantly 

lower cognitive and fine motor skills than the low exposure group. Furthermore, the 

moderate DDI exposure group showed lower scores in motor developmental area as 

compared with infants exposed to low DDI levels. Finally, moderate, and low exposure 

groups showed a significant difference in cognitive development related with exposure to 

the DDI metabolite 2,3,7,8-tetraCDD: the moderate exposure group had lower scores than 

low exposure group. The same significant difference was found for fine motor skills and 

motor development. Considering the same chemical compounds, Pham et al. (2015) 

followed a cohort of infants from birth until 1 year of age with different findings. No significant 

differences were found in the cognitive, language and motor domains in all groups of DDI 

and 2,3,7,8-tetraCDD except for composite motor scores in the mild exposure group that 

significantly increased and for cognitive scores in high-, moderate-, and mild-exposed 

groups of DDI that were significantly higher than in the low-exposed group suggesting an 

improvement of cognitive scores. Nonetheless, high levels of this compound were 

associated with a reduced socio-emotional development. The authors suggest a different 

effect of dioxin respectively on frontal cortex, in which it might enhance the development of 

frontal lobe, and limbic system, that could be adversely affecting during the first year of life. 

Finally, in a study run by Nishijo et al. (2014), boys and girls showed a negative association 

between higher 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) concentrations and behavior 

related to autism spectrum disorders (ASD) in the 3-year-olds, a clinical condition 

characterized by an impairment primarily in socioemotional, communicative, and behavioral 

developmental areas.   

Studies related to dioxin exposure also highlighted the presence of sex-biased effects. 

Nishijo et al. (2014) found sex differences in relation to perinatal exposure of polychlorinated 

dibenzo-p-dioxins/furans (PCDDs/Fs) and different developmental areas comparing groups 

also based on different levels of exposure. In boys, high exposure levels to PCDDs/Fs-TEQ 

were associated with lower neurodevelopmental scores in cognitive, language, and motor 

domains than mild-exposed groups. Moreover, high exposure levels to PCDD/Fs-TEQ had 

a significant impact on expressive communication in boys who showed decreased 

communication skills, while girls exposed to high levels of PCDD/Fs-TEQ has higher scores 

in expressive language area than mild-exposed group. In the same way, high- PCDD/Fs-

TEQ levels impacted negatively adaptive behavior scores in boys but not in girls. No 

significant associations and sex-dependent effects were found in fine motor skills. Tran et 
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al. (2016) focused on motor coordination and cognitive ability as Non-Verbal Index (NVI) at 

5 years of age. A negative influence of high levels of TEQ-PCDDs/Fs on coordinated 

movement and balance in boys was found compared to moderate and low exposure groups. 

The same effect, but related to TCDD exposure, was found for NVI scores. The boys 

obtained significantly lower scores within high-exposure groups compared to low exposure 

groups. No adverse association between dioxin compounds and coordinator and cognitive 

skills were found in girls within different exposure-groups. Significant sex-dependent effect 

on cognitive, language and motor development were also found by Tai et al., (2016), 

focusing on 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TetraCDD) effects at 4 months, 1 

year and 3 years of age. Results showed that higher exposure to dioxins was associated 

with lower scores in gross motor scores and vice versa. Moreover, high exposure to 

polychlorinated dibenzo p-dioxins and polychlorinated dibenzofurans (PCDDs/PCDFs-TEQ) 

was significantly associated with lower expressive communication scores and a lower 

cognitive score, when compared with lower and moderate exposure to dioxins, respectively. 

In contrast to previous studies, they found significant lower scores in fine motor scales 

associated with moderate exposure to 2,3,7,8-TetraCDD and PCDDs/PCDFs-TEQ in girls. 

Nonetheless, no significant differences emerged in cognitive, language and motor scores 

between high and low exposure groups for 2,3,7,8-TetraCDD and PCDDs/PCDFs-TEQ. 

Finally, Pham et al. (2019) examined the effects of dioxin exposure on infants’ 

neurodevelopment at 2 years of age comparing two groups: exposure vs non-exposure 

infants, as control group. A sex-dependent effect was found on expressive language scores: 

high levels of TCDD had a negative impact on expressive language in boys. However, a 

negative association between dioxin exposure and gross motor skills and motor 

development was found both in girls and boys. Specifically, high levels of TEQ-

PCDD/Fs/noPCBs and other PCDD congeners as 1,2,3,7,8-PentaCDD (PeCDD), three 

HexaCDD congeners, OctaCDD (OCDD), 1,2,3,4,7,8, -HexaCDD (HxCDD1), 1,2,3,4,7,8, -

HexaCDD (HxCDD2), and OCDD were negatively associated with gross motor scales in 

boys. In girls, the negative impact on gross motor and motor compositive scores was 

associated to high exposure levels of TEQ-PCDD/Fs/noPCBs and 1,2,3,4,7,8, -HeptaCDD 

(HpCDD). These data suggested that perinatal exposure to dioxin and other PCDD 

congeners have a potential negative influence on language and gross motor skills, 

respectively, especially in boys.  

Exposure to Heavy metals  
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To date, mercury (Hg) and lead (Pb) are the main metals that have been studied in BM in 

two different studies (Table 1, Appendix 1). Marques et al. 2014 assessed the impact of lead 

concentration (Pb) at 6 months of age on infant neurodevelopment assessing age of walking 

and age of talking, based on mothers’ recollection and mental development index (MDI) and 

psychomotor development index (PDI) at 6 and 24 months through the Bayley Scales of 

Infant Development tests (Bayley, 1969). MDI was negatively associated with Pb levels in 

breast milk at 6 months, but not at 24 months of age. In contrast, no relationship was found 

between PDI and Pb exposure at either age of assessment. The analysis of milestone 

achievements showed a significant negative influence of Pb exposure on age of walking, 

but no significant relationship was found for age of talking. Thus, these data suggest that 

higher exposure to Pb via BM was related to neurodevelopmental delays in terms of MDI 

and age of achievements.  

Al-Saleh et al. (2016) conducted a cross-sectional study in which they analyzed mercury 

(Hg) concentration in BM and its influence on the infant’s neurodevelopment from 3 to 12 

months of age using two assessment tools: the DDST-II that assesses social/personal 

aspects, fine motor and gross motor functions and language; and the PEDS, a parents’ 

questionnaire relative to learning, developmental and behavioral abilities. Data showed 

different associations between mercury levels in breast milk and developmental outcomes 

based upon the type of statistical analysis employed. Crude analysis including the 

confounding variables reported a significant association between Hg level in breast milk and 

PEDS outcome, but this relationship disappeared after adjusting for the confounding 

variables. No relationship was found between Hg BM levels and DDST-II scores. Taken 

together these studies suggest a potential negative impact of postnatal exposure to heavy 

metals (Pb and Hg) on some areas of early development that need further studies. 

Exposure to OCP  

Only one study by Kao et al., (2019a) has studied the association of OCP residues in BM 

and infant neurodevelopment in children aged 10-12 months in Taiwan at (Table 1, Appendix 

1). Infants exposed to low levels of 4-4’-DDT and trans-CHL concentrations showed better 

cognitive, language and socioemotional performances than infants with higher levels of 

exposure. Vice versa, higher levels of 4,4'-DDT and trans-CHL were significantly and 

negatively correlated with cognitive, language and socioemotional scores, producing poorer 

performances in these domains. Further analysis assessing associations between specific 

OCPs such as 4,4’-DDT, endrin, endosulfan I, heptachlor, and heptachlor epoxide and 
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neurodevelopmental performance also confirmed a negative correlation. However, this is 

the only study concerning OCPs exposure and neurodevelopment that suggests a negative 

impact of OCPs on infant neurodevelopment. Further studies are needed to improve the 

knowledge and identify potential critical windows of susceptibility to OCPs and their 

mechanism of action.   

1.2.3. Neurodevelopmental consequences of exposure to mixtures of chemical 

contaminants’  

Twelve studies have investigated the effects of EDCs on infant’s neurodevelopment 

considering not only a single chemical compound but also other contaminants, to test the 

possible adverse health effects of these mixtures (Table 2, Appendix 1). 

Exposure to PCB and DDE  

Four studies so far have analyzed the effect of PCBs in association with other chemicals 

like DDE on infant’s development. Two studies investigated the possible associations 

between exposure to PCBs and DDE and development as these chemicals might affect 

central nervous system development (Gladen et al., 1988, 1991). They studied the effect of 

pre- and post-natal exposure to PCB and DDE on infant psychomotor and mental 

development from birth to 60 months. They analyzed both transplacental and breast-feeding 

exposure, considering these respectively like pre- and post-natal measurements of 

exposure. Results showed an association between prenatal exposure of PCBs via placental 

passage on both PDI and MDI: infants with higher transplacental exposure to PCBs and 

DDE showed lower psychomotor scores at 6 and 12 months of age respectively and higher 

mental scores at 6 months of age. In contrast, when the associations among EDC exposure 

via breastfeeding and PDI and MDI were analyzed, the authors did not find deleterious 

effects. This evidence agrees with the previous study (Jacobson et al., 1985) concerning 

exposure to PCBs where the sensitive period to chemical exposure for infant development 

was the prenatal period rather than post-natal exposure. A following study by Rogan and 

Gladen (1991) investigated the effect of perinatal exposure to PCBs and DDE on child 

development at 6, 12, 18 and 24 months confirming previous evidence: there were no 

significant effects of PCBs and DDE exposure to development through breast milk. The 

effects of these endocrine disruptors acquired through breast milk were small and not 

statistically significant. In contrast, transplacental exposure to PCBs and DDE affected infant 

development: indeed, there was a negative association between transplacental exposure to 

PCBs and PDI at all stage of assessment.  



17 

 

Exposure to PCB, DDT, and DDE  

Two studies have considered the effect of PCBs, DDE, and DDT on infants’ development 

considering different developmental areas (Riva et al., 2004; Pan et al., 2009). Riva et al., 

(2004) and focusing on the development of visual function These compounds were 

measured in colostrum and mature breast milk. Visual function was evaluated at 12 months 

of age using visual evoked potential (VEP) measuring the P100 wave latency. Results 

showed that the levels of DDT, DDE and all PCBs congeners significantly affected the 

latency of VEP at 15 min, except for PCB 105. The latency of VEP at 60 min was related to 

DDT and PCB 180. In summary, only a weak relationship was found between impaired 

visual function at 12 months of age and the levels of PCBs, DDT, and DDE in colostrum 

milk. Interestingly, the authors also measured LC-PUFAs levels in human milk, naturally 

present in human milk to control for possible confounding factors that may also counteract 

the toxic effect of chemicals. A positive association between visual function and LC-PUFAs 

was found at birth, highlighting their protective role on infant’s development. Pan et al., 2009 

examined the association between PCBs, DDE, and DDT and infant neurodevelopment at 

12 months of age, focusing on language and motor development. They also considered the 

role of timing of breastfeeding per se on infant’s developmental outcome. A significant effect 

of DDE exposure and gross motor scale scores was found with a sex difference within group. 

Exposure to DDE was associated with scoring below average on gross scale in boys and 

not in girls. This datum, in line with the findings of Riva et al. (2004) highlights the potential 

negative effect of accumulated exposure to PCBs, DDT, and DDE through lactation during 

the first year of life on specific areas of infant neurodevelopment expanding the knowledge 

on the potential gender effects of chemical exposure on infant motor development. 

Moreover, in contrast with these potential negative effects, they found an effect of the 

duration of breastfeeding on developmental areas as expressive language, fine motor, and 

Early Learning Composite scale.  Infants that were breastfed for more than 9 months had 

higher scores than infants who were breast fed less than 9 months. This observation 

confirms the important role of breastfeeding as a protective factor on infant’s development 

and highlights the need to consider this variable in future studies.  

Exposure to PCB and Dioxin  

Koopman-Esseboom et al., (1996) studied the effects of two chemicals, PCBs, and dioxin, 

on the mental and psychomotor development of infants at 3, 7 and 18 months of age, also 

comparing BM with formula milk. Breast-fed infants were divided into three categories based 
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on the levels of chemical exposure during breastfeeding (high, medium, and low exposure). 

Three relevant results were found. First, high, or medium levels of post-natal PCB and dioxin 

exposure had a greater negative influence on the psychomotor development index (PDI) at 

7 months of age compared with infants that were exposed to lower levels of these chemical 

both by breast or formula milk. In contrast, post-natal PCBs and dioxin exposure did not 

influence PDI at 3 and 18 months. Similar results were found for the Mental Development 

Index (MDI) score. At 3, 7 and 18 months no significant influence of PCBs or dioxin exposure 

was found. Therefore, only a partial influence of PCBs and dioxin on infant development 

was found, that was related only to PDI at 7 months of age. In contrast, there was a total 

absence of chemical exposure effect on MDI score at all ages. Second, there were 

significant differences between breastfed and formula-fed infants for all outcomes. Breastfed 

infants showed higher MDI score s at 7 and 18 months of age and PDI scores at 7 months 

of age than formula fed infants.  Despite this, comparing formula fed infants that were 

exposed to these compounds exclusively in utero (pre-natal exposure) to lowest exposed 

breastfed group, the latter showed higher scores in cognitive assessment than the formula 

fed infants. Finally, considering breastfeeding per se, the authors observed an important 

positive effect on mental and psychomotor development at 7 months of age with higher 

scores on psychomotor index than formula-fed infants. This positive influence confirmed 

previous evidence (Pan et al., 2009) on a protective role of breastfeeding.  

No association and influence of PCBs and dioxin on cognitive development was found by 

Patandin et al. (1999). They conducted a follow-up study in which they assessed the 

possible adverse effects of environmental exposure to PCB and dioxins on cognitive 

development in 42-month-old children. The authors measured both prenatal and post-natal 

exposure via transplacental passage and breastfeeding, respectively. Although levels of 

PCBs and dioxin in breast milk were higher than umbilical cord plasma exposure, these 

compounds did not influence cognitive performance. Another study confirmed these 

findings.  Boersma et al. (2001) followed a cohort of infants from birth to 6 years of age and 

studied the association between pre- and post-natal exposure to chemicals and cognitive 

development at 18, 42 months and 6 years of age. At 18 months of age cognitive 

development was unaffected by pre- or post-natal exposure to PCBs and dioxins whereas 

at 42 months of age pre-natal exposure showed a negative association with cognitive 

development, and no of post-natal exposure effect was found. Although these compounds 

are transferred from mother to the infant through breast-feeding, PCBs and dioxins had no 

negative long-term effects on infants’ development. Similarly, Vreugdenhil et al. 2002 
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investigated the long-term effects of PCB and dioxin exposure in infants at school-age, to 

evaluate if the pre- and post-natal exposure to EDCs persisted over time. They also 

considered how the home environmental characteristics may modify the chemical exposure 

related consequences. As previous studies, significant effects were found only related to 

prenatal exposure, with important consequences in all investigated area. Postnatal 

exposure to PCBs and dioxin via breastfeeding was not significantly associated with CCI, 

and changes in memory and motor skills. Interestingly, there was a significant impact of the 

home environment, but related only to prenatal exposure. Higher levels of HOME scores 

modified the negative impact of EDCs exposure on infants. These data confirmed the 

importance of the home environment as protective factor on infant’s development in the 

presence of prenatal chemicals’ exposure. Finally, Wilhelm et al. (2008) studied the effects 

of PCBs and dioxin on infants’ development at 12 and 24 months of age. They focused on 

mental and psychomotor developmental index, obtained using the Bayley III (Bayley, 1969), 

as outcome. No adverse effects were detected. This result could be due to a current drop in 

PCB and dioxin exposure that may explain the absence of its influence on mental and motor 

development in infants until the age of 24 months. 

Exposure to POPs, BPA, and Phthalates  

Forns et al. (2016) investigated the association between post-natal exposure to POPs and 

early behavioral problems at 12 and 24 months of age. The results showed a positive 

association between OCP (p,p′-DDT) and an increase in  behavioral problems at 12 months: 

no association was observed at 24 months of age. These data highlighted that in a mixture 

of toxicants like POPs, PBDE, PCB, and OC, p,p′-DDT was the most related to behavioral 

problem in the first years of life. Different results emerged in a different study (Kim et al., 

(2018) where any associations among multiple chemical exposure during pregnancy or 

lactation and neurodevelopment at 13-24 months of age, including mental development, 

psychomotor development, adaptive behavior as personal and social skills, social 

competence or social maturity, and behavior-related performance reported by parents were 

investigated. A mixture of chemicals was considered but only POPs, BPA and phthalates 

were measured in breast milk. The authors found significant s association between exposure 

to these chemicals and neurodevelopmental indices. MDI scores decreased with increasing 

breast milk MEHP levels of mothers. Moreover, in boys there was a negative association 

between breast milk DEHP levels and MDI score, that highlighted the potential adverse 

effects of DEHP exposure via BM on neurodevelopmental outcomes.   
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Exposure to OCP and PBDE  

Kao et al., (2019b) studied any association between the levels of OCPs and PBDE in breast 

milk and infant’s neurodevelopment between 8-12 months of age, also considering the level 

of fine particulate matters (PMs) in the same geographical area. The authors found some 

relevant associations between chemicals and infant’s development. First, of all PBDE and 

OCP congeners considered, only 4 PBDE (BDE-99, 196, 197, and 207) and one OCP (γ- 

HCH) had a negative effect on the neurodevelopment. Second, some OCPs as 4,4’-DDT, 

γ-HCH, endosulfan I, endrin, and heptachlor epoxide, and the PBDE-196 congener had an 

influence on infant’s neurodevelopment, considering the same geographical area. 

Specifically, 4,4’-DDT was related to lower infant’s cognitive, language and motor score. 

These data were partially confirmed by Kao et al. (2019b) who described a significant 

negative association between 4,4’-DDTexposure and cognitive and language area 

development. They observed a negative impact on neurodevelopment also which was 

delayed. Third, the authors found a negative correlation between some OCPs especially γ-

HCH, endrin, and heptachlor epoxide and language, social, emotion, and adaptive behavior 

respectively, consistent with the findings of Kao et al (2019a), who observed a decrease in 

socio-emotional, adaptive behavior, and motor skills depending on endrin and heptachlor 

epoxide exposure. BDE-196 was found positively correlated with an increase of scores in 

the socio-emotional area. Interestingly, this positive relationship was also found in previous 

study reported above (Chao et al., 2011), but there is a lack of knowledge concerning the 

mechanism behind this positive association. Therefore, this also opens a new question for 

further studies to improve the understanding of BDE 196 mechanism of action and its impact 

on the infant’s development.  

1.2.4. Conclusion  

Breast milk emerged as a key bio substrate for peri- and post-natal exposure to chemicals, 

that can affect infant’s development in different ways and at different of development. Similar 

to animal models, peri- and post-natal exposure to EDCs via lactation appears to have 

mainly adverse effects on infants’ neurodevelopment, thus possibly contributing to the 

emerging altered neurobehavioral outcomes.  

Studies that have investigated the association between EDCs levels in BM and infant’s 

development support both the relevance of breast milk as a key bio substrate for the 

exposure to EDCs and the importance of the perinatal period as a sensitive stage of 

development in which the exposure to different EDCs may negatively impact infant’s 
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neurodevelopment (Barker et al., 2012; Heindel et al., 2015). Although studies are 

heterogeneous for design and outcomes, they seem to evidence a negative overall impact 

of perinatal and postnatal exposure to EDCs on neurodevelopment. Further, they confirm a 

high susceptibility during the early stages of life. Peri- and post-natal exposure via breast 

milk, in particular to PCBs, PBDE, Dioxin, and heavy metals (i.e., lead and mercury) modify 

adversely infant’s development considering single chemicals in association to specific 

developmental areas and/or global development (Winneke et al., 1998,2005; Jacobson et 

al., 1990; Walkowiak et al., 2001, Lin et al., 2010; Chao et al., 2011; Hoffman et al., 2012; 

Adgent et al., 2014; Gascon et al., 2012).  

Studies that focused on  chemical mixture exposure and neurodevelopment confirmed an 

adverse impact of chemical exposure on infant’s development (Kao et al., 2019b, Riva et 

al., 2009, Pan et al., 2009, Koopman-Esseboom et al1996, Forns et al., 2016, Kim et al., 

2017, Kao et al., 2019a), although this was not true for all studies (Gladen et al., 1988; 

Rogan et al., 1991, Patandin e al., 1998, Boersma et al., 2001, Vreugdenhil et al. 2001, 

Wilhelm et al. 2008). In addition, sex differences emerged in studies that considered 

maternal dioxin exposure in association with POPs, BPA, and Phthalates (Kim et al., 2017). 

with a major impact for boys than girls (The Tai et al., 2013; Nishijo et al., 2014; Tai et al., 

2016; Tran et al., 2016, Pham et al., 2019; Pan et al., 2009; Kim et al, 2017). These results 

support animal and human studies suggesting that in the critical periods of development 

boys are more vulnerable to EDCs exposure than girls in cognitive, language, motor, and 

behavior responses. However, more work in human and animal model is needed to 

understand the role of sex as critical variable on this gap, such as there is a need to better 

understand the mechanism behind these differences. 

One must consider that all data presented above are highly heterogeneous, primarily 

because performed considering single or mixtures of endocrine disruptors. The discrepancy 

of results may be attributed also to methodological factors as timing of assessment, 

assessment tools, outcomes considered and/or to the many confounding factors and 

covariates that were not taken into consideration in many studies. More research is needed 

to better delineate the link between EDCs exposure and all specific domains of development 

to clarify the actual role and influence of EDCs on infant’s cognitive, language, motor, 

socioemotional, and behavioral development. Moreover, the first year of life is a critical 

period for the infant’s development, in which he/she is exposed to greater functional, 

biological, and structural changes. Therefore, the timing of assessment is a critical variable 
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that should be considered as it influences results. Longitudinal and homogeneous research 

in terms of type and timing of infant’s developmental assessment is needed, to accurately 

compare the influence of EDCs exposure via BM at different stages of development allowing 

to observe which are the most sensitive and critical windows for the infant’s development. 

Overall, breast milk is the most important nutritional source for newborns and infants. Its 

beneficial influences on development are well known. Studies that considered the duration 

of breastfeeding in their analyses confirmed a positive association and a protective role of 

breastfeeding per se for the infants’ development (Zielinska et al., 2019) confirming the 

importance of breastfeeding for development, but also advise to consider the impact of 

breastfeeding per se as a variable in studies that in some cases can repaired the adverse 

effects of EDCs, although it is currently poorly studied. Similarly, home environment and/or 

other contexts in which mothers and infant may be exposed can exert an impact on the 

infant’s development. The home environment emerges as a potential protective factor in 

infant’s development regarding EDC exposure as studies that assessed home environment 

found positive associations with neurodevelopmental outcomes. Therefore, studies that did 

not consider this variable and did not find significant effects on developmental outcome 

should be reviewed in the light of these factors. A longitudinal monitoring of EDCs exposure 

from pregnancy to postnatal period through multiple methods (e.g., biomarkers, self-

reported survey, physiological assessment) in different mother and infants’ exposure 

contexts would allow to monitor the exposure variability and its consequences on the 

development. Also, it would allow to promote future public policy and actions to reduce the 

EDCs exposure in different context like home and work environment, school and/or others 

habitudinal living context.  

Few studies have compared exposure to PCB and dioxin in both breast milk and formula 

milk (Koopman-Esseboom et al.1996, Patadin et al.1998, Boersma et al.,2001; Vreugdenhil 

et al.2001), and environmental chemical contamination in infant formula has not gained 

attention by researchers (LaKind et al., 2018). Nonetheless, both infant-formula 

reconstituted with drinking water and ready to use, contain environmental chemicals to 

which infants are exposed (LaKind et al. 2018; Baier- Anderson et al., 2006; Lehmann et al., 

2018). Infants fed with formula milk are thought to be exposed to EDCs only during prenatal 

period. Further studies are needed to increase the knowledge about the association 

between source of exposure and outcomes, such as the assessment of pre and postnatal 

contribution on infant’s development.  
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The absence of adverse effects of EDCs via breast milk reported in some studies may be 

explained by the following considerations. First, over the past decades the levels of PCBs, 

PBDE, dioxin, heavy metals, PCDD and other chemical contaminants that have been 

banned or regulated following specific global program has declined and might have had a 

relevant positive consequence in terms of contamination reducing their impact within 

populations, and in mother-infant dyads. Second, studies assessing breast milk exposure 

levels have considered only one sample generally taken at the first month of life. The 

literature suggests that over the course of lactation the composition of milk continually 

changes adapting to the infant’s changing nutritional needs as well as the environmental 

pathogens to which the mother can be exposure. Therefore, the EDCs levels should decline 

(Lakind et al., 2002, 2004, 2011). Thus, changes in chemical concentrations and their full 

understanding over the course of lactation are relevant variables that should be considered 

in future studies when they examine the association between chemical and developmental 

outcome. The current lowering exposure to EDCs thanks to environmental policies, and the 

lack of multiple breast milk samples and multiple assessments of infants over time may have 

influenced the results studies. Future studies should (i) monitor the EDCs exposure during 

pre- and post- natal period; (ii) collect multiple breast milk samples investigating maternal 

and infant exposure relative to the period just before the date of collection of samples; (iii) 

use homogeneous and multiple assessment tools to have more control and lower 

confounding factors.  

In conclusion, the present literature confirms the importance of breast milk being the best 

nutritional source for the infant and for its protective effect on the adverse health effects of 

EDCs (Chemek et al. (2019; Zielinska et al. 2019). However, one must also consider that 

endocrine disruptors are present in breast milk as contaminants, and the contaminants may 

have adverse effects on health, particularly on development during the first years and later 

in life. Therefore, there is a need to improve the knowledge in this field of research with 

prospective and longitudinal cohort studies (i) to better understand the knowledge relative 

to EDCs in human milk and the effects on the developmental status of infants; (ii) to  develop 

risk models of exposure that include different individual and context factors and their role 

within the link between EDCs and infant’s development, and consequently (iii) to promote 

monitoring plans of EDCs exposure and public policies to further protect and guarantee 

breastfeeding and infant’s neurodevelopment.    
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1.3. Mother-Infant dyads: Lowering the impact of endocrine disrupting Chemicals in milk for 

a Healthy life – The Life-MILCH Project  

EDCs are defined as “an exogenous agent that interferes with the production, release, 

transport, metabolism, binding, action or elimination of natural hormones in the body 

responsible for the maintenance of homeostasis and the regulation of developmental 

processes” (Kavlock et al., 1996). These substances “cause adverse health effects in an 

intact organism, or its progeny, consequent to changes in endocrine function” (European 

Community, 1997). EDCs are present in everyday life in soil, water, air, food, household 

products and packing materials, such as substances used in the past and currently in 

industry and agriculture (Massart et al., 2005) that tend to accumulate in different tissues 

and to transfer between these. Therefore, they can be considered a class of stressor that, 

also at low dose, may represent a potential risk factor for growth and developmental 

processes altering the homeostasis or the action of endogenous hormones of the endocrine 

system and increase the risk of disease some of which may not be apparent until much later 

in life (Braun, 2016, Botton et al., 2017; Rivollier, 2019; Roncati et al., 2016; Shung et al., 

2011).  

Exposure to EDCs is unavoidable from conception throughout lifespan. Maternal exposure 

to EDCs can occur through different source such as diet, occupational exposures, or 

personal habits. Consequently, chemicals can be stored in maternal body and transferred 

to the infants during pregnancy such as after birth through different via like utero and BM 

(Harris et al., 2001). Breastmilk is the best complete source of nutrition for the infants that 

benefits the healthy infant’s development in terms of nutritional, immunologic, 

developmental, psychological, social, economic, and environmental advantages (AAP, 

1997).  Nonetheless, BM, such as formula milk, can be contaminated by environmental 

chemicals and transferred to the infants via breastfeeding and/or milk containers 

representing a risk factor for the infant development primarily in the first years of life (Harris 

et al., 2001). Even EDCs exposure occur daily and during all stages of life, there are some 

sensitive and critical developmental periods that require major attention (Barker et al., 2012, 

Heindel et al., 2015). Pregnancy and early postnatal development are critical and sensitive 

period for the long-term modulation of immune, reproductive, brain and metabolic function 

such as neurobehavioral development (Barker et al., 2012, Heindel et al., 2015). The rapid 

developmental changes that occur during the perinatal and neonatal periods together with 

the immature and underdeveloped systems in these phases, make neonates more sensitive 
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to adverse effects related to EDCs exposure via breast milk, showing a more apparent 

negative impact of EDCs (Miller et al., 2002, Ladrigan et al., 2011, Street et al., 2018). At 

these stages of development, the infant may be exposed to unusually low or high 

concentrations of compounds that cannot be adequately metabolize or excrete by specific 

mechanism (Crisp et al., 1998; Street et al., 2018). Therefore, exposure to EDCs in pre- and 

post-natal period is linked to a variety of negative health and reproductive outcomes (Miller 

et al., 2002, Landrigan et al., 2011, Street et al., 2018, Legler et al., 2011, Mallozzi et al. 

2016).  

To date, in this field of research there is a lack of homogenous, prospective, and longitudinal 

studies that suggest the need to improve the knowledge in this field of research to better 

understand the knowledge relative to EDCs in human milk and the effects on the 

developmental status of infant.  

In this view, the European Commission Life Program recently funded the Life-MILCH Project 

Mother and Infant dyads: Lowering the impact of endocrine disrupting Chemicals in milk for 

a Healthy Life, an Italian pilot study that will determine the correlation between levels of 

maternal milk contamination/exposure to EDCs and infant neurobehavioral development 

and health. The Life-MILCH project is a quinquennial and multicenter study that involve three 

different hospital centers in two Italian region: Emilia-Romagna (Parma and Reggio Emilia 

hospital) and Sardinia (Cagliari hospital). Moreover, the Pept-Lab of University of Florence 

is responsible for the chemical analysis.  

The Life-MILCH project is a pilot study in Europe to correlate the EDCs exposure in mother-

infant dyads and infants’ health consequences in three selected city hospital in two different 

Italian regions. Emilia Romagna is an highly anthropized area where intensive agriculture 

and farming take place. Sardinia is a relatively rural island in the Mediterranean Sea with 

comparatively low urbanization. These different geographic areas allow to evaluate the 

possible differences in exposure between urban and rural areas of Italy to perform a risk 

assessment model for each surveyed exposure.  

The main aim of the project is to evaluate the impact of EDCs on the human health to 

develop specific actions to reduce EDCs exposition examining the mother-infants’ dyads, 

that is particularly vulnerable to contamination, and the breastmilk like via of exposure that 

is important to promote optimal development and future infant health. Specifically, the aims 

are (i) to assess EDCs levels in breastmilk and EDCs exposure in the infant during the first 

year of life; (ii) to correlate the EDCs levels in breastmilk with the infant growth, physiological 
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and reproductive development such as neurobehavioral development in the first year of life; 

(iii) to elaborate a statistical risk model between exposure sources and the different 

geographic areas to develop public prevention health policies; (vi) to evaluate the efficacy 

of prevention and knowledge campaign between informed women.  

The project activities aim to increase knowledge about the correlation between exposure to 

EDCs and health consequences to reduce the impacts of these chemicals on infants’ health. 

Specifically, the main project actions are: (1) first screening to evaluate the EDCs levels in 

different biological samples and the infants health status to elaborate to risk assessment 

model; (2) elaboration of a statistical and computational risk model and specific 

recommendations for stakeholders with particular attention for young women; (3) to start 

information and prevention campaigns for young women of child-bearing age, pregnant and 

lactating women; (4) second screening to evaluate the effectiveness of the short-term 

prevention and awareness campaign on pregnant women comparing the first and second 

screening results.  

1.2.3. First Screening  

The first screening (Figure 1) aims to assess the EDCs levels in different biological samples 

like maternal urine, cord blood, breast milk/artificial milk, infant’s urine, and the infant’s 

health status through auxological assessment recording growth and puberal stage 

parameters and neurobehavioral development.  

 

Figure 1. The timeline of the first screening of the Life-MILCH project. 

The first screening provides the recruitment of 500 women in the third trimester of pregnancy 

(100 women from the Parma Hospital center, 100 from the Reggio Emilia Hospital center 

and 200 from Cagliari Hospital center) and the collection of clinical-anamnestic evaluation, 

lifestyle and nutritional habits by specific questionnaires based on the previous Life-

PERSUADED Project (La Rocca et al., 2018). The questionnaires’ purpose is to describe 
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behaviors, lifestyle, habits and nutritional habits that can expose mother and infants to EDCs 

during the pregnancy and post-natal life at 1,3,6 and 12 months after delivery. Also, EDCs 

exposure is evaluated in biological samples like serum, maternal and infant urine, and 

breastmilk.  

The EDCs selected are: Di(2-ethylhexyl) phthalate (DEHP) and its oxidized metabolites 

(MEHP, 6-OH-MEHP, 5-carboxy-MEPP, 5-oxo-MEHP, 5-OH-MEHP); Bisphenol A and 

polycyclic aromatic hydrocarbons (PAHs); Polychlorodibenzofurans (PCDFs) and 

polychlorodibeno-p-dioxins (PCDDs); Glyphosate and its major metabolite 

aminomethylphosphonic acid (AMPA); Parabens (methyl-, ethyl-, butyl-, esters of 4-

Hydroxybenzoic acid); Pyrethroid insecticide; and Heavy metals (i.e., Pb).  

At different developmental stages, from birth to one years of age, a series of growth 

parameters that can be affected by EDCs exposure are assessed: body weight increase, 

longitudinal growth, head circumferences, growth velocity, and size of the bregmatic 

fontanelle. Also, puberal stages according to Tanner’s criteria evaluate the duration of 

minupuberty and/or persistence of thelarche, the appearance of premature thelarche in 

females, and premature pubarche in both sexes. Also, the anogenital distance in both sexes 

and the volume of testes in males are measured.  

At 1,3,6, and 12 months of age the neurobehavioral development is assessed through 

different paradigms focusing on specific developmental areas that are more sensitive to 

EDCs exposure. As described previously, the studies in this field of research highlight the 

susceptibility of perceptive, socioemotional, cognitive, and behavioral areas to EDCs 

exposure during the first years of life. Selected and well documented paradigm to observe 

these areas of development are administered to assess the infant development. Also, 

neurobehavioral development is assessed at 6 and 12 months of age using a standardized 

neurodevelopmental scale to obtain a developmental quotient of cognitive, language, motor, 

socioemotional and behavioral abilities.  

1.2.4. Risk model assessment and prevention campaign  

Basis on the first screening data, a statistical and computational risk model will be elaborated 

(Figure 2) to start the next prevention campaigns for young women of child-bearing age, 

pregnant and lactating women to promote the adoption of best practices for the EDCs 

exposure reduction.  
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Figure 2. The risk assessment model 

The risk assessment model include lifestyle, maternal nutritional habits, maternal clinical 

conditions and maternal EDCS burdens. These maternal variables are expected to influence 

the breastmilk composition and to impact the infant’s growth and neurobehavioral 

development through the mediating effects of EDCs. The main endpoints of these model 

are: (1) to understand how maternal lifestyle and nutritional habits during the pre- and post-

natal period may affect the levels of EDCs in breastmilk; (2) how the levels of EDCs in 

breastmilk potentially impact of infant’s growth and neurobehavioral development. Finally, 

basis on the frequency of use of formula milk as nutritional source for infants during the first 

years of life, an additional endpoint of the Life-MILCH study is the analysis of EDCs presence 

in formula milk and its potential effect on infants. The resulting risk-assessment model will 

allow to implement the awareness and prevention campaign by identification and 

dissemination of specific measures to reduce the EDCs exposure, for young women of 

childbearing age, pregnant and breastfeeding women. Moreover, the medical staff like 

obstetricians, gynecologists, neonatologists, and pediatricians will be included in the 

prevention campaign to increase awareness within professionals and to increase the 

possibilities to improve the population’s health through concrete behavioral changes that 

can reduce the EDCs exposure. Specifically, the behavioral changes include: (i) changes in 

the nutritional habits of women and children in terms of choice of healthier diet, of pesticide-

free food, awareness of type of food packaging and additives; (ii) variation in the modality of 

cooking, administration, storage of food, breastmilk and/or formula milk limiting the use of 



29 

 

disposable plastic, avoidance the use of plastic containers to heat food or to store food or 

drinks; (iii) awareness to the use of personal care products for women, mothers and infants 

such as make-up products without EDCs, parabens, phthalates; (iv) limitation in the use of 

synthetic fibers choosing natural fibers like cotton or wool. All of these main points will be 

reported in specific guidelines for population and stakeholders in order to promote the 

reduction of EDCs impact.  

1.2.5. Second Screening  

After the prevention campaigns, a second screening will be conducted to evaluate the 

effectiveness of the short-term prevention and awareness campaign on pregnant women. It 

will involve women in the third trimester of gestation who took part in the prevention 

campaign. Inclusion and exclusion criteria will be like the first screening such as the 

biological and behavioral evaluation of EDCs exposure in mother and infants. the results of 

the second screening will be compared with the results of the first screening. The main aim 

is to assess how the campaign of information reduces the exposure of EDCs improving the 

maternal lifestyle and nutritional habit as well as in the infants and its implication in terms of 

better health and neurobehavioral development. For this second screening will be used the 

same analysis and procedure as the first screening to compare the results. In particular, 

serum, urine, and breastmilk or formula milk will be collected to analyze: Di(2-ethylhexyl) 

phthalate (DEHP) and its oxidized metabolites (MEHP, 6-OH-MEHP, 5-carboxy-MEPP, 5-

oxo-MEHP, 5-OH-MEHP); Bisphenol A and polycyclic aromatic hydrocarbons (PAHs); 

Polychlorodibenzofurans (PCDFs) and polychlorodibeno-p-dioxins (PCDDs); Glyphosate 

and its major metabolite aminomethylphosphonic acid (AMPA); Parabens (methyl-, ethyl-, 

butyl-, esters of 4-Hydroxybenzoic acid); Pyrethroid insecticide; and Heavy metals (i.e., Pb). 

Maternal lifestyle and nutritional habits such as infant lifestyle and nutritional habits will be 

assessed through the questionnaires used in the previous screening. Infants’ growth 

parameters and puberal stages will be registered and neurobehavioral development will be 

assessed through the same paradigm and neurodevelopmental scale as the first screening.  

Finally, the long-term impact of the prevention campaign will be monitored after the second 

screening though (i) the creation of a network of women participating to the prevention 

campaign and (ii) the evaluation of the increase of knowledge among the women and the 

stakeholders by administration of a third final screening on mother-infant dyads that have 

been involved in the prevention campaign but not in the second screening.  

1.2.6. Aims of this thesis 
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The general aim of the work presented in this thesis was to assess the association between 

exposure to EDCs and infant neurobehavioral outcomes in the first years of life. This thesis 

presents preliminary data from the mother-infant dyads enrolled at the Parma Hospital. To 

date, the chemical analysis is not completed yet and the data collection is ongoing. 

Therefore, we mainly focused on Bisphenol and Parabens exposure effect on infant growth 

and neurodevelopmental outcomes. In particular:  

- Infants’ growth from birth to 12 months of age and sex differences with-in the groups 

- Perceptive development in terms of visual preference at 1 months of age in male and 

female infants 

- Socio-emotional development in terms of socioemotional stress response at 3 months of 

age in male and female infants  

- Neurodevelopment (cognitive, language, motor, socioemotional and adaptive behavior) 

at 6 and 12 months of age in male and female infants 
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2. MATERIALS AND METHODS 

2.1. Subjects 

The sample is part of the Life-MILCH project’s sample. It involves 249 healthy women with 

physiological pregnancies of any ethnic origin in the third trimester of gestation with term-

pregnancy and obstetric risk grid 0 recruited from March 2021 and November 2021 at the 

Obstetrical center of Parma Hospital at the time of the prenatal programmed screening. 

Exclusion criteria included: (i) diagnosis of fetal anomalies or gestational pathologies, (ii) 

affected by chronic or genetic diseases, (iii) presence of hypertension, (iv) eclampsia, (v) 

gestational diabetes, and (vi) planning to move out of the region in the next 12 months.  

Because of the Covid-19 pandemic, the Life-MILCH project started one year later, so the 

data collection has just ended, and the results are still ongoing.  

For this thesis we selected a sample of 88 mother-infant dyads that took part to follow up 

visit at 1 and 3 months of life and to neurodevelopmental assessment at 6 and 12 months 

of life, of which the data have been analyzed. Finally, based on chemical analysis in maternal 

urine and breastmilk carried out so far, we selected a sub-sample to develop the preliminary 

descriptive risk assessment model of pre- and post-natal EDCs exposure and infant health 

consequences.  

2.2. General procedure 

An overview of the research study plan and the timing of biological sampling and 

neurobehavioral assessment is reported in Figure 3. All procedures were carried out in the 

Parma Hospital and at the University of Parma for the biological procedures.   

 

Figure 3 Overview of the Life-MILCH procedures. 
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At recruitment, at the Obstetrical Center of Parma Hospital, maternal lifestyle and nutritional 

habits during pregnancy were assessed through two questionnaires, and maternal urine 

sample were collected. At birth, cord blood sample was collected. Also, neonatal growth 

parameters and puberal development and infant urine were assessed and collected during 

the first visit at the Neonatology Center of Parma Hospital. Mother-infant dyads were 

recalled at 1,3,6 and 12 months of age to assess EDCs exposure through biological sample 

(breast milk or formula milk, maternal and infant urine samples) and two questionnaires 

about lifestyle and nutritional habits respectively referred to mother and infants. Infant’s 

growth parameters were assessed at each timepoint by neonatologist and a sample of infant 

urine was collected. Neurobehavioral development was assessed focusing on perceptive, 

socioemotional, cognitive, behavioral developmental areas that we observed through Visual 

Preference Paradigm (Turati et al., 2004), Face-to-Face-Still-Face (FFSF; Tronick et al., 

1978), Fagan Test (Fagan, 1985,2005), and Barrier-Task (Goldsmith & Rothbart, 1993) at 

1,3,6, and 12 months of age. The follow-up visits at were carried out at the Neonatology 

center. Finally, neurodevelopment assessment was administered at 6 and 12 months of age 

through the Bayley III Scale (Bayley, 2009) at the Infant Neuropsychiatry Center. All 

biological samples were collected and anonymized at the Hospital centers and transported 

in dry ice to the Laboratory of Behavioral Biology at the University of Parma. Immediately, 

the samples were shared in aliquots and stored at -80°C until the expedition for analysis in 

the Laboratory of Peptide & Protein Chemistry & Biology (Pept-Lab) of the University of 

Florence. 

The research has been conducted in accordance with the Code of Ethics of the World 

Medical Association (Declaration of Helsinki, seventh revision, 2013) and ICH Harmonized 

Tripartite Guideline for Good Clinical Practice. The study has been approved by the Ethics 

Committee of Area Vasta Emilia Nord and participating hospitals.  

2.3. General biological procedures 

All biological samples were collected and anonymized at the Hospital center and transported 

in dry ice to the Laboratory of Behavioral Biology at the University of Parma. Immediately, 

the samples were shared in aliquots and stored at -80°C until the expedition for analysis in 

the Pept-Lab of the University of Florence. The material to collect the biological samples 

were provided by the staff and previously analyzed by Pept-Lab to detect possible 

contaminations during the EDCs analysis. For each sample collected the data and hour of 

collection, treatment and storage were marked. Specific protocol to share the samples in 



33 

 

aliquots and to store them was written and approved from the Pept-Lab, responsible for the 

chemical analysis.  

2.3.1. Maternal urine sample 

The maternal urine samples were collected by the mother at the hospital during the 

recruitment, or at home before the follow up appointment. Specific guidelines to collect and 

to store the urine sample was delivered to the women at each appointment. 30 mL of 

maternal urine was collected for each timepoints and stored at 4°C until the sharing in six 

different 5mL-aliquots. All aliquots were stored at -80°C until the expedition for analysis in 

the Pept-Lab of the University of Florence.   

2.3.2. Cord blood sample 

At birth a sample of cord blood was collected into glass tubes with no chemical additive by 

the obstetrician at the hospital and stored at +4°C until the transfer to the Laboratory of 

Behavioral Biology at the University of Parma. Immediately, the samples were centrifugated 

to obtain the serum samples. The serum was shared in two 2mL-aliquots and stored at -

80°C until the expedition for analysis in the Pept-Lab of the University of Florence. 

2.3.3. Breastmilk and formula milk sample 

At 1, 3 and 6 months of infant life, a sample of 15mL breastmilk or formula milk was collected. 

The methods of sample collection and conservation was explained to mother in specific 

guidelines delivered during each previous visit. Also, a copy of them was sent by email in 

the follow up appointment reminder. The sample was collected at home or during the follow-

up visit at the hospital. It was stored at +4°C until the transfer to the Laboratory of Behavioral 

Biology at the University of Parma. Immediately, it was shared in three 5mL-aliquots and 

stored at -80°C until the expedition for analysis in the Pept-Lab of the University of Florence. 

2.3.4. Infant urine sample 

At birth, 1, 3, 6, and 12 months of infant life, we collected a sample up to 2mL infant urine.  

The sample was collected at home or during the follow-up visit at the hospital. It was stored 

at +4°C until the transfer to the Laboratory of Behavioral Biology at the University of Parma. 

Immediately, it was shared in two 2mL-aliquots and stored at -80°C until the expedition for 

analysis in the Pept-Lab of the University of Florence. 
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2.4. The recruitment 

The recruitment was carried out in the Obstetrical center of Parma from March 2021 to 

November 2021. Women in the third trimester of gestation were recruited to the study at the 

time of the prenatal programmed screening from the 36 to 41 weeks of gestation. During the 

screening, women eligible to participate in the study were approached by a component of 

the study staff who explained the project and its aim. If the women were interested to 

participate to the study, she filled out the informed consent and the privacy document. A 

copy of the informed consent, the information sheet of the study and a letter for the general 

medicine doctor was delivered to the women. The alphanumerical anonymous code was 

assigned to the women to protect her data and privacy during the study. The same 

alphanumerical anonymous code was assigned to the infant at birth. The women filled out 

card registry and residence card on which the staff affixed the code. The card registry 

requires to insert name, surname, date of birth, place of birth, nationality, year of entry into 

Italy, home address, telephone, and e-mail address. Telephone and e-mail address were 

required to re-call the mother for the follow-up scheduling. The residence card requires to 

insert detailed information about the home address as street/square, zip code, and province 

for the geolocalization to compare the EDCs exposure between subjects and within subjects.  

Two questionnaires (Questionnaire #1 and #2) were administered using tablet through e-

survey Google Form with multiple choice questions. Both questionnaires were formulated 

basis on previous Project, “Phthalates and bisphenol A biomonitoring in Italian mother-child 

pairs: link between exposure and juvenile diseases" - LIFE PERSUADED, coordinated by 

the Italian National Institute of Health. They were elaborated basis on previous and recent 

European Commission report 

(https://www.europarl.europa.eu/RegData/etudes/STUD/2019/608866/IPOL_STU(2019)60

8866_EN.pdf) and scientific literature about the EDCs source of exposure to obtain a 

detailed description of the clinical history of the women enrolled and their lifestyles, focusing 

on all attitudes and habits that could potentially expose the mothers in their everyday 

environment (Martina et al., 2012, Wong et al., 2017, Mitro et al., 2016, Geens et al., 2012, 

Serrano et al., 2014, Morgan et al., 2012, Tang et al., 2017, Phillips et al., 1999, Borowska 

et al., 2015). The main purpose of the questionnaires will be to describe, compare behaviors 

and attitudes of the women and infant that will be correlated to EDCs levels in breastmilk.  

Questionnaire #1 refers to maternal lifestyle in terms of: (i) personal and demographic 

information; (ii) general health and pregnancy status; (iii) current and past lifestyle. The last 

section includes questions about the personal care, home and workplace, physical activities, 

https://www.europarl.europa.eu/RegData/etudes/STUD/2019/608866/IPOL_STU(2019)608866_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2019/608866/IPOL_STU(2019)608866_EN.pdf
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and habits in kitchen activities. At recruitment, these questions refer to the last 6 month as 

an indicator of EDCs exposure during pregnancy except of questions about the use of 

personal care products (i.e., body cream, hair care products, make up) and home and 

workplace products (i.e., detergents, electronic products) that refers also to the last 48 

hours. For these questions the women indicated the use of these products and their 

frequency in the last 6 months and 48 hours.  

Questionnaire #2 refers to maternal nutritional habits in terms of use, frequency, portion, 

biological origins, and type of packaging for each foodstuff investigated. It includes 17 

sections about the use and frequency of: milk, vegetable drinks, cheese and dairy products, 

eggs, cereals, vegetables, vegetables fats, animals’ fats, soy, meat, fish, fruits, sauces and 

condiments, coffee, sweet and salad snack, drinks, and frozen food. The portion is based 

on LARN Guidelines (Larn, 2018). At the recruitment questions refer to nutritional habits in 

the last 6 months as indicator of nutritional habits before and during pregnancy and in the 

last 48 hours.  

After the questionnaires, the staff delivered a urine sample container to collect a maternal 

urine sample for the chemicals analysis of EDCs. 

At the end of the visit, the questionnaire “Appendix – Questionnaire #1” and a gadget was 

delivered to women. The Appendix Questionnaire requires to insert the brands of personal 

and home care products used in everyday life and the type of packaging. The women filled 

out the questionnaire at home and she delivered it at the first follow up visit at 1 months after 

infants’ birth.  

2.5. At birth   

At birth, the midwives in the obstetrical centers collected the cord blood sample for the 

chemical analysis of the EDCs levels assessment. Maternal clinical data about the 

pregnancy and childbirth were collected. CEDAP sheet was collected reporting 

sociodemographic characteristic of parents, childbirth information and maternal clinical 

history. 

All samples and data collected were registered using the same alphanumerical anonymous 

code assigned to the mother at the recruitment. The infant growth and puberal stages were 

assessed during the first neonatologist visit after 24 hours of birth. 

For the infant, general information like name, surname, gender, date and hour of birth, and 

data of visit were registered. Length, body weight, head circumference, abdomen 

circumference, APGAR score at 1,5, and 10 minutes after birth, gestational age, and mode 

of delivery (spontaneous or induced delivery, elective caesarean section or emergency 
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caesarean section) were recorded. For females, the neonatologist registered the presence 

of genital crisis and the characteristic of external genitals. For males, the size of penis (cm), 

the localization of right and left testes, the volume of testes (ml) using Prade’s orchidometer, 

the presence of other malformations (i.e., hydrocele minimum, medium or severe; 

hypospadias; scrotal hyperpigmentation; other) were collected. For both sexes, the puberal 

stages were evaluated according to Tanner’s criteria (Figure 4) and anogenital distance 

anterior and posterior (cm) were measured (Figure 5) 

 

Figure 4 Tanner scale illustration for females (left) and male (right). 

 

 

Figure 5. Anogenital distance (AGD) anterior (1) and posterior (2) in Males (left) and Females (right) 

A sample of infant’s urine was taken through spontaneous stimulation during the 

neonatologist visit or using a cotton swab in the infant’s diaper during the recovery. If infant’s 

urine was collected the neonatologist registered the date and hour of collection.   

Parental data like the chronological age, body weight height, and BMI of both parents were 

calculated. Moreover, the maternal body weight at the initial and final stages of pregnancy 

was registered.   
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At delivery, the neonatologist delivered two containers to mothers to collect a sample of 

maternal urine and breastmilk. If artificial milk is used as main food source for the infant, a 

sample of this was collected. The guidelines for the collection and conservation of biological 

samples were delivered to the mothers. Guidelines for the collection include information 

about time and hour of urine sample collection such as time, hour, and methods of breastmilk 

collection (i.e., use of breast pump and its brand). For the artificial milk mothers registered 

the kind of water, formula milk, bottle and heating device used.  

2.6. At 1 month of life  

At 1 month mother-infant dyad was recalled. The visit occurs at ± 3 days of the first month 

of life at the Breastfeeding Department at the Parma Hospital in presence of neonatologist 

and psychologist. During the first follow-up, the mother filled out the informed consent and 

the privacy document referred to her infant. A copy of the informed consent, the information 

sheet of the study focused on the infant assessment and a letter for the pediatrician was 

delivered to the mother.  

Two brief version of Questionnaire #1 and #2 about her lifestyle and nutritional habits during 

the last four weeks after delivery, except for questions about the use of personal/home care 

products and food stuff consumed during the last 48 hours, were administered to mothers. 

Also, the Questionnaire #3 was administered to mothers. The Questionnaire #3 refers to 

infant’s lifestyle and nutritional habits in the first months of life and was formulated on the 

basis of previous Project, “Phthalates and bisphenol A biomonitoring in Italian mother-child 

pairs: link between exposure and juvenile diseases” – LIFE PERSUADED, coordinated by 

the Italian National Institute of Health. It includes four sections: (i) personal and general data 

of infant; (ii) infant health; (iii) infant nutrition source via breastmilk, formula milk or both 

sources; (iv) lifestyle and habit of care products used. The questions refer to the first month 

of life except for questions about the use of infant’s personal care products that refer to the 

last 48 hours. 

Mothers delivered to the staff a sample of maternal urine and breastmilk, or artificial milk, 

and the information registered about the methods of their collection and conservation. If 

mother didn’t collect them at home, she could provide to collect it during the visit.   

The neonatologist assessed the infant growth parameters like length, body weight, head 

circumference, and size of the anterior bregmatic fontanelle (cm). For both sexes, puberal 

stages were recorded according to Tanner’s criteria and anogenital distance anterior and 

posterior (cm) were registered. For females, the neonatologist registered the presence of 

genital crisis and the characteristic of external genitals. For males, the size of penis (cm), 
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the localization of right and left testes, the volume of testes (ml) using Prade’s orchidometer, 

the presence of other malformations (i.e., hydrocele minimum, medium or severe; 

hypospadias; scrotal hyperpigmentation; other) were collected. A sample of infant’s urine 

was taken through spontaneous stimulation during the neonatologist visit or using a cotton 

swab in the infant’s diaper during the recovery. If infant’s urine was collected, the 

neonatologist registered the date and hour of urine sampling.  

At 1 month the psychological assessment includes the administration of Visual Preference 

Paradigm (Turati et al., 2004) to observe the perceptive development in the infant. The 

Visual Preference Paradigm examine the natural preference of infant for certain stimuli 

resulting from the infant tendency to look at some stimuli longer than at other. The 

experiment was run using the Habit-2 software (Oakes et al., 2019). The test consisted of 

presenting to the infant two face stimuli and to register his/her time of attention to them and 

his gaze direction during the presentation. The stimuli were two different photographs of a 

canonical upright face and an upside-down version of the same face, that were real faces, 

in which the inner portion of the face was rotated 180°. 

Two pairs of stimuli were presented, each composed of an upright and an upside-down face. 

Black and white photographs of real women’s faces were used that were employed by 

Macchi Cassia and collegues (Turati et al., 2004) and shared with us. As described in their 

study (Turati et al., 2005), photographs were modified using Adobe Photoshop removing the 

hair from each original photograph. Each face was frontal with a neutral expression. Stimuli 

measured 10 cm in width and 15 cm in height. They appear together on a black background 

at 10 cm of distance from each other.  

The infant was held in the arm of the neonatologist, and they were placed at approximately 

50 cm of distance from the computer screen where the stimuli were presented. The 

experiment was administered in a semi-darkened room to increase the contrast between the 

environment and the stimuli presented in order to facilitate the infant view. A double camera 

was located above the monitor screen: the webcam was connected to the computer device 

to administer the experiment by the psychologist; the video camera was used to register the 

infant gaze for the offline coding.  

The experimental session began with the presentation of a central fixation point to attract 

the infant’s gaze toward the computer screen where stimuli were shown and to check that 

the infant’s gaze was aligned with the horizontal midline of the screen during the entire 

experimental session. As soon as the infant looked at the central fixation red point, the first 

trial appeared, and the central fixation point was removed. The entire procedure was infant 
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controlled: the experimenter registered the direction and the time of fixation of the stimuli, 

and they remained on the screen until the infant looks them. When the infant didn’t look the 

stimuli for 10 sec consecutively, the trial finished. After that, a new central fixation red point 

appeared in the center of the screen to re-attract the infant’s gaze and the second trial 

started. The experimenter registered the direction of the infant’s gaze until the infant paid 

attention to the stimuli. If the infants didn’t watch the stimuli for 10 sec consecutively, the 

experimenter stopped (Figure 6). 

 

Figure 6. The Visual Preference Paradigm (VPP) experimental session. 

At the end of the visit, the staff delivered to the mothers one questionnaire about the brand 

of infant’s personal care products used and two containers to collect maternal urine and 

breast or formula milk samples for the second follow up at 3 months of life. The questionnaire 

and the samples were respectively filled out and collected at home and delivered at the next 

appointment. Finally, a certificate of participation was provided to the mother for her infant.   

2.7. At 3 months of life 

At 3 months mother-infant dyad was recalled. The visit occurs at ± 7 days of the third month 

of life at the Breastfeeding Department at the Parma Hospital in presence of neonatologist 

and psychologist.  

During the follow-up, the mother filled out two brief version of Questionnaire #1 and #2 about 

her lifestyle and nutritional habits during the last two months and about the use of 

personal/home care products and food stuff consumed during the last 48 hours. Also, the 

brief version of Questionnaire #3 was administered at the mothers to collect data about 

infant’s lifestyle and nutritional habits in the last two months of life and about the use of 

infant’s personal care products that refer to the last 48 hours.  
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Mothers delivered to the staff a sample of maternal urine and breastmilk, or artificial milk 

and the neonatologist assessed the infant growth parameters, recorded the puberal stages 

and collected one infant’s urine sample, as described in the Section 2.6 (page 37-38).   

At 3 months the psychological assessment focused on socio-emotional developmental area. 

The Face-to-Face-Still-Face (FFSF, Tronick et al.,1978) was administered to mother-infant 

dyads. The FFSF paradigm is a well-described and validated procedure to assess socio-

emotional regulation in healthy infants before, during and after exposure to a social stressor 

in which the caregiver temporarily become unavailable in the interaction. During the FFSF 

procedure, mother and infant engage in 5 episodes in which mother alternatively is available 

and unavailable to interact and communicate with her infant every 2 minutes. It is a 

videotaped, structured observational interaction procedure that includes five successive 

two-minute episodes: (1) Play episode during which mother is face-to-face with her infant 

and she is instructed to play with him as they normally would, albeit without toys and 

pacifiers; (2) Still-Face episode, during which mother is instructed to stop any 

communication and behavior with her infant keeping a “poker face” while continuing to look 

at the infant; (3) Reunion episode, during which mothers resume their normal play interaction 

with the infant. Subsequently, (4) another Still-Face perturbation occurs in the interaction for 

2 minutes, during which the mother stops any communication with the infant until a new 

signal that allow her to return to interact with the infant normally, Reunion episode (5).  

The procedure was administered during the follow up visit in the Breastfeeding Department 

at the Parma Hospital. Before to start, the psychologist instructed the mother about the 

procedure explaining the five episodes and the different instructions about it. Mother-infant 

dyads were positioned face-to-face: mothers were seated facing their infant. Two video 

cameras were used positioned respectively behind the mother and the infant to focus on the 

infant and on the mother during the entire procedure. Any toy and pacifiers were used. When 

the procedure started, the psychologist exited from the room, so only mother-infant dyads 

remained in the room (Figure 7).  

 

Figure 7. FFSF episodes. 
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The psychologist was outside the room, behind the door to signal mother when to move 

from one episode to another knocking the door every 2 minutes. If during the procedure the 

infant was very distressed, the experimenter could reduce the duration of the episode.    

At the end of the visit, the staff delivered to the mothers one questionnaire about the brand 

of infant’s personal care products used and two containers to collect maternal urine and 

breast or formula milk samples for the third follow up at 6 months of life. The questionnaire 

and the samples were respectively filled out and collected at home and delivered at the next 

appointment. Finally, a certificate of participation was provided to the mother for her infant.   

2.8. At 6 months of life  

At 6 months mother-infant were recalled for two different follow-up visits: the standard follow-

up like the previous at 1 and 3 months and the neurodevelopmental assessment. The 

standard visit occurs at ± 14 days of the sixth month of life at the Breastfeeding Department 

at the Parma Hospital in presence of neonatologist and psychologist.  

During this, the mother filled out two brief version of Questionnaire #1 and #2 about her 

lifestyle and nutritional habits during the last three months, except for questions about the 

use of personal/home care products and food stuff consumed during the last 48 hours. Also, 

the brief version of Questionnaire #3 was administered at the mothers to collect data about 

infant’s lifestyle and nutritional habits in the last three months of life, except for questions 

about the use of infant’s personal care products that refer to the last 48 hours. A new section 

was introduced in the Questionnaire #3 about the nutritional habits of the infant. At six 

months of life the infants start the weaning. So, questions about the kind of food, their 

preparation and conservation such as the frequency of consumption were introduced in the 

questionnaire. The reference time for these questions was the last three months and the 

last 48 hours.  

Mothers delivered to the staff a sample of maternal urine and breastmilk, or artificial milk 

and the neonatologist assessed the infant growth parameters, recorded the puberal stages 

and collected one infant’s urine sample, as described in the Section 2.6 (page 37-38).   

The psychological assessment provided the administration of FAGAN test (Fagan, 1984). 

The FAGAN test is a standardized test of visual recognition memory based upon the well-

known tendency of infants to differentially fixate novel visual stimuli when compared to 

stimuli previously seen. Novelty preference, the basic component of the FAGAN Test is 

assessed by presenting the infant two stimuli for a preset accumulated looking time that 

allow to become familiar with the stimuli and then pairing them with a new or novel stimuli. 

For each of 10 novelty problem, there is a familiarization and test phases. The familiarization 
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phase is always cumulatively timed: the infant must accumulate a specified amount of study 

time before to run the next part of the Test item. The novelty test trials are not cumulatively 

time. The infant can look as much or as little as he/she likes and the test advances when a 

specific period of time has elapsed. During the novelty test trials the pairing of two different 

pictures simultaneously are presented. During the test phases, the right-left positions of the 

picture are switched midway through the test phase to avoid the spatial preference bias. For 

each phases the experimenter records the amount of viewing time for each picture on the 

computer and the direction of the gaze and fixation. Stimuli used were picture of real women, 

men, and infant with different spatial orientation (frontal or lateral) and facial expression. 

Black-and-white or color pictures were used.  

To run the test, we used the Habit-2 Software (Oakes et al., 2019). The infant was held in 

the arm of the mother, and they were placed at approximately 50 cm of distance from the 

computer screen where the stimuli were presented. The test was administered in a semi-

darkened room to increase the contrast between the environment and the stimuli presented 

facilitating the infant view. A double camera was located above the monitor screen: the 

webcam was connected to the computer device to administer the experiment by the 

psychologist; the video camera was used to register the infant gaze for the offline coding 

(Figure 8). 

 

Figure 8. Fagan test procedure. Here, we report the example of familiarization and test phases of the FAGAN test procedure. 

Infants were tested only if, during the follow up visit, they were awake and in an alert and 

relaxing state. The experimenter ran the experiment registered the direction of the infant’s 

gaze until the infant paid attention to the stimuli for each trial.  

At the end of the visit, the staff delivered to the mothers one container to collect infant urine 

for the final follow up at 12 months of life. The samples were collected at home and delivered 

at the next appointment. Finally, a certificate of participation was provided to the mother for 

her infant.   
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At 6 months of life, the infant neurodevelopment was assessed through the Bayley Scale for 

Infant Development (BSID, Bayley, 2009). The BSID was administered by the psychologist 

or infant neuropsychiatrist at the Neuropsychiatric department at the Parma Hospital. The 

BSID is a neurodevelopmental standardized scale to assess the infant neurodevelopment 

from 16 days of life to 42 months and 15 days in the cognition, language, motor, 

socioemotional and adaptive behavior developmental areas. The first three scales consist 

of items that are directly administered to the infant by psychologist or neuropsychiatrist, 

while the latter two scales are questionnaires that caregiver filled out. Cognitive scale 

assesses abilities such as sensorimotor manipulation and exploration, early memory, and 

problem-solving skills. The Language Scale is divided into Receptive and Expressive 

Communication subtests and the Motor Scale is divided in Gross and Fine Motor subtests. 

The questionnaires about the socio-emotional and adaptive behavior scales measured the 

acquisition of major social-emotional milestones in infancy. The Adaptive Behavior Scale 

assesses daily functional skills in seven different areas, and scores from these areas are 

combined as composite score for Adaptive Behavior (Lennon et al., 2008). 

2.9. At 12 months of life 

At 12 months mother-infant were recalled for two different follow-up visits: the standard 

follow-up like the previous and the neurodevelopmental assessment as at 6 months of life. 

The standard visit occurs at ± 30 days of the first year of life at the Breastfeeding Department 

at the Parma Hospital in presence of neonatologist and psychologist.  

During the visit, the mother filled out the brief version of Questionnaire #3 to collect data 

about infant’s lifestyle and nutritional habits in the last six months of life, except for questions 

about the nutritional habit and the use of infant’s personal care products that refer also to 

the last 48 hours.  

Mothers delivered to the staff the sample of infant urine and the information registered about 

the methods of their collection and conservation. If mother didn’t collect them at home, the 

neonatologist provided to collect it during the visit. The neonatologist visit assessed the 

infant growth parameters and the puberal stages, as previously described in the Section 2.6 

(page 37-38).   

The psychological assessment provided the administration of Barrier Task procedure 

(Goldsmith & Rothbart,1993). The Barrier task procedure is a paradigm adapted from the 

Laboratory Temperament Assessment Battery (LAB-TAB, Goldsmith & Rothbart, 1993) that 

assesses infant responses to stimuli in a controlled setting to measure infant’s emotional or 

behavioral reactivity to stimuli. The LAB-TAB manual describes 20 episodes. Nonetheless, 
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the researchers can choose and implement some of them depend on the aim of the study. 

The focus of the psychological assessment at 12 months of life is the adaptive behavior 

developmental area. To measure the behavioral development, we used the Barrier Task 

procedure, to assess the infant response to frustration in term of adaptive regulatory 

behavior and skills.  

The test was administered before the neonatologist visit to avoid previous distress to the 

infants. The assessment was conduct only if they were awake and in an alert and relaxing 

state. Two cameras were positioned behind the experimenter to focus respectively on the 

infant and on the mother-infant dyad (Figure 9).  

 

Figure 9.. The Barrier Task episodes: (1) Play, (2) Barrier, (3) Play #2. 

During the Barrier Task procedure, the infant is engaged in three two-minutes episodes: (1) 

Play episode during which the infant was allowed to manipulate and play with the toy chosen 

before to start the procedure; (2) Barrier episode during which the experimenter removed 

the toy from the infant’s hands and placed it on a hook behind a clear plastic barrier, out of 

reach. The toy remained out of reach for 2 minutes, or until there had been 20 seconds of 

hard crying; (3) Play#2 episode during which the experimenter removed the plastic barrier 

from the table and returned the toy to the infant, that allowed to play with it. During the first 

episode the mother could encouraged the infant to help to become interested in the toy if 

necessary. During the Barrier episode the mothers could interact with her infant only after a 

clear attention getting by the infant.  

At the end of the visit, the staff delivered to the mothers the final certificate of participation, 

the project’s gadget and the staff took a photo of the dyads.  

At 12 months of life, the infant neurodevelopment was assessed through the Bayley Scale 

for Infant Development (BSID, Bayley, 2009). The BSID was administered by the 

psychologist or infant neuropsychiatrist at the Neuropsychiatric department at the Parma 

Hospital (Lennon et al., 2008).   
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2.10. Mother and infant lifestyle and nutritional habits  

Maternal and infant lifestyle and nutritional habits were obtained from questionnaire #1, #2 

and questionnaire #3, respectively (see Material and Methods). The questionnaires were 

elaborated to identify the possible sources of EDCs in the mothers’ and infants’ everyday 

life.  

QUESTIONNAIRE #1. From Questionnaire #1 we obtained information about (i) personal 

and demographic information (age, civil status, education, nationality, length body weight); 

(ii) physical and emotional health and pregnancy status (past and present medical history, 

past and present life events occurred); (iii) current and past lifestyle (residence and work 

living areas frequented, physical activities, habits in kitchen activities, personal and home 

care products used).  

The questions were elaborated to assigns score in relation to the frequency of use of the 

products as categorical variables, such as, for example:   

 No= 0; Yes=1; I do not know= 0.5 

 Never= 0; Sometimes=1; Often= 2; Always= 3 

 Never= 0; Yes, once a week or less= 1; Yes, 2-3 times a week= 2; Yes, once a day= 

3; Yes, two or three times a day 

 

We created 8 variables and performed the mean of the attributed scores.  

1. Physical health: presence/absence of pathologies before, during and after pregnancy; 

smoking and possible exposition to passive smoke; 

2. Emotional health: evaluation about own psychological and physical health status using 

score range from 0 (ill) to 10 (optimal), presence/absence of emotional (i.e., marital 

separation or conflict, job loss, economic difficulties) and physical (i.e., illness, excessive 

tiredness); 

3. Environmental exposure: characteristic of home living area (presence/absence of green 

areas near their home or workplace, use and time spent in the car or public transport, 

and presence/absence of PVC in these areas); 

4. Personal care products: use and frequency about personal care products (i.e., face 

COVID-19 mask, body cream, hair care products, make up products), drugs and 
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supplements (use and frequency), kind of clothing used (cotton, viscose, synthetic, linen, 

wool); 

5. Home environment products: use and frequency about home and workplace products 

(i.e., detergents, electronic products like computer, phone, tablet) and their kind of 

packaging; 

6. Kitchen habits: use and frequency of delivery food, precooked foods, and plastic 

tableware; 

7. Physical activities: workout or gym physical activities;  

8. Lifestyle: it includes the categories from 3 to 7 previously described.  

QUESTIONNAIRE #1 – 48h. The Questionnaire #1 – 48h refers to the use of personal care 

products (i.e., body cream, hair care products, and make up products) in the last 48h. The 

mother indicated the use/nonuse of the products in the last 48h. We attributed scores 1 or 

0 referring to the use/nonuse of these products, respectively.  

QUESTIONNAIRE #2. From Questionnaire #2 we obtained information about maternal 

nutritional habits in terms of use, frequency, amount, biological origins, and type of 

packaging of milk, vegetable drinks, cheese and dairy products, eggs, cereals, vegetables, 

vegetables fats, animals’ fats, soy, meat, fish, fruits, sauces and condiments, coffee, sweet 

and salad snack, drinks, and frozen food. The questions were elaborated assigned a score 

to the frequency of the use of the products as categorical variables, as reported above. 

We created 6 categories for each investigated foodstuff including: 

1. Food consumption: yes/ no; 

2. Frequency of food consumption: less than once a month; 1-3 times a month, 1-3 times 

a week, 1 or more times a day;  

3. Plastic packaging: use of plastic packaging or packaging with plastic;  

4. Biological origin: yes/no; 

5. Mean Biological origin: mean of all “biological origin” questions; 

6. Mean of plastic packaging: mean of all “use of plastic packaging”. 

QUESTIONNAIRE #2 – 48h. The Questionnaire #2 – 48h refers to the food consumption, 

frequency and portion in the last 48h. The frequency includes:  
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The frequency and portion questions in the questionnaire #2 were elaborated assigning a 

range score: 

 Frequency: Never= 0; Once-Twice= 1; 2-3 times= 2; More than 4 times= 3 

 Portion: Small= 1; Medium= 2; Large= 3  

 

We created 3 variables:  

1. Consumption of food: yes/no  

2. Frequency of consumption: never, 1-2 times, 3-4 times, more than 4 times.  

3. Portion: small, medium, large based on LARN guidelines (Larn, 2018). 

 

QUESTIONNAIRE #3. The Questionnaire #3 refers to infant’s lifestyle and nutritional habits. 

It includes information about: (i) personal and general data of infant (date of birth, sex, body 

weight, length); (ii) infant health status (presence/absence of health problem at birth and 

during the last weeks (i.e, allergies, fever, cough, dermatitis, others problem or pathologies); 

(iii) infant nutrition source (breastmilk, formula milk or both sources); (iv) lifestyle and habit 

of care products used.  

The Questionnaire #3 at T1 and T2 was elaborated attributing a score to the frequency 

questions: 

 No= 0; Yes= 1; I do not know= .5 

 Yes, occasionally= 1; Yes, often= 2 

 Never= 0; Sometimes= 1; Often= 3; Always= 3 

 Never= 0; Yes, once a week or less= 1; Yes, 2-3 times a week= 2; Yes, once a day 

= 3; Yes, 2-3 times a day= 4 

 

We created 3 categories for the lifestyle information that included different variables:  

4. Physical status: presence/absence of health problem at birth and during the last 

weeks (i.e, allergies, fever, cough, dermatitis, others problem or pathologies), drugs 

and supplement assumption, sleep quality; 

5. Environmental exposure: characteristic of home living area (presence/absence of 

green areas near their home or workplace area, use and time spent in the car or 

public transport), kind of toys used, and time spent to use them; 
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6. Personal care products: use and frequency of personal care products (i.e., face 

COVID-19 mask, body cream, hair care products, make up products), drugs and 

supplements (use and frequency), type of fabric of clothes used (cotton, silk-viscose, 

synthetic, linen, wool). 

For the nutritional habits we created 6 categories that included different variables: 

1. Breastmilk feeding source: BM consumption and frequency; 

2. Artificial milk feeding source: AM consumption and frequency; 

3. Non artificial milk feeding source: Non artificial milk (i.e, cow milk) consumption and 

frequency; 

4. BM nutritional habits: use and frequency of the use of breast pump, baby bottle, 

nipple shield, kind of packaging and conservation; 

5. AM nutritional habits: use and frequency of the use of baby bottle, kind of packaging 

and conservation; 

6. Non artificial milk nutritional habits: use and frequency of the use of baby bottle, kind 

of packaging and its conservation. 

The questionnaire #3 includes a final section related to the last 48 hours in terms of use and 

frequency of use of different types of fabric of clothes (cotton, viscose, synthetic, linen, and 

wool). 

The frequency questions in the questionnaires #1, #2, and #3 were elaborated assigning a 

range score: Never= 0; Less than once a month= 1; 1-3 times a month= 2; 1-3 times a week= 

3; 1 or more times a day= 4.  

2.11. EDCs levels 

The EDCs analysis were performed by the Pept-LAB at the University of Firenze. The 

quantitative analysis was carried out using a high-performance liquid chromatography 

tandem mass spectrometry RP-HPLC-ESI-MS (Waters, Alliance 2695, Waters, Micro mass 

ZQ) equipped with phenyl column and with a Waters 2996 Photodiode Array Detector. A 

calibration curves for the quantitative analysis was calculated for all EDCs metabolites. The 

chromatographic methods provide a simple and reliable approach to the quantitative and 

qualitative analysis. For each sample, the mean of concentration scores obtained by the 

aliquots was calculated. For all matrices, a limit of quantification (LOQ) and a limit of 
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detection (LOD) was determined. The mean of concentration obtained for each metabolite 

was compared to the LOQ and LOD values. In this thesis, we consider only the EDCs 

metabolites of BPA and Parabens whose concentration in maternal urine and breastmilk 

were analyzed. In the Appendix 2 the concentration levels for each compounds considered. 

In the Table 3 we reported the EDCs and its components considered:  

SAMPLE EDCs TIMING 

Maternal urine 
Bisphenols BPA, BPS 

Parabens : MePB, EtPB, PrPB 

T0 – pregnancy 

T1 – 1 month after delivery 

T2 – 3 months after delivery 

Breastmilk 

Bisphenols BPA, BPS 

Parabens: MePB, EtPB, PrPB, BzPB, 

iBuPB 

T1 – 1 month after delivery 

T2 – 3 months after delivery 

Table 3. EDCs compounds considered for the analysis in maternal urine and breastmilk at different timing of the study. 

2.12. Infant growth parameters and neurodevelopmental outcome 

2.12.1. Infant growth parameters  

Infant health and growth parameters at the different timepoints of birth, 1, 3, 6, and 12 

months of life were obtained from the neonatological records. They include: gestational age 

(at birth), Apgar score at 1,5, and 10 minutes (at birth), mode of delivery (at birth), abdominal 

circumference (at birth), sex, body weight, length, puberal stages according to Tanner’s 

criteria, and anogenital distance (AGD) both anterior and posterior (cm).  For females, we 

recorded the presence of genital crisis and the characteristics of external genitals. The size 

of penis (cm), the localization of right and left testes, the volume of testes (ml) using Prade’s 

orchidometer, the presence of malformations (i.e., hydrocele minimum, medium or severe; 

hypospadias; scrotal hyperpigmentation; other) were collected for males.  

Descriptive analysis about the infants’ growth parameters at the different timings of 

development are reported in the Supplementary Material. Below, we present the analysis of 

body weight, length, head circumference, and anogenital distance. AGD, that is a sex-

specific parameters, was analyzed separately between males and females.    

2.12.2. Infant visual preference  

The Virtual Dub 2 software was used (Lee, 2001). Infant visual preference was micro-

analytically coded as number and duration of fixation to stimuli during the first and second 

trial. The total amount of fixations and duration of every fixation for each stimulus in each 

trial was obtained. Also, the orientation of the first fixation in each trial was coded. To check 

for inter-coder agreement and reliability over scoring, 5 randomly selected videotapes were 
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analyzed independently from two different coders to obtain the reliability (Cohen’s kappa 

never < 0.84 – “Almost perfect agreement from 0.81 – 1”; percentage agreement = 94.73%; 

Landis & Koch, 1997) 

88 infants took part in the first-month follow-up. The preference paradigm test was 

performed only if the infant was relaxed. The test was administered to 88 1 month-old-

infants. 9 tests were not performed due to technical issues. 23 infants were excluded 

because of the bias position: the infants spent more than 85% of testing duration looking 

only at the stimuli in the left part of the monitor. 35 infants were excluded because of the 

infants looked at each one of both stimuli in each trial for more than 10s. The final sample 

therefore included N=19, 1 month-old infants: 11 females and 8 males.  

2.12.3. Infant socioemotional response during the FFSF paradigm  

The FFSF was coded by using the Elan 5.9 Software. Infant emotionality was micro-

analytically coded each 2-seconds using the update version of the Parent-Infant Coding 

System (Brambilla et al., 2021). Six categories of infant emotionality were considered (see 

the Supplemental Materials). A proportion index of low or high negative emotionality was 

obtained dividing the negative emotionality displayed during each FFSF by the actual length 

of the episode. Coders were trained with a gold standard sample of 5 randomly selected 

videotapes (percentage agreement = 85 %).  

88 mother-infant dyads participated to the second follow-up at 3 months of age. Only those 

infants showing a relaxed mood during the visit underwent The FFSF procedure. Mothers 

performed the procedure following the specific guidelines presented by the experimenter. 

17 infants were excluded due to the use of toys during the procedure or because mothers 

did not stop communicating during the SF episode. The final sample therefore included 71 

infants: 30 males and 41 females. 

2.12.4. Infant neurodevelopmental score 

The infant neurodevelopment was assessed through the Bayley Scale for the Infant 

Neurodevelopment (Bayley, 2009). As previously described (see Material and Methods) five 

developmental indexes were obtained: cognitive, language, motor, socioemotional and 

adaptive behavior. The normative range based of Bayley Scale standardization is from 85 

to 105 score for each scale.  

Neurodevelopmental assessment at 6 months were performed only on mother-infant dyads 

who has participated to all previous follow-ups and had all biological samples collected and 

available for EDC analysis. Furthermore, only mother-infant dyads who participated to the 
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neurodevelopmental assessment at 6 months were enrolled to the neurodevelopmental 

assessment at 12 months of age. From the sample included in this thesis, 77 infants took 

part to the neurodevelopmental assessment at 6 months of age (34 M; 38F) and 60 infants 

took part to the neurodevelopmental assessment at 12 months of age (30 M; 30 F). 

 

3. PLAN OF ANALYSIS  

The statistical analysis was performed using the Jamovi Software – Version 2.3 (2022) and 

SPSS Software – Version 28.0.0.1 (2021).  

The present data collection ended in December 2022 at the Parma Hospital center. A total 

of 245 women were enrolled and 242 mother-infant dyads participated to the study. More 

specifically, at the different time-points the following dyads were evaluated at birth N=242, 

1 month N=200, 3 months N=191, 6 months N=171, and 12 months N=162 after delivery. 

Neurodevelopmental assessment was administered to 135 infants at 6 months of life and 

125 infants at 12 months of age. The coding and analysis are still ongoing.  

Here, I present the preliminary data analysis on 88 mother-infant dyads involved in the study, 

including recruitment and follow-up analysis at 1 and 3 months and neurodevelopmental 

assessment at 6 and 12 months of age.  

Finally, a preliminary risk assessment model will be presented for a sub-sample of mother-

infant dyads whose biological samples analysis for EDC levels was available.  

Descriptive statistics for this sample were conducted at different timing of the study 

considering the Questionnaire #1, #2 and #3 and their brief version, infant growth 

parameters, and neurodevelopmental outcomes at birth, 1, 3, 6, and 12 months of life.  

Repeated measures ANOVAs were used to analyze the mother-infant lifestyle and 

nutritional habits from the recruitment to third months after delivery. Mixed ANOVA was 

performed to investigate the infant growth parameters at different timing of development (at 

birth, at 1, 3, 6 and 12 months of life), considering sex as an independent variable. Repeated 

measure ANOVA was performed to assess the AGD1 and AGD2 in males and females, 

separately. The Tukey test correction was used in all analysis for the test post hoc of 

independent variables with more levels. For the visual preference paradigm, mixed ANOVA 

was performed considering the total duration of fixation time for upright and upside-down 

face in the two trials to investigate the visual preference of the infant, also considering sex 

as an independent variable. Moreover, the binomial test and two-way χ² Test was conducted 

to investigate the frequency of stimuli’s fixation for each trial and to investigate the 

orientation of the first fixation.  
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For the FFSF, socioemotional stress response was compared between male and female 

infants through mixed ANOVAs. We performed separated mixed ANOVAs for (i) negative 

emotionality, as the sum of low and high emotionality; (ii)low negative emotionality, (iii) high 

negative emotionality and (iv) low vs high emotionality expressed by the infants across the 

five different episodes focusing on the Still-Face and Reunion #1 and #2. Preliminary 

analysis about emotionality expressed in the Play episode was conducted to obtain 

emotionality baseline for each infant. The Tukey test correction was used for the test post 

hoc of independent variables with more levels.  

The infant neurodevelopment at 6 and 12 months of life, assessed through the Bayley test, 

was analyzed through the mixed ANOVA considering sex as an independent variable. The 

Tukey test correction was used for the main effect of dependent variables when it included 

more than 2 levels. The post-hoc test were performed for the significant effects found. 

The Life-MILCH project aim to elaborate a risk assessment model (Figure 2, Chapter 1.3) 

to understand how maternal pre- and post-natal lifestyle and nutritional habits can influence 

EDC levels in breastmilk and their possible effects on infant growth and neurodevelopment 

at different timing of development. The chemical analysis conducted by the Pept-LAB of 

EDCs concentration levels in biological samples included in the study is still ongoing. To 

date, preliminary results about the Bisphenols and Parabens (Table 3) concentration levels 

in 22 mother-infants’ dyads of the Parma Hospital Center, from the recruitment to 3 months 

after delivery, are available. Therefore, in this thesis we present a preliminary analysis 

anticipating the risk assessment model that will be elaborated for the next June 2023. The 

aim of this analysis was to investigate (i) possible interaction between EDCs concentration 

levels and infants neurodevelopmental outcomes; (ii) possible interaction between maternal 

and infant lifestyle and nutritional habits and infant neurodevelopment and growth.  

Repeated measures ANCOVAs (independent variables (x) considered were: body weight, 

AGD1, AGD2, negative emotionality, low negative emotionality, high negative emotionality, 

cognitive development, language development, motor development, socioemotional 

development, behavioral development; covariates: EDCs compounds and Questionnaires 

variables) were performed to investigate longitudinally the evolution of different infant 

parameters from birth to 12 months of life. For each ANCOVA, the time point was the within 

factor, the sex the between factor and the infant growth parameters and 

neurodevelopmental assessment the outcomes. The time points considered were: the 

recruitment, at birth, at 1 months of age, at 3 months of age, at 6 months of age, and at 12 

months of age. EDCs components and Questionnaire variables were the covariates for the 
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first and second analysis conducted, respectively. EDCs concentration levels in maternal 

urine considered were: BPA, BPS, MePB, EtPB, PrPB at recruitment (T0), at 1 months after 

delivery (T2), and at 3 months after delivery (T2). The EDCs compounds in BM were: BPA, 

BPS, MePB, EtPB, PrPB, BzPB, and iBuPB at 1 month (T1) and 3 months (T2) after delivery. 

Also, the Questionnaire variables referring to the mothers considered as covariates were: 

Maternal Lifestyle, Maternal use of care products, Maternal kitchen habits, and Maternal 

Nutritional Habits at the recruitment (T0), at 1 month (T1) and 3 months (T2) after delivery. 

The Questionnaire variables referring to the infant considered as covariates were: Infant 

Lifestyle and Infant Nutritional Habits at 1 (T1) and 3 (T2) months of age. Because of the 

small size of the sample (n=22) separate repeated measures ANCOVAs were performed in 

which each covariate was considered independently. The small sample size in terms of EDC 

chemical analysis available and the small sample size in the visual preference paradigm did 

not allow to investigate the EDCs – infant development associations for the perceptive 

development at 1 months of age. This analysis will be performed later when the chemical 

analysis of EDC levels and behavioral analysis of Visual Preference Paradigm in all sample 

of the study will be completed. For both analyses, in the results sections are reported only 

the significant interaction effects found. All statistical results for the significant and no 

significant effects found are reported in the Appendix 2. 

For all analysis conducted it was considered as a threshold of significance p ≤ .05. In addition 

to the significance, it gives explanatory value of the effect (𝜂2), especially for the analysis 

carried out on a sub-sample with low statistical power (see Section 3.2.1).     

3.1. Interaction between EDCs levels and Infants neurodevelopmental outcomes.  

To investigate the interaction between EDCs and infant neurodevelopmental outcomes we 

selected the EDCs components reported above (Table 3). The EDCs concentration levels 

were the covariates of the model. Because of the small sample size, we performed 

separated repeated measures ANCOVA considering each EDCs concentration levels at 

each time point separately.  

The infant neurodevelopmental parameters considered were: 

1. Body weight: at birth, 1 months, 3 months, 6 months, 12 months; 

2. AGD 1 and AGD2 in male, considered separately, at birth, 1 months, 3 months, 6 

months, 12 months; 
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3. AGD 1 and AGD2 in female, considered separately, at birth, 1 months, 3 months, 6 

months, 12 months; 

4. Negative emotionality at FFSF in terms of negative emotionality, low negative 

emotionality, high negative emotionality at 3 months of age; 

5. Cognitive, Language, Motor, Socioemotional, and Behavioral development, analyzed 

separately, at 6 and 12 months. 

3.2. Interaction between mother-infants lifestyle and nutritional habits and infants 

neurodevelopmental outcomes. 

To investigate the interaction between Mother-infants lifestyle and nutritional habits and 

Infants neurodevelopmental outcomes, considering the EDCs previously analyzed, we 

selected from the Questionnaire #1, #2 (at T0  , T1  , and T2) and Questionnaire #3 (T1  , and 

T2) the variables that can be mostly associated to the presence in the biological sample of 

the selected  EDCS. Bisphenols and Parabens are mainly present in plastic packaging and 

care products primarily. Therefore, the variables considered were:  

1. Questionnaire #1: maternal lifestyle; personal care products used, and kitchen habits; 

2. Questionnaire #2: mean of plastic packaging used for foodstuff consumption; 

3. Questionnaire #3 : BM nutritional habits, AM nutritional habits, and infant lifestyle 

(personal care products used). 

 

The infant neurodevelopmental outcomes considered from birth to 12 months of age 

assessed are the same of the previous analysis. For this analysis, repeated measured 

ANCOVA was performed, in which each as covariates was considered separately.    
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4. RESULTS  

4.1. Infants growth parameters at birth, 1, 3, 6, and 12 months of life  

Descriptive statistical analysis for infant growth parameters at different timing of 

development considered are reported in the Table 4. Below, we report the result obtained 

by Repeated Measures ANCOVA and mixed ANOVA for the infant growth parameters such 

as body weight, length, head circumference, anogenital distance anterior and posterior at 

different timing of development considered. As anterior and posterior AGD refers to sex-

dependent parameters, it was analyzed separately between sexes.    

4.1.1. Infant body weight in males and females 

Descriptive analyses for the infant body weight are reported in the Table 4. Infants’ body 

weight increased at each time points considered, following a healthy normal standard.  

 MALES FEMALES 

 T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

N 43 43 40 41 43 41 43 44 41 39 

MEAN 

(SD) 

3557 

(389) 

4739 

(613) 

6580 

(843) 

8290 

(952) 

10237 

(1181) 

3290 

(445) 

4337 

(524) 

5998 

(627) 

7649 

(758) 

9811 

(787) 

MEDIAN 3510 4610 6485 8000 10250 3270 4360 5890 7540 9750 

MIN – 

MAX 

2820 – 

4635_ 

3800 -

6190_ 

5270 -

8800_ 

6690 -

10470 

8050 -

13200 

2450 -

4250_ 

3230 -

5660_ 

4800-

7380_ 

6140 -

9560_ 

8150 -

11550 

Table 4. The table reports the body weight (g) in males and females at different timing of development (T0: at birth; T1: at 

1 months of age; T2: at 3 months of age, T3: at 6 months of age; T4: at 12 months of age); SD: Standard Deviation; Min: 

Minimum value; Max: Maximum value. 

Repeated Measures ANCOVA showed a main large effect of timing: infant body weight 

significantly increases from the birth to 12 months of life (F(4,268)=1040.116 p < .001 𝜂2=.881). 

Also, there was a small main effect of sex: females’ body weight was lower than males 

(F(1,67)=8.93 p=0.004 𝜂2=.007), independently of the timing of development considered 

(Figure 10). No significant timing*sex interaction was found (F(4,268)=0.812 p=0.519). 
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Figure 10. The figure represents the main effect of sex (M: males; F: females). The bars represent the confidence interval. 

4.1.2. Infant length in males and females 

Descriptive analyses for the infants’ length are reported in the Table 5. The infants length increase 

from birth (T0) to 12 months (T4) of age in both sexes, as expected. 

 MALES FEMALES 

 T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

N 43 43 40 41 43 41 43 44 41 39 

MEAN 

(SD) 

51.4 

(1.99) 

56.8 

(3.41) 

64.3 

(2.34) 

69.6 

(2.54) 

76.5 

(2.64) 

51.0 

(1.90) 

56.0 

(1.91) 

62.0 

(2.22) 

67.4 

(2.27) 

75.2 

(1.61) 

MEDIAN 51.0 57.0 64.0 70.0 77.0 51.0 56.0 62.3 68.0 75.0 

MIN – 

MAX 

48.0 

56.5 

52.0 – 

70.0 

60.0 

71.0 

65.0 

75.0 

69.0 

83.0 

47.0 

55.0 

50.5 

59.5 

55.0 

66.5 

62.0 

72.0 

71.5 

79.0 

Table 5. Infants length (cm) at each time points in males and females at different timing of development (T0: at birth; T1: at 

1 months of age;  T2 : at 3 months of age, T3: at 6 months of age; T4: at 12 months of age); SD: Standard Deviation; Min: 

Minimum value; Max: Maximum value.. 

Repeated measure ANCOVA revealed a main large effect of timing and sex (Figure 11). As 

expected, infant length significantly increased from birth to 12 months of life (F(4,268)=2038.37 

p <.001 𝜂2= .925). Also, sex differences was found: the males’ length significantly increase 

more than females’ length, even if the effect size was small (F(1,67)=10.9 p=0.002 𝜂2= .006). 
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Figure 11. Infants length increase in Males (M) and Females (F) from birth to 12 months of life. 

A small significant timing*sex interaction was found (F(4,268)=5.18 p< .001 𝜂2= .002; Figure 

12). The post hoc analysis by Tukey Test revealed that males’ length was significantly higher 

than females’ length at 3 (p=0.002) and 6 months of age (p=0.005). At birth, 1, and 12 

months of age there were no differences in length in between males and females (Birth: 

p=1.000; 1m: p=0.992; 12m: p=0.216). 

 

 
Figure 12. Timing*sex effect in infant length Males (M) and Females (F). The bars represent the confidence interval. 

4.1.3. Infant head circumference in males and females 

Descriptive analyses for the infants’ head circumference are reported in the Table 6.  

 MALES FEMALES 

 T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

N 42 43 40 41 43 41 43 44 41 39 

MEAN 

(SD) 

34.8 

(1.329 

37.9 

(0.930) 

41.3 

(1.142) 

43.9 

(1.027) 

46.4 

(0.963) 

34.4 

(0.932) 

37.1 

(1.005) 

39.9 

(0.986) 

42.7 

(1.047) 

45.5 

(1.217) 

MEDIAN 35.0 38.0 41.3 44.0 46.0 35.0 37.0 40.0 42.5 45.5 
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MIN – 

MAX 

32.0 

38.0 

36.5 

40.0 

39.0 

44.5 

42.0 

46.0 

44.5 

49.0 

33.0 

36.0 

35.5 

39.5 

38.0 

42.0 

41.0 

45.0 

43.0 

49.5 

Table 6. Infant head circumference (cm) in males and females at different timing of development (T0: at birth; T1: at 1 

months of age;  T2 : at 3 months of age, T3: at 6 months of age; T4: at 12 months of age); SD: Standard Deviation; Min: 

Minimum value; Max: Maximum value. 

Repeated measure ANCOVA shows a large main effect of timing (F(4,268)=2355.11 p< .001 𝜂2= .920) and small effect of sex (F(1,67)=22.2 p< .001 𝜂2= .013). Head circumference 

significantly increased at different timing of development: males’ head circumferences 

increase more than females independently of the time points (Figure 13). 

 
Figure 13.  Main sex effects in infant head circumference Males (M) and Females (F). The bars represent the confidence 

interval. 

Also, a small significant head circumference*sex interaction (F(4,268)=3.94 p= 0.004 𝜂2= .002) 

was found (Figure 14). The post hoc analysis using Tukey Test revealed a statistically 

significant differences between sexes at 1 months (p < .001), 3 (p < .001), 6 (p= 0.002) and 

12 months of life (p <.05): males’ head circumference was bigger than females. No 

significant difference between sex was found at birth (p=0.946). 
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Figure 14.  Head circumference*sex effect (Males: M; Females: F)  

4.1.4. AGD1 and AGD2 in males 

Descriptive analysis for the AGD1 and AGD2 are reported in Table 7.  

 AGD1 AGD2 

 T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

N 43 43 39 41 43 43 43 39 41 43 

MEAN 

(SD) 

4.30 

(0.693) 

5.17 

(0.733) 

6.08 

(0.857) 

6.57 

(0.822) 

6.54 

(0.957) 

2.73 

(0.646) 

3.08 

(0.724) 

3.98 

(1.016) 

4.09 

(1.006) 

3.70 

(0.821) 

MEDIAN 4.20 5.20 5.90 6.40 6.40 2.60 3.10 3.80 4.00 3.60 

MIN – 

MAX 

3.10 

6.70 

2.60 

6.30 

4.20 

7.70 

4.20 

8.30 

3.90 

9.40 

1.50 

5.20 

1.70 

5.90 

2.40 

7.50 

2.50 

7.20 

1.70 

5.20 

Table 7. The AGD1 and AGD2 parameters (cm) in males at different timing of development (T0: at birth; T1: at 1 months of 

age;  T2 : at 3 months of age, T3: at 6 months of age; T4: at 12 months of age); SD: Standard Deviation; Min: Minimum 

value; Max: Maximum value. 

Repeated measures ANOVA was performed for AGD1 and AGD2, separately.  

AGD1. The analysis showed a large main effect of timing (F(4,136)= 61.5 p <.001 𝜂2= .544): 

AGD1 significantly increase along the different timing of development considered (Figure 

15). Post hoc analysis revealed that AGD1 significantly increase between birth and 1 months 

of age (p= <.001) and between 1 months and 3 months of age (p <.001). No significant 

increase were found between 3 and 6 months of age (p= 0.168), and between 6 and 12 

months of age (p= 0.973).  
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Figure 15.  Main effect of timing for AGD1 in males. The bars represent the confidence interval. 

AGD2. Repeated measures ANOVA showed a large significant main effect of timing (F (4,136) 

=28.2 p <.001 𝜂2= .283): AGD2 significantly increase from birth to 12 months of age (Figure 

16). Post hoc analysis showed that a significant increase was found between 1 and 3 months 

(p <.001). No significant increases were observed between birth and 1 months (p= 0.224), 

3 and 6 months (p=0.999), 6 and 12 months (p= 0.111).  

 

 
Figure 16 Main effect of timing for AGD2 in males. The bars represent the confidence interval. 

4.1.5. AGD1 and AGD2 in females 

Descriptive analysis for the AGD1 and AGD2 are reported in Table 8.  

 AGD1 AGD2 

 T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

N 40 43 44 41 39 40 43 44 41 39 

MEAN 

(SD) 

3.56 

(0.790) 

3.78 

(0.791) 

4.33 

(0.990) 

4.59 

(1.029) 

5.14 

(0.898) 

1.40 

(0.381) 

1.42 

(0.606) 

1.58 

(0.562) 

1.52 

(0.790) 

1.76 

(0.488) 

MEDIAN 3.40 3.70 4.35 4.70 5.20 1.35 1.30 1.50 1.30 1.80 
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MIN – 

MAX 

2.600 

7.00 

1.000 

5.80 

0.900 

6.80 

1.200 

6.20 

3.500 

8.50 

0.900 

3.00 

0.700 

4.00 

0.700 

3.60 

0.600 

4.30 

1.000 

3.70 

Table 8. The AGD1 and AGD2 parameters (cm) in females at different timing of development (T0: at birth; T1: at 1 months 

of age;  T2 : at 3 months of age, T3: at 6 months of age; T4: at 12 months of age); SD: Standard Deviation; Min: Minimum 

value; Max: Maximum value. 

Repeated measures ANOVA was performed for AGD1 and AGD2, separately.  

AGD1. The analysis showed a large main effect of timing (F(4,128)=22.5 p< .001 𝜂2= .309): 

AGD1 significantly increase during the different timing of development considered (Figure 

17). Post hoc analysis revealed that there were no differences in AGD1 increase considering 

this parameter between: birth and 1 months of age (p= 0.124), 1 months and 3 months of 

age (p= 0.249), 3 and 6 months of age (p= 0.491), and 6 and 12 months of age (p= 0.127).  

 
Figure 17. Main effect of timing for AGD1 in females. The bars represent the confidence interval. 

AGD2. Repeated measures ANOVA showed a large significant main effect of timing (F(4,128) 

=3.03 p= 0.020 𝜂2= .044): the AGD2 significantly increase from birth to 12 months of age 

(Figure 18). Post hoc analysis showed that there were no significant differences on AGD2 

between birth and 1 months (p= 1.000), 1 and 3 months (p= 0.376), 3 and 6 months (p= 

0.998), 6 and 12 months (p= 0.638).  
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Figure 18. Main effect of timing for AGD2 in females. The bars represent the confidence interval. 

4.2. Infant neurodevelopment assessment at 1, 3, 6, and 12 months of age 

4.2.1. Visual face preference at 1 month of life   

Infant visual preference for upright and upside-down stimuli was analyzed by mixed ANOVA 

for total duration of fixation of stimuli in the first and second trial between males and females. 

No significant effects for stimuli (F(1,17)=1.7212 p=0.207) and stimuli*trial effect 

(F(1,17)=0.4907 p=0.493) were found. Infants looked at both stimuli, upright and upside-down 

stimuli, in both trials with no difference in total duration time of fixations. Also, no main effect 

of sex was found (F(1,17)=0.00270 p=0.959).  

A small significant effects was found for trial (F(1,17)=13.9194 p= 0.002 𝜂2= .079) and for the 

trial*sex interaction (F(1,17)=7.4115 p=0.014 𝜂2= .042). The post hoc analysis by Tukey Test 

revealed that there was a significant difference between first and second trial (p=0.002): the 

total duration of fixation in the first trial was significantly higher than the second trial (Figure 

19). 
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Figure 19. Main effect of trial during the Visual Preference Paradigm. The bars represent the confidence interval. 

Post hoc analysis for the trial*sex interaction showed that there was a significant difference 

in the total time spent looking at the stimuli between trials (p< .001) in females: female infants 

spent more time to look the stimuli in the first trial than the second trial (Figure 20). In 

contrast, male infants showed no difference in total duration looking time in the first and 

second trial (p= 0.910). 

 
Figure 20. Trial*sex interaction during the Visual Preference Paradigm (M: males; F: females). The bars represent the 

confidence interval. 

A binomial test was performed to investigate the frequency of fixation. The analysis confirms 

the lack of a significant effect of stimuli, as suggested by the results above-mentioned. The 

frequency of fixations directed to the upside-down faces did not significantly differ compared 

to those directed to the upright faces (N fixationupright= 10; N fixationupside-down= 9; p=1.000). 

Finally, the binomial test was performed to investigate possible differences in the frequency 

of the first fixation’s orientation, in the first and second trials. The analysis reveals a 
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significantly higher frequency of first orientation events for the upright stimuli compared to 

the upside-down ones (N fixationupright= 15; N fixationupside-down= 4; p=0.019). No significant 

difference in the first orientation frequency was found in the second trial (N fixationupright= 12; 

N fixationupside-down= 6; p=0.238). 

The two-way χ² Test was performed to investigate the association between sex and the first 

fixation orientation, in the first trial. The analysis showed a significant mild effect (𝜒12 =4.11, 

p=0.043; contingency coefficient C=.431): males looked at the upright faces more frequently 

than upside-down face as first fixation’s orientation compared to females.   

4.2.2. Infants socioemotional development at 3 months of life    

Two different mixed ANOVAs were conducted, also considering the sex as independent 

variable. First, we considered the negative emotionality as the sum of low and high negative 

emotionality expressed during the FFSF. After, the detailed analysis was performed 

considering the arousal of negative emotionality, low vs high negative emotionality, showed 

by the infants during the FFSF.  

4.2.2.1. Sex differences in negative emotionality during FFSF 

Mixed ANOVA showed a large significant main effect of the phase (F(4,276)=47.59 p< .001 𝜂2= .248); negative emotionality  varied in the different FFSF phases. No significant 

phase*sex interaction was found (F(4,276)=1.21 p=0.306). Also, there was no significant effect 

of sex (F(1,69)=0.513 p=0.476), with no different negative emotionality showed in relation to  

sex (Figure 21).  

 

 
Figure 21. Negative emotionality expressed by the male (M) and females (F) during the FFSF procedure. (SF_1: Still-

Face#1; R_1: Reunion#1; SF_2: Still-Face#2; R_2: Reunion#2). The bars represent the confidence interval. 
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Consistently, Tukey Test performed to analyze possible differences between negative 

emotionality at the baseline (Play phase) showed no significant differences between males 

and females (p=0.992). 

The post hoc analysis by Tukey Test showed that negative emotionality was significantly 

higher in SF#1 (p<.001), R#1 (p<.001), SF#2 (p<.001), and R#2 (p<.001) as compared to 

Play phase (Figure 22). Negative emotionality in SF#1 and SF#2 was higher than in 

Reunion#1 (p<.001) and Reunion#2 (p<.001), respectively. Comparison of negative 

emotionality in SF#1 and SF#2 just missed significance (p=0.057). 

 

 
Figure 22. Negative emotionality expressed by the infant during the FFSF procedure. (SF_1: Still-Face#1; R_1: Reunion#1; 

SF_2: Still-Face#2; R_2: Reunion#2). The bars represent the confidence interval. 

4.2.2.2. Sex differences in low negative emotionality during FFSF  

Mixed ANOVAs showed a large significant main effect for phase (F(4,276)=45.73 p< .001 𝜂2= 

.254) and a small significant phase*sex interaction (F(4,276)=3.80 p= 0.005 𝜂2= .021).  

Post hoc analysis by Tukey Test showed that negative emotionality was significantly higher 

in SF#1 (p<.001), R#1 (p<.001), SF#2 (p<.001), and R#2 (p<.001) than Play phase (Figure 

23). Negative emotionality in SF#1 and SF#2 was higher than in R#1 (p<.001) and R#2 

(p<.001), respectively. Negative emotionality in SF#1 and SF#2 did not significantly differ 

(p=0.906). 
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Figure 23. Negative emotionality expressed by the infants during the FFSF procedure. (SF_1: Still-Face#1; R_1: 

Reunion#1; SF_2: Still-Face#2; R_2: Reunion#2). The bars represent the confidence interval. 

The post hoc analysis using Tukey Test for phase*sex interaction revealed no differences 

in low negative emotionality expressed in male and females (Figure 24) in Play (p=0.998), 

Still-Face#1 (p=0.538), Reunion#1 (p=0.583), Still-Face#2 (p=0.636), and Reunion#2 

(p=0.837). 

 

 
Figure 24. Low negative emotionality expressed by the male (M) and females (F) during the FFSF procedure. (SF_1: Still-

Face#1; R_1: Reunion#1; SF_2: Still-Face#2; R_2: Reunion#2). The bars represent the confidence interval. 

4.2.2.3. Sex differences in high negative emotionality during FFSF  

Mixed ANOVAs showed a small significant main effect for phase (F(4,276)=15.67 p<.001 𝜂2= 

.092): high negative emotionality was significantly different during the FFSF procedure 

(Figure 25). A small significant phase*sex interaction was found (F(4,276)=2.88 p=0.023 𝜂2= 

.017). No significant main effect of sex was found (F(1,69)=0.137 p=0.712).  

Post hoc analysis by Tukey Test for phase showed that high negative emotionality was 

significantly higher in R#1 than SF#2 (p=0.003). No significant difference in high emotionality 
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expressed by the infant were found between SF#1 and R#1 (p=0.670), and between SF#2 

and R#2 (p=0.992). Comparing SF#1 and R#1 and SF#2 and R#2, the levels of high 

emotionality were significantly lower in the first two than in the second phases (SF#1 vs 

SF#2: p<.001; R#1 vs R#2: p=0.004).  

 

 
Figure 25. Low emotionality expressed by the infants during the FFSF procedure. (SF_1: Still-Face#1; R_1: Reunion#1; 

SF_2: Still-Face#2; R_2: Reunion#2).  

The post hoc analysis using Tukey Test for phase*sex interaction revealed that males and 

females showed no significant differences (Figure 26) in high emotionality in Play (p=0.991), 

Still-Face#1 (p=0.998), Reunion#1 (p=1.000), Still-Face#2 (p=1.000), and Reunion#2 

(p=0.763). 

 
Figure 26.  High Negative emotionality expressed by the male (M) and females (F) during the FFSF procedure. (SF_1: 

Still-Face#1; R_1: Reunion#1; SF_2: Still-Face#2; R_2: Reunion#2). The bars represent the confidence interval. 

4.2.2.5. Sex differences in low vs high negative emotionality during FFSF  

Mixed ANOVAs on high and low emotionality expressed showed a small significant main 

effects of phase (F(4,276)= 47.5915 p<.001 𝜂2= .093) and large main effect of emotionality 
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(F(1,69)= 46.1698 p<.001 𝜂2= .137), and a small interaction effect of phase*emotionality 

(F(4,276)= 21.5711 p<.001 𝜂2=.064). Also, there was a small significant interaction effect of 

phase*emotionality*sex (F(4,276) = 4.8218 p< .001 𝜂2= .014). The phase*sex interaction effect 

was not significant (F(4,276)= 1.2127 p=.306), as well as emotionality*sex interaction (F(1,69)= 

0.0106 p=0.918). No main effects of sex was found (F(1,69)=0.513 p=0.476). 

Infants showed more low negative emotionality than high negative emotionality (Figure 27) 

during the Play (p<.001), Still-Face#1 (p<.001), Reunion#1 (p<.001), and Still-Face#2 

(p<.001). No significant different was found between low and high negative emotionality in 

Reunion#2 (p=1.000). 

 

Figure 27. Low vs High emotionality expressed by the infants during the FFSF procedure. (SF_1: Still-Face#1; R_1: 

Reunion#1; SF_2: Still-Face#2; R_2: Reunion#2). The bars represent the confidence interval. 

No significant sex differences on low and high emotionality expressed during the Play (Low: 

p=1.000; High: p=1.000), Still-Face#1 (Low: p=0.880; High: p=1.000), Reunion#1 (Low: 

p=0.911; High: p=1.000), Still-Face#2 (Low: p=1.000; High: p=1.000), and Reunion#2 (Low: 

p=0.984; High: p=0.965) was found (Figure 28). 

 

 
Figure 28. Low vs High emotionality expressed by the male (M) and females (F) during the FFSF procedure. (SF_1: Still-

Face#1; R_1: Reunion#1; SF_2: Still-Face#2; R_2: Reunion#2). The bars represent the confidence interval. 



69 

 

4.2.3. Infants neurodevelopment at 6 and 12 months of life   

Infant neurodevelopment was assessed at 6 months (N=72; M=34; F=38) and 12 months 

(N=60; M=30; F=30) of life. Descriptive analysis for males and females infants’ 

neurodevelopment are reported in the Tables 9 and 10. The Bayley test is a 

neurodevelopmental standardized scale. The normative range for cognitive, language, 

motor, socioemotional and adaptive behavior is from 85 to 105 scores. At 6 months of age 

(Table 9) all mean developmental areas scores fell within the normative range (Cognitive: 

M=105.2, SD=9.63; Language: M=87.9; SD=9.30; Motor: M=102.9; SD=12; Socioemotional: 

M=100.3; SD=13.64; Adaptive Behavior (GAC): M=106.7; SD=12.39). 

 

 Male Female 

 T3 T3 T3 T3 T3 T3 T3 T3 T3 T3 

 COGN LANG MOT SE BEHAV COGN LANG MOT SE BEHAV 

N 34 34 34 34 34 38 38 38 38 38 

Mean 

(sd) 

105.5 

(9.78) 

89.5 

(9.06) 

100.4 

(11.40) 

98.8 

(14.31) 

107.1 

(13.08) 

104.9 

(9.62) 

86.4 

(9.40) 

105.1 

(12.23) 

101.6 

(13.07) 

106.3 

(11.90) 

Min – 

Max 

80 

125 

71 

109 

79 

124 

65 

125 

72 

129 

85 

125 

71 

115 

76 

127 

70 

125 

83 

131 

Table 9. Neurodevelopmental score at 6 months of age (T3) in Males and Females. COGN: Cognitive; LANG: Language; 

Mot: Motor; SE: Socioemotional; BEHAV: Adaptive Behavior. The normative range for each scale is 85-115. 

At 12 months of age (Table 10) all mean developmental areas scores fall within the 

normative range (Cognitive: M=103.3, SD=9.10; Language: M=88.5; SD=7.68; Motor: 

M=92.7; SD=10.24; Socioemotional: M=102.3; SD=15.16; Adaptive Behavior (GAC): 

M=99.5; SD=13.53).   

 Male Female 

 T4 T4 T4 T4 T4 T4 T4 T4 T4 T4 

 COGN LANG MOT SE BEHAV COGN LANG MOT SE BEHAV 

N 30 30 30 30 30 30 30 30 30 30 

Mean 

(sd) 

103 

(8.58) 

88.6 

(6.78) 

91.3 

(9.17) 

100 

(11.4) 

96.4 

(12.4) 

104 

(9.68) 

88.4 

(8.60) 

94.1 

(11.2) 

105 

(18.1) 

103 

(14.1) 

Min – 

Max 

80 

120 

77 

103 

76 

107 

80 

130 

62 

128 

80 

120 

65 

112 

73 

121 

60 

140 

71 

136 

Table 10. Neurodevelopmental score at 12 months of age (T4) in Males and Females. COGN: Cognitive; LANG: Language; 

Mot: Motor; SE: Socioemotional; BEHAV: Adaptive Behavior. The normative range for each scale is 85-115. 



70 

 

Mixed ANOVAs was performed to compare infant neurodevelopment at 6 and 12 months of 

life in male and females. Small and large significant main effects were found in terms of 

timing (F(1,55)=10.545, p=0.002, 𝜂2=.013) and effect of neurodevelopmental areas 

(F(4,220)=35.007, p < .001,  𝜂2=0.207),  respectively. Also, a small timing*neurodevelopmental 

area interaction effect (F(4,220=9.372, p < .001, 𝜂2=0.033) and timing*sex interaction just 

missed significate (F(1,55)=3.502, p=0.067, 𝜂2=0.004) were found. No significant 

neurodevelopmental area*timing*sex was found (F(4,220)=0.537, p=0.709) as well as no a 

sex effect (F(1,55)=1.58, p=0.214, 𝜂2=0.004). Male and females showed no differences in 

neurodevelopmental scores at the different stages of development.  

The post hoc analysis revealed a significant decrease in neurodevelopmental scores (Figure 

29) between 6 and 12 months (p=0.002).  

 
Figure 29. Main effect of timing on neurodevelopmental score at 6 and 12 months of age. The bars represent the confidence 

interval. 

As reported in the Figure 30, considering the neurodevelopmental areas, cognitive scores 

were lower than language (p<.001) and motor scores (p<.001); language scores were lower 

than motor (p<.001), socioemotional (p<.001) and adaptive behavioral scores (GAC, 

p<.001). Finally, motor scores are lower than adaptive behavior scores (p=0.041). No 

significant differences were found comparing cognitive and socioemotional (p=0.449) and 

adaptive behavioral scores (p=0.858); motor scores with socioemotional scores (p=0.246), 

and between socioemotional scores and adaptive behavioral scores (p=0.945).  

The post hoc analysis refers to timing*neurodevelopmental areas interaction showed that 

there was significant difference between motor and adaptive behavioral scores at 6 and 12 

months of age: motor scores at 6 months significantly decrease at 12 months of age (p<.001) 

such as the adaptive behavioral scores (p=0.020). No significant differences between 6 and 
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12 months of age were found in cognitive (p=0.960), language (p=1.000), and 

socioemotional scores (p=0.917).  

The post hoc analysis using Tukey Test for the slightly timing*sex interaction revealed no 

sex differences between males and females at 6 (p=1.000) and 12 months of life (p=1.000).  

 

Figure 8. Timing*Neurodevelopmental_area interaction effect. COGN: Cognitive; LANG: Language; Mot: Motor; SE: 

Socioemotional; BEHAV: Adaptive Behavior. The bars represent the confidence interval. 

4.3. Interaction between EDCs levels and Infants neurodevelopmental outcomes 

In this cohort of women, Bisphenols and Parabens values above LOD were detected at 

different timing of the study in BM and Maternal Urine (Table 11). For each sample, the 

mean of concentration scores obtained by the aliquots was calculated and were reported 

in the Appendix 2. 

EDCs 

compound 

Breastmilk Maternal Urine 

>LOD (%) >LOD (%) >LOD (%) >LOD (%) >LOD (%) >LOD (%) 

T0 T1 T2 T0 T1 T2 

BPA - 99,99% 100% 99,99% 95% 99,99% 

BPS - 23,07% 85,61% 37,5% 37,50% 70% 

MePB - 99,99% 100% 100% 99,99% 99,99% 

EtPB - 87,50% 100% 75% 99,99% 93,75% 

PrPB - 57,33% 100% 50% 80,94% 77,13% 

BzPB - 13,33% 100% - - - 

iBuPB - - 100% - - - 

Table 11. Percentage of the sample above the limit of detection (LOD) in Breastmilk and Maternal Urine samples at 
different timing of the study: pregnancy (T0), at 1 months (T1) and 3 months (T2) after birth. 

3.2.1. Bisphenols in breastmilk and in maternal urine and infant growth parameters 
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Breastmilk. BPS levels at 1 month of age showed a significant overall interaction effect with 

AGD 2 in females (F(4,4)= 6.05 p= 0.055 𝜂2=0.492) considering the AGD2 growth from birth 

to 12 months of age. Significant interaction effects did not emerge when single timepoints 

were analyzed. Finally, no significant interaction effect were found between BPA and BPS 

levels and infant growth parameters (see the Appendix 3).  

Maternal urine. A significant body weight*BPS interaction effects was found considering the 

BPS levels at 3 months of age (F(4,60)=2.989 p =0.026 𝜂2=0.009) in relation to body weight 

from birth to 12 months of age. There was an overall effect of BPA concentration levels at 3 

months of age on infant body weight, but no significant effect when single timepoints were 

considered separately.  A significant interaction effect of BPS levels at 3 months and AGD2 

(F(4,44)=7.10 p= < .001 𝜂2=0.093) was found when BPS concentration levels was considered 

in overall. Analyzing each timepoints separately, no significant interaction effects of BPS 

was found with AGD2 growth from birth to 12 months of age. Finally, males whose mothers 

showed BPA levels during pregnancy (F(4,52)= 5.09 p=0.002 𝜂2=0.066) showed an overall 

significant effect on AGD1. More specifically, a negative relation was found between BPS 

levels during pregnancy and AGD1 at 12 months of ages (b1= -.033 p=.009). No other 

significant interaction effect was found (see the Appendix 3).   

3.2.2. Bisphenols in breastmilk and in maternal urine and infant emotionality during the 

FFSF  

Breastmilk. A large significant BPS*negative emotionality interaction effect was found 

considering the BPS in BM levels at 1 months after delivery (F(4,16)= 4.62 p =0.011 𝜂2=0.196). 

In particular, there was an increase of negative emotionality displayed by the infants during 

the Still-Face #1 (b1= 21.77 p= .034) and Reunion #1 (b1= 46.431 p= .051) in relation to 

increased BPS concentration levels. Also, a small overall interaction effect emerged 

between BPS levels at 1 months and the high emotionality expressed by the infants during 

the FFSF (F(4,16)=3.10 p=0.046 𝜂2=0.096). When each FFSF phases were considered in 

relation to BPS levels, a significant positive relation was found in that increased BPS 

concentrations were associated to an increase of high emotionality during the Still-Face #1 

(b1= 875,382 p= .017) and the Reunion #1 (b1= 878,551 p= .003).  

Urine. A significant overall interaction effect between negative emotionality and BPA levels 

measured at 3 months was found (F(4,32)= 2.706 p =0.048 𝜂2=0.106). A negative interaction 

was found between BPA levels at 3 months of age and negative emotionality expressed 

during the Reunion #2 phases (b1= -2.211 p= .005): increased BPS concentration levels 
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were associated with decreased negative emotionality displayed during the last phase of 

FFSF. No other significant association emerged from the analysis. Considering the high 

emotionality, only a significant overall interaction effect emerged with BPS levels at 3 months 

(F(4,40)= 0.260 p= 0.05 𝜂2=0.041). 

3.2.3. Bisphenols in breastmilk and in maternal urine and infant neurodevelopment  

Breastmilk. No significant interaction effects between BPA and BPS levels at 1 and 3 months 

after delivery were found for all neurodevelopmental area assessed (see the Appendix 3). 

Urine. Considering BPA levels at 3 months after delivery, there was a small overall 

significant BPA interaction effect with adaptive behavioral development (F(1,6)=6.07 p =0.049 𝜂2=0.104) but no significant effect emerged when BPA concentration levels was considered 

separately for each timepoints. Also, there was an overall significant interaction effect 

between BPS levels during pregnancy and cognitive development (F(1,5)=8,641 p =0.032 𝜂2=0.129). 

3.2.4. Parabens in breastmilk and in maternal urine and infant growth parameters 

Breastmilk. A large significant interaction effect was found between the overall BzPR levels 

at T1 and AGD2 in females (F(4,12)=3.56 p =0.039 𝜂2=0.261).  

In males, there was a significant small interaction effect between EtPB levels at 1 months 

after delivery and AGD1 growth parameters (F(4,32)=2.75 p =0.045 𝜂2=0.073), only 

considering the overall effects. Considering the AGD2 parameter and parabens levels 

measured at 3 months, there was a small overall significant interaction effect with PrPB 

levels (F(4,32)= 4.63 p =0.005 𝜂2=0.125) as well as an overall tendency that missed 

significance to an interaction with MePB levels (F(4,44)=2.53 p =0.053 𝜂2=0.062).  

Urine. An interaction effect that just missed significance was found between MePB levels in 

maternal urine at T2 and AGD1 (F(4,48)=2.46 P=0.058 𝜂2=0.051) in male infants. Because of 

the small sample data it was not possible to build the model to analyze the effect direction. 

3.2.5. Parabens in breastmilk and in maternal urine and infant emotionality during FFSF 

procedure  

Breastmilk. A significant EtPB*negative emotionality interaction was found at 1 months after 

birth (F(4,32)= 4.05 p =0.009 𝜂2=0.121). During the Play phase, a negative interaction effect 

was found with the increased EtPB concentration levels associated to decreased negative 

emotionality at the baseline of FFSF (β= - 112,193 p= .032). Nonetheless, during the Still-
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Face #1, a positive interaction between EtPB levels and negative emotionality emerged. 

Therefore, infants exposed to higher levels of EtPB displayed more negative emotionality 

during the first Still-Face phase (b1= 96,347 p= .036). No other specific interaction effects 

were found. At the same timepoints, there was a small interaction effect between PrPB 

levels and negative emotionality (F(4,28)=  3.19 p = 0.028 𝜂2=0.120) considering the 

concentration levels in overall. Specific negative interaction effect was found only between 

PrPB levels and negative emotionality expressed during the Reunion #2 phase increased 

PrPB levels in BM was associated to decrease of negative emotionality displayed by the 

infants (b1= - 215,939 p= .047).  

Moreover, focusing on parabens levels at 3 months and low negative emotionality, there 

was a small significant overall interaction effect with MePB levels (F(4,40)=2.81 p =0.038 𝜂2=0.051) and a not significant interaction with iBuPB levels (F(4,24)=2.69 p =0.055 𝜂2=0.076) 

both considering the iBuPB levels and low negative emotionality overall and separately. A 

positive interaction was found between iBuPB concentration levels in BM and low negative 

emotionality displayed; higher levels of iBuPB in BM were associated to increased low 

negative emotionality during the Reunion #1 (b1= 15267,229 p= .009). No other specific 

interaction effects were found (see the Appendix 3).  

Urine. Exposure to PrPB during pregnancy showed a significant interaction with high 

emotionality (F(4,4)= 358.205 p  <.001 𝜂2=0.700) both considering the overall interaction effect 

and specific interaction effect. Significant positive interaction effect were found considering 

PrPB concentration levels and each FFSF phases; increased PrPB levels were associated 

to increased high negative emotionality displayed during the Still-Face #1 (b1= .161 p= .001), 

Reunion #1 (b1= .047 p= .001), Still-Face #2 (b1= .024 p= .001), and Reunion #2 (b1= .984 

p= .032). 

3.2.6. Parabens in breastmilk and in maternal urine and infant neurodevelopment  

Breastmilk. The PrPB levels at 1 and 3 months after birth showed a significant interaction 

with socioemotional development (T1: F(1,5)= 6.6478 p =0.050 𝜂2=0.177; T2: F(1,6)= 7.80 p 

=0.031 𝜂2=0.180). Focusing on specific interaction effects, a positive trend was found 

between increased PrPB levels at 1 months after birth and increased socioemotional 

developmental scores at 12 months of age (b1= 16,727 p= .068). A significant positive 

interaction effect was found between PrPB levels in BM at 3 months after birth and 

socioemotional developmental scores at 12 months of age (b1= 301,281; p= .045): increased 
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PrPB levels in BM were associated to higher socioemotional developmental scores at 12 

months. No other specific interaction effect was found (see the Appendix 3).  

Focusing on the parabens compounds levels at 3 months after birth, we found a large 

significant interaction effect between EtPB and motor development (F(1,6)= 7.53 p = 0.034 𝜂2=0.174). Specifically, a negative interaction effect was found between EtPB and motor 

developmental scores at 12 months of age increased EtPB levels were associated to 

decreased motor scores at 12 months of age (b1= -506,091 p= .005). No significant specific 

effect of EtPB on motor developmental scores at 6 months was found (b1= 513,704 p= .211).  

Also, a significant interaction between BzPB levels and socioemotional development (F(1,6)= 

5.59 p =0.056 𝜂2= 0.150) was found, but only when considering the overall effects.  

Urine. A significant interaction effect was found between EtPB levels at 1 months after birth 

and language development (F(1,7)=5.619 p =0.050 𝜂2=0.146). Specifically, the positive 

interaction effect was found between EtPB levels at 1 months of age and language 

developmental score at 12 months of age (b1= 5,913 p= .011): increased EtPB concentration 

levels were associated to higher language score at 12 months of age. 

3.3. Interaction between mother-infants lifestyle and nutritional habits and infants 

neurodevelopmental outcomes.  

3.3.1. Maternal lifestyle and nutritional habits and infant growth parameters 

A slightly significant interaction effect was found between infant body weight and maternal 

kitchen habits during pregnancy (F(4,248)= 2.31 p=0.059 𝜂2= 0.010). The overall effect was 

confirmed by a significant single interaction between maternal kitchen habits during 

pregnancy and infants’ body weight at 3 months of age. More specifically, there was a 

negative trend with increased use of plastic in kitchen habits associated to lower infant body 

weight at 3 months of age (b1= - 1004.698 p= .027). No other specific interaction effects 

emerged when considering separately each timepoints. A small significant interaction effect 

was found between maternal lifestyle at 3 months of age and the AGD2 parameters in 

females (F(4,100)= 2.49 p =0.048 𝜂2=0.041), but only considering the overall effect. No 

significant interactions were found considering the other growth parameters in both sexes 

(see the Appendix 3).  

3.3.2. Maternal lifestyle and nutritional habits and negative emotionality during the FFSF 

A significant overall effect of kitchen habits during pregnancy on negative emotionality 

expressed by infants during the FFSF at 3 months of agev was found (F(4,236)= 2.503 p= 
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0.043 𝜂2=0.013). No other significant effects were found between maternal lifestyle, 

nutritional habits and infant negative, low- and high- negative emotionality expressed during 

the FFSF (see the Appendix 3). 

3.3.3. Maternal lifestyle and nutritional habits and infant neurodevelopment 

A significant interaction effect between pre-natal maternal kitchen habits and infant cognitive 

development was found (F(1,52)= 6.00 p = 0.018 𝜂2=0.031): the increase of use of plastic 

products was associated to the cognitive developmental scores in overall. Also, a positive 

interaction effect between the use of personal care products at 1 month after birth and infant 

motor development was found (F (1,48)= 6.544 p =0.014 𝜂2=0.035 β= 14.637 p= .017): 

increased use of personal care products was associated to increased of motor 

developmental scores at 6 months of age, but no significant association emerged at 12 

months of age (b1= -4.188 p= .435). 

3.3.4. Infant nutritional habits and infant growth parameters 

There was a significant interaction effect between BM nutritional habits at 3 months of age 

and infants body weight (F(4,212)= 7.040 p< .001 𝜂2=0.003). There was a negative interaction 

between BM nutritional habits at 3 months of age and infant body weight at 6 months of age 

(b1= -1544,87 p= .004) increased use and frequency of breast pump, baby bottle, nipple 

shield, and plastic packaging showed a positive interaction with increased body weight at 6 

months of age. No other specific interaction effects were found. Also considering the AM 

nutritional habits a significant interaction effect with body weight was found at the same 

timepoints (F(4,212)=6.389 p  < .001 𝜂2=0.002). Specifically, a negative interaction effect was 

found between AM nutritional habits at 3 months of age and infant body weight at 6 months 

of age (b1= -874,349 p= .015). In the other timepoints there were no significant interaction 

effect.  

Moreover, in males small significant interaction effects were found between the infant 

nutritional habits through BM and AM at 3 months of age and AGD1 (BM_T2: F(4,108)=3.71 p 

=0.007 𝜂2=0.055; AM_T2: F(4,108)=3.89 p =0.005 𝜂2=0.048). Specifically, a negative 

interaction effect was found between BM nutritional habits and AGD1 at 3 months of age 

(b1= -1,144 p= .048) and positive interaction effect emerged at 12 months of age (b1= 1,175; 

p= .032).  No other significant specific interaction effects were found.  

In females, a significant interaction effect of nutritional habits at 1 month of age and AGD1 

was found (BM_T1: F(4,116)= 2.56 p =0.042 𝜂2=0.047; AM_T1: F(4,116)= 3.89 p =0.005 
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𝜂2=0.069). There was a positive interaction effect between the BM nutritional habits and the 

AGD1 growth parameters at 6 months of age (b1= 1,579; p= .010) as well as AM nutritional 

habits and the AGD1 growth parameters at 6 months of age (b1= -2,119 p= .002).  

3.3.5. Infant lifestyle and infant growth parameters  

The infant lifestyle at 1 months of life showed a significant overall interaction effect with the 

AGD2 parameters in females (F(4,116)= 3.04 p =0.002 𝜂2=0.043) even if the effect size was 

small. No other significant effects were found between infant lifestyle and body weight, 

AGD1 in both sexes and AGD2 in females (see the Appendix 3). 

3.3.6. Infant lifestyle and infant negative emotionality during the FFSF   

No significant effects emerged between the infant lifestyle at 1 and 3 months of life and 

negative emotionality displayed during the FFSF (see the Appendix 3). 

3.3.7. Infant lifestyle and infant neurodevelopment 

The infant lifestyle at 1 month of life was slightly significantly associated to infant cognitive 

development (F(1,50)= 4.00 p =0.051 𝜂2=0.021) in overall, but no specific interaction effects 

was found when single timepoints were analyzed. No other significant interaction effects 

were found for the other areas of development assessed (see the Appendix 3). 
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4. GENERAL DISCUSSION 

In 2019 the European Commission Life Programme funded The Life-MILCH Project, a 

longitudinal pilot study coordinated by the University of Parma that aims to determine the 

association between levels of maternal milk contamination/exposure to EDCs and infants’ 

growth, development,  and neurobehavioral health in two Italian regions: Emilia Romagna 

and Sardinia. The aim of the project is to develop evidence-based, effective intervention 

strategies to reduce exposure of the mother-infant dyad to environmental EDCs. 

This 5-year project encompasses three phases of screening on the vulnerable population of 

mothers and infants. The aim of the first screening phase is to elaborate a risk assessment 

model (Figure 2, Chapter 1) to correlate maternal lifestyle and nutritional habits during and 

after pregnancy with EDC levels in breastmilk and in the infants, and with infant physical 

and neurobehavioral development in the first year of life. 

Breast milk is indeed the most important nutrition source for infants, and it plays a key role 

in infant development. The composition of human milk includes endogenous and exogenous 

substances, including endocrine disrupting chemicals (EDCs). EDCs are man-made 

environmental chemicals that tend to accumulate in different tissues becoming, also at low 

doses, a potential risk factor for the infant development, though some of their effects may 

not be apparent until much later in life. EDCs can be considered a class of stressor that can 

disrupt the programming of endocrine signaling pathways during development, leading to 

an impairment of reproductive, neurobehavioral, metabolic, and immunologic systems, 

growth, and physiology development. EDCs are present in soil, water, air, food, household 

products and packing materials, as well as substances used in the past and currently in 

industry and agriculture (Massart et al., 2005), that tend to accumulate in different tissues 

and to transfer between these. Therefore, these substances may affect growth and 

developmental processes by altering homeostasis or action of endogenous hormones and 

increase the risk of disease across the lifespan (Braun, 2016, Botton et al., 2017; Rivollier, 

2019; Roncati et al., 2016; Shung et al., 2011).   

Mothers can be exposed to these substances through different sources such as diet, 

occupational environment, or personal habits. Chemicals can be stored in the mother’s body 

and transferred to the infants during pregnancy and after birth through placenta and breast 

milk, respectively. During pregnancy (prenatal period) chemicals can be transferred to 

infants through transplacental absorption in utero; from birth to the early months of life the 

infant can be exposed to EDCs via breastfeeding, in which the accumulation of EDCs in the 
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maternal body is excreted by maternal milk (Harris et al., 2001). Therefore, through 

breastmilk chemicals can pass from mother to infants and exert their actions.  

The relevance of this process is related to the stage of development in which it occurs. The 

concept of fetal origin of adult disease (DOHaD) is blooming in all fields of medicine, 

including reproduction, hormone dependent cancers, cognitive and mental health, growth, 

metabolism, or immune system disturbances. Pregnancy and the early postnatal 

development are considered a highly critical period for the long-term modulation of immune, 

reproductive, brain and metabolic function. Even if humans may be exposed to EDCs daily 

and during all stages of life, there are some sensitive and critical developmental period that 

require attention (Barker et al., 2012; Heindel et al., 2015). Similarly to the prenatal period, 

also the perinatal stage of development, in which breastfeeding occurs, can be considered 

highly critical for subsequent development. The rapid developmental changes that take 

place during the perinatal and neonatal periods, and the immature and underdeveloped 

metabolic and detoxifying systems in these phases, makes neonates highly sensitive to the 

adverse effects related to EDC exposure (Miller et al., 2002, Ladrigan et al., 2011, Street et 

al., 2018). Low concentrations of compounds cannot be adequately metabolized or excreted 

by an infant leading to negative influences on her/his development (LaKind et al. 2018, 

Chemek et al., 2019). As reported previously, the current literature highlights the possible 

negative impact of EDC exposure through breastmilk on infant health at different levels and 

timing of development. Nonetheless, a lack of homogenous, prospective and longitudinal 

studies suggests the need to improve knowledge in this field of research.  

To this purpose and through a longitudinal study approach, the Life-MILCH Project aims to 

define an evidence-based risk assessment model (Figure 2, Chapter 1) to associate 

maternal environmental exposure to EDCs during and after pregnancy with measured EDC 

levels in breastmilk and infants, and infants’ growth and neurodevelopmental parameters.  

Due to the Covid-19 pandemic the project could begin only in March 2021 at the University 

Hospital in Parma. The women were enrolled during the third trimester of pregnancy and 

the mother-infant dyads were followed from birth to the first years of life. The infants’ growth 

parameters and neurobehavioral development were assessed from birth to 1, 3, 6, and 12 

months of life. The neonatological assessment includes the standard growth parameters 

(length, head and abdominal circumference, body weight) and puberal growth parameters 

(AGD 1 and AGD 2) and puberal stages that are more sensitive to EDCs exposure because 

of their anti-androgenic action and effects (Street et al., 2018, Kahn et al., 2020). Moreover, 
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the infant neurobehavioral development assessment focused on the developmental areas 

that, according the current literature, appeared to be more sensitive to and negatively 

affected from pre and post-natal exposure to EDCs via breastmilk (Barker et al., 2012; 

Heindel et al., 2015, Kao et al., 2019b, Riva et al., 2009, Pan et al., 2009, Koopman-

Esseboom et al1996, Forns et al., 2016, Kim et al., 2017, Kao et al., 2019a, Winneke et al., 

1998; Jacobson et al., 1990; Walkowiak et al., 2001, Lin et al., 2010; Chao et al., 2011; 

Hoffman et al., 2012; Adgent et al., 2014; Gascon et al., 2012, Nishijo et al., 2014; Tai et al., 

2016, Pham et al., 2016; Tai et al., 2016).  

EDC levels measured in BM in maternal and infant urine aims to assess the mother-infant 

exposure of different chemicals that are pervasively present in the environment from 

different sources and can negatively influence health. To the best of our knowledge, this is 

the first study that longitudinally assess EDCs in mother-infant dyads from pregnancy over 

the first year of infant life. Due the COVID-19 pandemic, the first screening of the Life-MILCH 

project is still ongoing and the data collection in the Parma Hospital center finished in 

December 2022. Therefore, at present, only preliminary data on levels of PB and BP in 

maternal urine and BM as well as neurobehavioral development are available due to the still 

ongoing chemical analysis.  

The aim of this doctoral thesis is to present and describe the activities carried out in the Life-

MILCH project and illustrate the preliminary data collected at the Parma Hospital Center 

about the first assessment of the effects of pre- and post-natal exposure to EDCs, as 

measured in breastmilk and maternal/infant urine, and infant neurodevelopmental outcomes 

during the first years of life. The main maternal lifestyle and nutritional habits, the infant 

growth parameters sensitive to EDC exposure, and neurodevelopmental outcomes 

assessed at birth, 1, 3, 6 and 12 months of age and in a smaller sample of subjects are 

associated to Bisphenols and Parabens levels during and after pregnancy. Because both 

chemical and behavioral analysis are still ongoing, I present and discuss here the main 

results referred to a small sample of subjects of the Life-MILCH Project in order to illustrate 

how we are going to develop a risk assessment model.  

4.1. Bisphenol and Parabens levels in breastmilk and maternal urine and infant growth 

parameters and neurodevelopment 

The preliminary results about the concentration levels of BP and PB in BM and maternal 

urine demonstrated the widespread exposure to BP and PB in Italian mother since 

measurable levels were found in all enrolled subjects even if at different levels of 
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concentration in each time points considered. The high detection of BPA, BPS, Me-, Et,- 

and Pr-PB metabolites in BM and maternal urine indicates high exposure to these chemicals 

confirming and extending data from studies in other European and non-European countries 

(Iribarne-Duràn et al., 2022; Zhang et al., 2023; Tait et al., 2021; Carli et al., 2022). The 

European Commission (EFSA) and the US Environmental Protection Agency (EPA) have 

restricted the use of these chemicals in food packaging and personal/environmental care 

products, but they are still present in many consumer products (Commission Regulation EU, 

2011; EFSA J. 2008, 2015). Moreover, there is a lack of studies or limited number of subjects 

included in the studies that aim to bio monitor the chemical exposure. The Life-

PERSUADED (La Rocca et al., 2018) was the first large biomonitoring study designed to 

establish the exposure to Phthalates and Bisphenols in the Italian population. Focusing on 

BP, our preliminary results confirm the previous Italian data (Carli et al., 2022a, 2022b; Tait 

et al.. 2021) suggesting the need to prevent the chemical exposure to EDCs through specific 

prevention measures to enhance the quality of mother-infants life and the benefits of 

breastmilk. Nonetheless, the concentration levels of BP and PB found in our samples have 

to be considered with caution: further analysis are request in order to: (i) adjust the EDCs 

concentration to creatinine content at each time points and (ii) compare the concentration 

levels with the women BMI at different timing of sample collection.  

The presence of BP and PB concentration levels in the samples collected can be a possible 

consequence of lifestyles, eating habits or environmental contamination that can be 

associated with contact, plastics as the main source of exposition through the lifestyle and 

nutritional habits of the women included in the study. In this study, specific questionnaires 

about lifestyle and nutritional habits were administered. The aim of the questionnaires was 

to investigate the possible sources of exposition to EDCs in order to associate them to EDC 

concentration levels in BM and urine samples. The Life-MILCH Project aim to analyze 

different chemical compounds (see section 2.11) that could be associated to the  lifestyle 

and nutritional habits investigated. The chemicals analysis of all compounds included are 

still ongoing. At the time of this doctoral thesis, only the analysis of BP and PB concentration 

levels are available. BP and PB are widely present in cosmetics, perfumes, personal care 

products and food packaging, from which they can easily pass to food (Bolognesi et al., 

2015; Fisher et al., 2019; EFSA 2008). The data on lifestyle and food consumption habits 

as possible determinants of exposure in association to EDCs concentration levels could 

support and better explain the relations between environmental exposure to EDCs and 

concentration levels in BM and maternal urine. Our preliminary results about the lifestyle 
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and nutritional habits of women show significant differences in terms of use of personal and 

home environmental care products as well as use of plastic packaging and accessories in 

the kitchen and nutritional habits that could be associated to the EDC concentration levels 

found and their variations in the time points considered. Nonetheless, the small sample size 

available for this preliminary analysis makes difficult to investigate the association between 

the variation of lifestyle and nutritional habits and the EDCs concentration levels.  Therefore, 

at this time we can only assume that lifestyle and nutritional habits could be associated to 

EDC concentration levels found in BM and maternal urine, confirming the existing data from 

the literature. However, furthers analysis are required to better understand: (i) the relation 

between lifestyles and nutritional habits and EDCs concentration levels; (ii) the presence of 

distinct lifestyle and nutritional habits pattern, which may be associated to different 

concentration levels detected.  

Focusing on the interaction effect of BP and PB on infant growth parameters and 

neurodevelopment, our preliminary results suggest interesting perspectives. For all the 

chemicals considered, significant interaction effects were found between BP and PB in 

breastmilk as well as in maternal urine. The studies about EDCs and health consequences 

often uses maternal urine as biomarker to assess the EDCs levels of exposure. In contrast, 

few studies focus on breastmilk as biomarker of chemical exposure in relation to infants’ 

health. Our preliminary results highlight the possibility to consider breastmilk as an important 

biomarker to assess EDC exposure. Even though our results are preliminary and should be 

interpreted with caution, they suggest breastmilk as a potential source of EDC exposition for 

the infant, thus highlighting the need to promote specific intervention actions and public 

recommendations for best practices for reducing EDCs in the environment. Breastmilk is the 

main nutrition source for infants during the first year/s of life and it contains many 

components that had critical roles in infants’ early growth and development (Ballard et al., 

2013, Mosca et al., 2017, Eriksen et al., 2018). Nonetheless, the persistent presence of 

chemicals in the environment results in their presence also in breastmilk that can transfer 

them from mothers to infants with consequences on infant health (Chemek et al., 2019, 

Anderson et al., 2000, Nelson et al., 2019). These preliminary findings highlight the 

importance of prevention actions in order to lower environmental exposure to pollutants in 

mothers and infants and to improve their health. 

Considering the breastmilk as route of exposure, our findings showed that anogenital 

distance (AGD) was associated to post-natal BPs and PBs concentration levels in males 
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and females. These associations emerged also considering the levels of these chemicals in 

maternal urine during and after pregnancy and body weight. Further analysis could better 

explained how the BP and PB levels affect the AGD growth as well as if there is a correlation 

between maternal urine and BM concentration levels. The AGD, the distance between the 

anus and genital (scrotum or penis in males, clitoris or fourchette in females) is a sensitive 

biomarker of prenatal androgen action because of it reflects the androgenicity of the utero 

environment (Kahn et al., 2020). In addition, the fetal and infant growth have been 

associated to chemical exposure (Street et al., 2018). Different studies showed an 

association between pre- and post-natal exposure to EDCs, AGD in males and females 

(Jensen et al., 2021, Street et al., 2018, Nelson et al., 2019) and infant body weight, despite 

with heterogeneous evidence. Our preliminary results confirm an interaction between 

chemical exposure and AGD in males and females as well as on infant body weight. Further 

analysis on a larger sample will lead to better understand the effect size and the timing of 

development when these interaction effects are more significantly.  

Pre- and post- natal exposure to BP and PB influenced infant neurodevelopment in different 

areas assessed, except for the visual preference paradigm administered at 1 month of age 

that could not be considered for the analysis. The analysis of the infant visual preference for 

faces at 1 months of age was not performed in relation to BP and PB concentration levels 

because of the small sample size. Therefore, we discuss the preliminary results focusing on 

the visual preference for faces at 1 month of age in the light of two different potential indexes 

of visual preference: (i) total time spent to look the stimuli during the trials; (ii) the first fixation 

orientation in both trials. Moreover, (iii) the total duration of looking time spent for upright 

and upside-down faces in both trials was analyzed as attentional measures.  

The VPP is a well-known paradigm used in the infant cognition studies. The presence of 

spontaneous preference for faces in the early life is well documented, specially referring the 

first 24h after birth. Indeed, at birth, the infants show preferences for face and stimuli like 

face-configuration when present in contrast to upside-down face (Johnson & Morton, 1991, 

Johnson et al., 1992, Turati et al., 2002, Macchi Cassia et al., 2004, Simion et al., 2015, 

Valenza et al., 1996). If this effect is present in the first 24h after birth and the literature in 

this field is consistent, during the first months of life the spontaneous preference for face is 

not always confirmed. Studies that investigated the development of face perception in the 

early infancy have obtained inconsistent results. The preference for faces at birth appear to 

be independent of experiences (de Schonen et al., 1989, Johnson & Morton 1991, Simion 
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et al., 2007) and showed by the infants in all conditions in which the face is compared to 

other visual stimuli, but the same preference has not been reported consistently in the 2 

months following the newborn period. Some studies reported a face preference in 3-months-

old infants when comparing images of faces to scrambled or upside-down faces (Ichikawa 

et al., 2006; Simion et al., 2007; Turati et al., 2005). On the other hand, a number of other 

studies found no clear preference for face in 1–3-month-olds infants (Chien, 2011; 

Dannemiller & Stephens, 1988; Keller & Boigs, 1991; Maurer & Barrera, 1981). Collectively, 

the literature in this field of research suggests the existence of two different visual pathways 

of face processing, the sub-cortical and the cortical visual pathways that are respectively 

responsible of the face processing and preference as innate preference at birth and more 

sophisticated face-processing abilities at few months of age (Johnson et al., 1991, Mandloch 

et al., 1999; Johnson, 2005; Maurer & Barrera, 1981). Moreover, it has been hypothesized 

the presence of U-shaped behavioral change for face preference from birth to three months 

of age (Nakano et al., 2014). Specifically, neonates are born with a preference for upright 

face (Johnson et al., 1991; Mondloch et al., 1999; Macchi Cassia et al., 2004) that is driven 

by innate subcortical network able to discriminate face orientation at birth. During the first 

two months of age, there is a transient loss of this preference that may be ascribed to a 

conflict between the subcortical and cortical pathways with the consequent absence of 

upright face preference. By three and six months of age there is a subsequent recovery of 

the preference that can be considered as the result of an establishment of coordination 

between subcortical and cortical systems (Johnson et al., 1991; Maurer & Barrera, 1981), 

both of which are functional into adulthood (Nakano et al., 2014). In the same way, the 

literature in this field of research highlights also the role of the experience in the first months 

of life. Indeed, the development of face processing could be explained in terms of 

experience-expectant processes. The early experiences during the sensitive and critical 

period of development providing the basis for the development of face processing and the 

subsequent specialization for human face. Therefore, if at birth the infants show an innate 

preference for human face, the subsequent early exposition in everyday life contributes to 

shape the development of neural structure and circuits involved in the face processing 

becoming specialized for specific faces (Nelson, 2011, 2003; Johnson, 2000; Johnson & de 

Haan, 2001).  

In this thesis, the VPP was analyzed following the standard approach. No visual preference 

for upright faces at 1 month of age emerged. Nonetheless, focusing on the first fixation 

orientation in both trials we found that infants looked more the upright face as first fixation 
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rather the upside-down face. Even if the data should be considered preliminary also because 

of the small sample size included in this thesis, these results are promising and allow us to 

suggest some considerations that further analysis could better explain. On one side, the 

absence of clear preference of upright face at 1 month of age could be attributed to the U-

shape changes and the subsequent transient loss of face preference occurring during the 

first two months of life when the development of the neural structures involved are still 

ongoing. On the other side, one might argue that the absence of significant differences 

between total duration of fixation in both trials could be also attributed to the infants who did 

not perceive differences between the two stimuli and therefore did not discriminate against 

them. This is also the limit of the preference paradigm. However, the analysis of the first 

fixation orientation as index of visual preference revealed that in both trials the infants looked 

the upright face as first fixation rather the upside-down face, suggesting a visual preference 

for upright face to upside-down face. This data is supported by the VPP procedure per se: 

each trial starts with the attention getter positioned at the center of the monitor. Therefore, 

the infants’ orientation towards one of two stimuli is spontaneous such as the time that 

he/she spent to look at the stimuli during the entire procedure. Also, the same data could be 

interpreted as the result of early experience for face during the first month of life. Indeed, 

even in presence of transient loss of face preference in this period of life, we can assume 

that a residual visual preference as well as an initial specialization for face could be observed 

and that the early experience play an important role in this processing. Nonetheless, further 

analysis in a large sample could better explain these data and hypothesis. 

Finally, since pre- and post-natal exposition to EDCs could influence the attention 

processing, we analyzed the total duration of looking time spent for upright and upside faces 

in both trials as attentional measures and potential markers of attentional processes. As 

reported above, the VPP was administered using the infant control procedures. Therefore, 

the trials stopped when the infant showed clear signal of distress or inattention. Our results 

showed that there was a significant decrease in attention time spent to look at the stimuli 

between the first and second trial, but only in females. The following analysis in a larger 

sample and in relation to pre- and post-natal exposure to EDCs may allow to better 

understand the attentional processes. Also, the possibility to correlate this data with the 

attention displayed during the FAGAN test at 6 months of life will allow to investigate how 

the attentional processes changes from 1 to 6 months of life, their association with the next 

cognitive development as well as the presence of sex differences in this process.  
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Taken together, our preliminary findings of VPP open new challenges for further analysis 

and also allow to expand the behavioral approach analysis of the VPP. More specifically, 

different analysis could be conducted considering: (i) the first fixation orientation as measure 

of visual preference; (ii) total duration of looking time as attentional measures (iii) correlation 

with the data of the FAGAN test, to understand how the attentional processes changes from 

1 to 6 months of life in terms of, and their association with, cognitive development. Finally, 

in the light of the effects of EDC exposure on infant neurodevelopment, further analysis 

including a large sample allow to investigate if and how chemical exposure affects infant 

attention at 1 months of age.  

At 3 months of age, we focused on infant socioemotional stress response during the FFSF. 

The FFSF is a well-documented procedure to study the infant socioemotional stress 

response facing a social stressor (Tronick et al., 1978). This procedure allows to observe 

the infant response when a lack of contingent caregiver respond occurs (still-face effect) 

that include negative emotionality (Weinberg & Tronick, 1996; Weinberg et al 1999). In this 

thesis, the negative emotionality was considered overall as well as at different levels of 

arousal in order to micro-analytically analyze the infant socioemotional response to stress 

that will be associated with the behavioral development assessed at 12 months of age 

through the Barrier Task. Therefore, the infant socioemotional stress response assessed at 

this time points will be considered as a potential marker of temperament development in the 

infants. There are several evidences in human studies about the EDC effects on 

socioemotional development (Hoffman et al., 2012, Nishijo et al., 2014, Pham et al., 2012, 

Palanza et al., 2020). In our study, we consider this area of development in a dual way: (i) 

socioemotional response during an interactive parent-infant relationship, (ii) the 

socioemotional development assessed through the standardized scale of infant 

development. Our preliminary findings are promising. First, focusing on the socioemotional 

stress response to FFSF at 3 months, we assessed the infant emotionality considering three 

different levels, as reported in the IECS (Brambilla et al., 2021). The significant interaction 

effect of BP and PB were found between both chemicals and negative emotionality, also 

when high and low negative emotionality were analyzed separately. Nonetheless, the 

preliminary data showed contrasting results about the effect direction. Considering the 

negative emotionality in general, we found that an increase of PB and BP post-natal 

concentration levels are associated to an increase of negative emotionality during the Still-

Face#1. This positive association were also confirmed when we focused on the high 

emotionality: the infants displayed high negative emotionality during both Still-Face and 
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Reunion phases. Therefore, these preliminary data seem to confirm the association between 

EDC exposure and emotional response and socioemotional development. (Hoffman et al., 

2012, Nishijo et al., 2014, Pham et al., 2015, Palanza et al., 2020). However, an inverse 

association was found for some BP and PB compounds and negative emotionality during 

the Reunion#2 phases. Indeed, it seems that an increase of concentration levels is 

associated to a decrease of the negative emotionality displayed by the infants. Also focusing 

on socioemotional development contrasting results were found. Postnatal levels of 

chemicals influenced socioemotional development at 6 and 12 months. However, we found 

a positive association between PB concentration levels and socioemotional developmental 

scores at 12 months of age. This suggests that an increase of PB levels was associated to 

an increase of socioemotional developmental scores at 12 months of life, in contrast with 

the existing literature. Nonetheless, one might argued that the socioemotional assessment 

per se could affect the data. Indeed, parents through the socioemotional questionnaire 

assessed the socioemotional development at 6 and 12 months. Our descriptive analysis 

showed that in this area the infants obtained higher scores than the others. Therefore, next 

analysis could verify this hypothesis as well as better understand the possible association 

between chemical exposure and socioemotional development. Finally, the literature about 

the EDC effects on socioemotional development in infants show the presence of sex 

differences. Our small size sample did not allow to analyze sex differences in the interaction 

effects. Further analysis are needed in order to understand sex differences at 3 months of 

age in terms of negative emotionality expressed during the FFSF as well as the 

socioemotional development at the different timing of development considered. 

The interaction analysis about different areas of development assessed at 6 and 12 months 

of life showed significant effects of post-natal chemical exposure with cognitive, behavioral, 

motor, socioemotional, and language development as measured both in breastmilk and in 

maternal urine. However, increased PB levels at 3 months of age were associated to 

decreased motor developmental scores at 12 months of age. Even if our results should be 

considered preliminary, they confirm a general effect of postnatal exposure to EDCs on 

infant neurodevelopment, as reported in the literature (Adgent et al., 2014, Chao et al., 2011, 

Forn et al., 2016, Gascon et al., 2012, Jacobson et al., 1990, Kao et al., 2019b, Koopman-

Essebomm et al., 1996, Lin et al., 2010, Lin et al.,2012, Marques et al., 2014,Nishjio et al., 

2014, Pan et al., 2009, Pham et al., 2019, Riva et al., 2004, Tai et al., 2016, The Tai et al., 

2013, Tran et al., 2016, Winneke et al., 1988, 2005, Walkowiak et al., 2001) as well as the 

negative effects of single chemicals on specific neurodevelopmental areas. Further analysis 
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in a large sample could better explain: (i) the effect of single and mixture chemicals on infant 

neurodevelopment at 6 and 12 months of life; (ii) the effect direction in each area assessed; 

(iii) the possible associations between exposure to EDCs and infant neurodevelopment also 

correlating the other test administered. Finally, the impact of EDCs was reported in studies 

that considered both single and mixture of chemicals as reported above. In the light of these 

evidences, our findings are consistent and of interest highlighting the susceptibility of these 

developmental areas to EDC exposure as well as the sensitive periods of neonatal life for 

the infant neurodevelopment. Further analyses can help to better understand these 

interactions and clarify the timing when these effects are present as well as the possible 

effects of other compounds on the infant neurodevelopment trajectory either considering 

them individually and as mixtures. 

4.2. Mother-infants lifestyle and nutritional habits and infant growth parameters and 

neurodevelopment 

The risk model assessment that will be elaborated aims to correlate maternal and infant 

lifestyle and nutritional habits with infant neurodevelopmental outcomes and with EDC levels 

in breastmilk and in maternal and infant urine samples. To this purpose, the questionnaires 

about maternal lifestyle and nutritional habits, pre- and post-pregnancy, and infant lifestyle 

and nutritional habits were analyzed. The questionnaires were modified based on the 

previous Life-Programme research (Life-PERSUADED, La Rocca et al., 2018) and aim to 

assess the lifestyle and nutritional habits to obtain a detailed description of attitudes and 

habits that could potentially expose the mothers and infants to environmental chemicals.  

The mother-infant lifestyle and nutritional habits assessed through the questionnaires were 

analyzed referring to pregnancy and to 1 and 3 months after parturition. The aim of this 

preliminary analysis was to describe the attitudes and habits of women during and after 

pregnancy that could potentially expose them to EDCs. More specifically, we focused on 

items that are more representative of the chemicals’ presence in the everyday environment 

and we assessed if and how the mother lifestyle and diet from pregnancy to the first three 

months of life can differently affect infant growth and neurodevelopment during the first years 

of life. In the same way, considering the infant lifestyle and nutritional habits at 1 and 3 

months of age, only information about attitudes and habits in relation to possible BP and PB 

sources were considered.  

There is a robust literature demonstrating the presence of EDCs in cosmetics, household 

products, pans and cooking tools, plastic containers, electronic instrument, pacifies, 



89 

 

products of daily use, as well as in foodstuff  (Geens et al., 2012; Wong et al., 2017; Di 

Napoli et al., 2021; Di Ciaula et al., 2019; Rashid et al., 2020; Muncke et al., 2009). In 

particular, the BP and PB presence in plastic and cosmetic products is well documented 

(Melough et al., 2022; Filardi et al., 2020; Wei et al., 2021; Basak et al., 2020). Our 

preliminary analysis aims to assess whether maternal lifestyle during and after pregnancy 

and the infant lifestyle in the first 3 months of life can influence the infant 

neurodevelopmental outcomes. Therefore, we assessed the main items in the administered 

questionnaires that investigate attitudes and habits that can be considered as potential 

sources of BPs and PBs exposition (i.e., presence/absence of green areas and PVC in home 

or workplace, use and frequency about personal, home and workplace care products and 

their packaging, use and frequency of delivery and precooked foods, and use of plastic 

tableware and packaging for foodstuff consumption). The hypothesis was to find possible 

associations between mother-infant lifestyle and nutritional habits and infant 

neurodevelopment that may (i) support the preliminary data about the EDCs effects on infant 

neurodevelopmental outcomes found and (ii) suggest possible correlation with EDCs levels 

found in breastmilk and maternal urine that will be analyze with further analysis in a large 

sample.  

From pregnancy to the third months after birth, maternal attitudes and habits significantly 

changes in terms of lifestyle and use of personal/home care products as well as their 

nutritional habits. In the same way, changes in the infant lifestyle and nutritional habits were 

found. Focusing on the link between mother-infants’ attitudes and habits and infant health 

outcomes, we found significant association between pre- and post-natal maternal and 

infants lifestyle and nutritional habits and infant neurodevelopment. In general, body weight, 

AGD1 in both sexes, AGD2 in females, negative emotionality negative emotionality 

displayed during the FFSF, cognitive and motor development assessed at 6 and 12 months 

of age. Specifically, a negative association emerged between maternal kitchen habits as 

well as the infant nutritional habits on body weight. As reported above, maternal kitchen 

habits as well as the infant nutritional habits refer to the use of plastic products to prepare, 

cook and consume the foodstuff, for the mother, and the milk for the infants. Therefore, this 

preliminary data could suggest that the increase of use of these kinds of packaging could 

expose the mother and infants to more BP and PB that, transferring to the infant, may affect 

the infant body weight. A contrasting result emerged between infant nutritional habits and 

AGD 1 in female at 6 months of age: more use of plastic packaging for the preparation, 

conservation and consummation of BM and AM seems to be associated to an increase of 
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AGD1. Taken together, these results are promising. First, they partially confirmed the 

association effects between concentration levels found in BM and maternal urine and infant 

neurodevelopment found in our previous analysis suggesting that these EDCs concentration 

levels can occurs from the different environment sources considered and present in 

everyday life (Melough et al., 2022; Filardi et al., 2020; Wei et al., 2021; Basak et al., 2020). 

Second, they also showed the influence of lifestyle and nutritional habits on infant growth 

and neurodevelopment in the first year of life. In particular, considering the maternal lifestyle 

and nutritional habits as possible source of EDCs exposure, these results allow to suggest 

the possible correlation with chemical concentration levels in BM and urine sample as well 

as on infant neurodevelopment outcomes considered. However, even if these are 

preliminary findings, they open interesting questions in the light of the future analysis about 

the associations between mother-infant lifestyle and nutritional habits, EDCs levels in BM 

and urine, and infant health. First, the possibility to include more aspects than those 

considered in this work could better describe the different attitudes and habits and their 

changes in the light of potential chemical sources exposure. Second, the longitudinal data 

from pregnancy to the first years of life could clarify when these changes increasingly occurs 

and, in relation to EDCs exposure, how these changes are associated to EDCs 

concentration levels in BM and urine at different time-points considered. Finally, further 

analysis could investigate the associations between the attitudes and habits and their 

variations in mother-infants’ dyads and the infant growth and neurobehavioral development 

consequences. 

4.3. Conclusion 

The preliminary findings presented in this thesis demonstrated critical EDC effects on infant 

growth and neurodevelopment, considering both the chemicals’ levels and mother-infant 

nutritional habits as source of EDC exposure. More specifically, despite the small size 

sample included in this analysis, these results indicated that pre- and post-natal exposure 

to BP and PB could have significant interaction effects on infant neurodevelopment in the 

first year of life. Thus, a novel and greater understanding of EDCs effects on infant health 

may help to expand knowledge in this field of research. However, these preliminary results 

have to be considered with caution because the study is still ongoing. Further chemical and 

behavioral analysis can better explain these data in order to assess and correlate EDC 

levels of exposure and their impact on infant neurobehavioral developmental outcomes thus 
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allowing to elaborate the expected risk assessment model and to plan evidence-based 

intervention strategies to prevent maternal and infant EDC exposure. 
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APPENDIX 1 

Table 1. Exposure to single EDCs compounds in breastmilk and infant neuro-behavioral effects – Main Results.  

PCB        

Study 
Target 

chemicals 
considered 

Biological 
sample 

collected 

Timing of 
EDCs 

exposure 
 

Timing of 
infant 

assessment 

Assessment 
tools 

Developmental 
areas 

considered 
Main Results 

Jacobson  
et al. 1985 

N/A BM 
Prenatal 
Postnatal 

7 m FAGAN test Cognitive NO 

Jacobson  
et al. 1990 

N/A BM Postnatal 4 y 
MSCA 
CBR 

 
Behavioral ↔- 

Walkowiak 
et al. 2001 

PCB 138, 153, 
180 

BM 
Prenatal 
Postnatal 

7, 18, 30, 
and 42 m 

BSID;  
K-ABC 

MDI 
PDI 

↔- at 7,18,30,42 m 
 
 

Winneke  
et al. 1998 

PCB 138, 153, 180 BM Neonatal 7 m 
BSID 

FAGAN test 

MDI 
PDI 

Cognitive 

↔-   mental development 
 

Winneke  
et al. 2005 

PCB 138, 153, 180 BM Perinatal 72 m K-ABC 
MDI 
PDI 

No ↔- cognitive impairment 

PBDE 



110 

 

Adgent et 
al. 2014 

BDE 28, 47, 99, 100, 
153 

BM Postnatal 36 m 
BASC-2 PRS-

P; 
MSEL 

Cognitive 
Behavioral 

Behavioral development: ↖ BDE-28, -47, -99, -100, -153 ↖ anxiety problems 
↔ ↑ BDE-28 withdrawal 
↔+↑ BDE-153 adaptive 

behavior. 
↔+ BDE-99, -153 aggression 

and hyperactivity 
↔+ PBDEs cognitive, 

language, and fine motor skills 
 
 

Chao et al. 
2011 

BDE 28, 47, 99, 
100, 153, 154, 
183, 196,197, 
203, 206, 207, 
208, and 209 

BM Postnatal 8 and 12 m BSID Global 

↔- BDE-209 cognitive scale. 
↔+ BDE-196 and -100 

language scales 
 

Gascon et 
al. 2012 

BDE 47, 99, 100, 
153, 154, 183, 209 

Colostrum Postnatal 12 and 18 m BSID 
MDI 
PDI 

↔- Σ PBDEs congeners and 
MDI  

↔- BDE-209 and MDI 
↔ Σ PBDEs congeners and 

PDI 

Hoffman 
et al. 2012 

BDE 28, 47, 99, 100, 
153 

Σ BDE 28, 47, 99, 
100, 153 

BM Postnatal 36 m ITSEA 
Social 

Emotional 

↖ BDE-47, -99, and-100 or Σ 
BDE-28, -47, -99, -100, -153 
↔ ↑ externalizing behavior 
↔ BDE-28, -47, -99, -100, -
153 and Σ and internalizing, 

dysregulation, and 
competency domains 

↑ BDE-28, -99, and -100 and 
the sum of BDE-28, -47, -99, -
100, -153 ↔ ↑ general anxiety 
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Lin et al. 
2010 

BDE 47, 99, 100, 
153, 154, 196, 
197, 206, 207, 

208, 209 

BM Postnatal 
From 8 to 13 

months 
BSID Global 

↖ PBDEs ↔* ↘ cognitive 
scale; 

↑ PBDEs ↔ ↓ adaptive 
behavior scale; ↖ BDE-207, -208, -209 ↔↘ 

adaptive behavior scores 
> BDE-100 →* ↘ cognitive 

scales 

DIOXIN 

Nishijo et 
al. 2014 

2378-PCDD 
PCDF congeners 

BM Postnatal 4 m, 1 and 3 y 
BSID; 
ASRS 

Global 

♂♀ 

> 2378-TCDD concentrations 
↔ ↖ ASRS scores 

♂ 

> PCDDs/Fs-TEQ: 

↔ ↘ cognitive, language and 
motor scores 

↔ ↓ communication skills 
- adaptive behavior scores 

↑ expressive language scores 
 

Pham et 
al. 2015 

2378-TetraCDD 
PCDDs/Fs-TEQ 

DDI 
BM Post natal 12 m BSID Global 

↑ composite motor scores in 
the MiEG. 

MiEG, MEG, HEG of DDI ↔↖ 
cognitive scores 

HEG 2378-TetraCDD ↔↖ 
cognitive scores vs LEG 2378-

TetraCDD. 
↔- socioemotional scores.  

> 2378-TetraCDD ↔ ↘ socio-
emotional scores 
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Pham et 
al. 2019 

2378-Tetra-TCDD 
12378-PentaCDD 
123478-HexaCDD 
123678-HexaCDD 
123789-HexaCDD 

1234678-HeptaCDD 
OctaCDD 
PCDDs 

PCDD/Fs 
PCBs 

noPCBs 

BM Perinatal 2 y BSID Global 

♂  

> TCDD exposure ↔ ↘ 
language score  

↔ MiEG, HEG TCDD ↘ gross 
motor and composite motor 

scores  
↔ MiEG HEG TEQ-

PCDD/Fs/noPCBs ↘ gross 
motor scores 

↔ MiEG 12378-PentaCDD, 

three HexaCDD congeners, ↘ 
gross motor scores  

> 123478-HexaCDD, 123678-
HexaCDD, and OCDD ↔ ↘ 

gross motor scores 
> TCDD ↔ ↘ composite 
language and expressive 

language scores. 

♀ 

> TCDD ↔ ↖ gross and 
composite gross motor scores 

↔ TEQ-PCDD/Fs/noPCBs 
exposure and gross motor 

scores 
HEG TEQ-PCDD/Fs/noPCBs ↘ gross motor scores 

 
MiEG 1234678-HeptaCDD ↔ ↘ gross motor score 
> TCDD levels of exposure ↔ ↘ gross motor skills vs LEG 

Tai et al. 
2016 

2378-PCDD 
PCDDs-TEQ 
PCDFs-TEQ 

BM Perinatal 4 m, 1 and 3 y BSID Global 

♂  

↑ 2378-TetraCDD ↔↓ gross 
motor and composite motor 

scores 
HEG PCDDs/PCDFs-TEQ ↓ 
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expressive communication 
score 

LEG PCDDs/PCDFs-TEQ ↑ 
expressive communication 

score 
> dioxins ↔ ↘ expressive 
communication score and 

cognitive score 
 

♀ 

MEG 2378-TetraCDD and 
PCDDs/PCDFs-TEQ ↔ ↘ fine 

motor score 
 

The Tai et 
al. 2013 

2378-tetraCDD, 
PCDDs-TEQ 
PCDFs-TEQ 

BM Perinatal 4 m BSID Global 

Significant inverse correlations 
between 2378-tetraCDD, 
PCBD/Fs/TEQ and infant 

neurodevelopmental scores. 
 

↑ 2378-tetraCDD ↔↓ 
neurodevelopmental scores. ↘ cognitive, compositive motor 

and fine motor scores in MEG, 
HEG DDI  ↘ fine motor score HEG 

PCBD/Fs/TEQ 
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Tran et al. 
2016 

2378-TCDD 
12378-PentaCDD 
23478-PentaCDF 
123678-HexaCDF 

BM Perinatal 5 y 
Movement 

ABC-2 
KABC-II 

Cognitive 
Motor 

♂  

HEG TEQ-PCDDs/Fs: ↘ motor development and 
balance scores 

 
HEG TCDD: ↘ cognitive ability vs LEG 

METALS 

Al-Saleh 
et al. 2016 

Hg BM Postnatal 3-12 m 
DDST;  
PEDS 

Global 

↔ Hg levels and learning, 
developmental and behavioral 

development 
 

Marques 
et al. 2014 

Pb BM Postnatal 6 and 24 m 
BSID; 

Age of walking; 
Age of talking 

MDI 
PDI 

↔- Pb levels and MDI at 6 
months  

↔- Pb and age of walking;  
 

OCP 

Kao et al. 
2019a 

4,40-DDD 
4,40-DDE 
4,40 DDT 

α-HCH 
β-HCH 
γ-HCH 
δ-HCH 
cis-CHL 

trans-CHL 
Heptachlor 

Heptachlor epoxide 
Aldrin 
Endrin 

Endrin aldehyde 
Endrinketone 

BM Postnatal 10-12 m BSID Global 

4'-DDT: 

LEG ↔↖* cognitive and 
language performance 
HEG - ↔↘* cognitive, 

language and socioemotional 
domains 

↔- ↘ cognitive scores 
↔- motor scale 

 
OCPs levels: 

↔* cognitive, language, 
motor, socioemotional and 

adaptive behavior 
development 

↔- Bayley outcomes 
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Dieldrin 
Decachlorobiphenyl 

Endosulfan I (A) 
Endosulfan II (B) 

Endosulfan sulfate 
methoxychlor 

 
Trans-CHL: ↘ levels ↔ ↖* socioemotional 
performance ↖ levels ↔- ↘ cognitive, 

language and socioemotional 
domains 

↔*- socioemotional scale 
 

Endrin: 
↔*- socioemotional scales 

↔- ↘ cognitive score 
 

Endosulfan I: 
↔+ motor and language 

scores: ↖ exposure ↔* ↖* language 
scores. 

 
Heptachlor: 

↔+ motor and language 
scores: ↖ exposure ↔ ↖* motor 

performance. 
 

Heptachlor epoxide: 
↔- Motor scale 

 
Significant inverse 

association: 
Endrin – Socioemotional 

Heptachlor epoxide – Adaptive 
behavior 

4,4'-DDT – Cognitive and 
Language scale 



116 

 

Notes. The bold and highlight character indicate the presence of a statistically significant result; Σ: Sum of congeners; ♂ male; ♀ female; ↖ higher; ↘ lower; ↖*: better; ↘* poor; ↑ increase; ↓ decrease; ↔ associated to; ↔+ positive association; ↔- negative association; > high; >* more; ↔* 
correlation; ↔** relation; influence; * related to; ** affected; HL: High levels; MeL: Medium levels; HEG: High Exposure Group; MEG: Moderate 

Exposure Group; MiEG: Mild Exposure Group; LEG: Low exposure group; BSID: Bayley Scale for Infant Development; MSCA: McCarthy Scales of 

Children's Abilities; CBR: Child Behavior Record; K-ABC: Kaufman Assessment Battery for Children; BASC-2 PRS-P: Parenting Rating Scale for 

Pre-school-aged children of the BASC-2; MSEL: Mullen Scales of Early Learning; ITSEA: Infant-Toddler Social and Emotional Assessment; MDI: 

Mental Developmental Index; PDI: Psychomotor Developmental Index; N/A: Not Applicable; NO: No effects. 
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Table 2.  Exposure to mixture of EDCs compounds in breastmilk and infant neuro-behavioral effects – Main results.  

PCB and DDE 

Study Target 
chemicals 

Biological 
sample 

 

Timing of 
EDCs 

exposure 

Timing of 
infant 

assessment 

Assessment 
tools 

Outcome Main Results 

Gladen et al. 
1988 

N/A BM Transplace
ntal 
Postnatal 

6 and 12 m BSID; MDI 
PDI 
 

↖ transplacental PCBs and DDE 
exposure: 
 ↘ PDI at 6 and 12 m ↖ MDI at 6 m 

Rogan et al. 
1991 

N/A BM Transplace
ntal 
Postnatal 

6, 12, 18,  
and 24 m 

BSID PDI ↔ Transplacental PCBs and- PDI 
at 6,12,18, and 24m 

PCB, DDE, DDT 

Pan et al. 
2009 

PCB 153;  
ΣPCB 
66,74,99, 
105,118, 
138,158, 
146,153, 
156,170, 
177,178, 
180,183, 
187,194, 
196,203, 
199 
p,p´-DDT 
p,p´-DDE 

BM Postnatal 12 m MSEL 
SFL1 of MB-
CDIs 
VC 

Language 
Motor 

♂  

DDE exposure ↔ <* gross motor 
scores 
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Riva et al. 
2004 

PCB 105, 118, 
138, 153, 156, 
180 
DDT 
DDE 

Colostrum 
BM 

Postnatal 12 m VEP Visual 
Function 

BM:  
** DDT, DDE, and all PCBs 
congeners and the latency VEP at 
15 min (except for PCB 105) 
 DDT, PCB 180 levels and 
latency VEP at 60 min;  
 
COLOSTRUM:  

↔** PCBs, DDT, and DDE and 

impaired visual function  
 

PCB and DIOXIN 

Boersma et 
al. 2001 

PCB 118, 138, 
153, 180  
Dioxin-like 
PCB 

BM 
FM 

Prenatal 
Postnatal 

18 and 42 m 
6 y 

BSID; 
K-ABC 
MSCA 

Cognitive NO 

Koopman-
Esseboom 
et al. 1996 

PCB 118, 138, 
153, 180 

BM 
FM 

Prenatal 
Postnatal 

3, 7, and 18 m BSID MDI 
PDI 

BM: 
- HL and ML PCB and dioxin 
and PDI at 7 months of age 
 
FM: 

Prenatal PCBs and dioxin ↘ 
cognitive assessment  
 

Patandin et 
al. 1998 

PCB 28, 52, 
66, 70, 77, 99, 
101, 105, 118, 
126, 128, 137, 
138, 141, 151, 
153, 156, 169, 
170, 177, 180, 
183, 187, 194, 
195, 202 

BM 
FM 

Prenatal 
Postnatal 

42 m K- ABC  
RDLS 

Cognitive NO 
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PCDDs  
PCDFs 

Vreugdenhil 
et al. 2001 

PCB 28, 52, 
66, 70, 99, 101, 
118, 128, 137, 
138, 141, 151, 
153, 170, 177, 
180, 183, 187, 
194, 195, 202 
PCDDs 
PCDFs 

BM 
FM 

Prenatal 
Postnatal 

6,5 y MSCA Cognitive, 
Memory 
Motor 

- cognitive and motor abilities in 
less optimal environmental and 
parental characteristics only for 
prenatal PCBs and dioxin 
exposure 
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Wilhelm et 
al. 2008 

PCDD  
2378-
TetraCDD 
12378-
PentaCDD 
123478-
HexaCDD 
123678-
HexaCD 
1234678-
HeptaCDD 
OctaCDD  
PCDF  
2378-
TetraCDF 
12378-
PentaCDF 
23478-
PentaCDF 
123478-
HexaCDF 
123678-
HexaCDF 
234678-
HexaCDF 
123789-
HexaCDF 
1234678-
HeptaCDF 
1234789-
HeptaCDF 
OctaCDF 
PCB 105, 114, 
118,123, 126, 
138, 153, 156, 
157, 167, 169, 
180, 189 

BM Prenatal 12 and 24 m BSID Cognitive 
PDI 

NO 
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POPs 

Forns et al. 
2016 

PBDE, 47, 99, 
100, 153, 154;  
PCB 74, 99, 
105, 114, 118, 
138, 153, 156, 
157, 170, 180, 
189, 194 
HCB 
β-HCH 
p,p′ DDE 
p,p′-DDT, 
oxyCD 

BM Postnatal 12 and 24 m ITSC Behavioural ↔+ OCP behavioral problems at 
12 months of age.  
 
 

POPs, BPA, and Phthalates 

Kim et al. 
2017 

PCB and 
PBDE 
congeners 
OCPs 
BPA 
MEP 
MiBP 
MnBP 
MEHP 

BM Prenatal 
Postnatal 

13 – 24 m BSID; 
CBCL 

MDI 
PDI 
 

↑ MEHP levels ↔ ↓ MDI. 
 

♂ DEHP levels ↔- MDI.  

OCP and PBDE 
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Kao et al. 
2019b 

BDE 28, 47, 
99, 100, 153, 
154, 183, 196, 
197, 203, 206, 
207, 208, and 
209  
Aldrin 
α-HCH 
β-HCH 
γ-HCH 
δ-HCH 
cis-CHL 
trans-CHL 
4,4’-DDD 
4,4’-DDE 
4,4’DDT 
Dieldrin 
Endosulfan I & 
II 
Endosulfan 
sulfate 
Endrin 
Endrin 
aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor 
epoxide 
Methoxychlor 

BM Prenatal 
Postnatal 

8 – 12 m BSID Global - BDE -99, -197, -207, and 
OCPs and    neurodevelopment 
 
4,4’-DDT 
**- neurodevelopment 

↔** ↘ cognitive, language and 
motor scores 
 
γ-HCH 
**- neurodevelopment 
- language scale 
 
Heptachlor Epoxide 
**- neurodevelopment 
- adaptive behavior 
 
Heptachlor 
↔+   language and motor scale 
 
Endosulfan I 
**- neurodevelopment 
↔+   language and motor scale 
 
Endrin 
**- neurodevelopment 
- socioemotional scale 
 
BDE-196 
 neurodevelopment  
**-neurodevelopment 
↔*+ ↑ socioemotional scores 
 
Some OCP 
↔*- developmental areas 

Notes. The bold and highlight character together indicate the presence of a statistically significant result;  ♂ male; ♀ female; ↖ higher; ↘ lower; ↑ 

increase; ↓ decrease; ↔ associated to; ↔+ positive association; ↔- negative association; <* below average; ↔*+ positive correlation; ↔** relation; 
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influence; - negative influence; - negative; ** affected; **- negatively affected ↔** weak relation; BM: Breastmilk; FM: Formula Milk; HL: 

High levels; ML: Medium levels; BSID: Bayley Scale of Infant Development; CBCL: Child Behavior Checklist; ITSC: Infant/Toddler Symptoms 

Checklist; K-ABC: Kaufman Assessment Battery for Children; MDI: Mental Developmental Index; MSCA: McCarthy Scales of Children's Abilities; 

MSEL: Mullen Scales of Early Learning; SFL1 of MB-CDIs: Shor Form Level 1 of the MacArthur-Bates Communicative Development Inventories; 

PDI: Psychomotor Developmental Index; RDLS: Reynell Developmental Language Scale; VC: Vocabolary Comprehension; VEP: Visual Evoked 

Potentials; N/A: Not Applicable; NO: No effects. 
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APPENDIX 2  

Each table reports, for each subject included in the analysis, the mean of Bisphenols and 

Parabens concentration scores expressed in ng/ml in BM and Maternal Urine samples. The 

LOQ and LOD scores are reported. The concentration scores below LOD are reported as 

“<LOD”.  

1. Bisphenols compound concentration scores in BM 

BPA concentration scores in the BM (LOQ= 0,5 / LOD= 0,1) 

Subjects 
Time 

T1 T2 

1 9,348667 1,118667 

2 2,005 - 

3 - - 

4 4,259 1,397 

5 2,326667 1,261333 

6 2,056 0,745333 

7 4,599 1,695 

8 0,267667 0,676333 

9 0,352333 3,246 

10 4,95 1,625333 

11 3,438 2,856333 

12 1,126667 1,365667 

13 3,832333 3,281667 

14 2,211 1,222667 

15 0,479 1,182333 

16 3,655333 6,268667 

17 2,587667 0,897667 

18 6,061667 1,211 

19 2,908 1,46 

20 0,316333 0,630333 

21 1,199667 1,299667 

22 3,824667 2,064 
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BPS concentration scores in the BM (LOQ= 0,1 / LOD= 0,025) 

Subjects 
Time 

T1 T2 

1 < LOD  0,039 

2 0,027333 - 

3 - - 

4 - 0,035667 

5 < LOD  0,034 

6 < LOD  0,033667 

7 - 0,033 

8 - 0,029333 

9 - 0,036333 

10 - 0,034667 

11 < LOD  < LOD  

12 
< LOD  

0,018 0,034667 

13 < LOD  < LOD  

14 - 0,079333 

15 - 0,03 

16 < LOD  0,044667 

17 - 0,031667 

18 < LOD  0,034 

19 0,085 0,038333 

20 0,035667 0,128 

21 < LOD  < LOD  

22 < LOD  0,053333 

 

2. Parabens compound concentration scores in BM 

MePB concentration levels in the BM (LOQ= 0,5 / LOD= 0,025) 

Subjects 
Time 

T1 T2 

1 0,494667 0,568 

2 0,036 - 

3 - - 
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4 2,533667 0,479333 

5 0,123667 0,441667 

6 0,100667 0,497667 

7 4,987333 0,652667 

8 0,522667 0,516 

9 0,194 0,453333 

10 0,430667 0,402667 

11 0,094 0,041667 

12 1,053667 0,448 

13 0,053667 0,043333 

14 1,189 0,518 

15 0,630333 0,506 

16 1,072 0,045333 

17 1,28 0,668667 

18 0,621667 1,764333 

19 0,558667 0,479667 

20 0,458667 0,074333 

21 0,046333 0,029 

22 0,49 0,457667 

 

EtPB concentration scores in the BM (LOQ= 0,5 / LOD= 0,025) 

Subjects 
Time 

T1 T2 

1 0,113333 0,365667 

2 - - 

3 - - 

4 0,503 0,336667 

5 - 0,357 

6 - 0,334333 

7 0,295 0,333333 

8 0,052333 0,323667 

9 
< LOD  

0,021 0,328667 

10 0,032 0,329333 
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11 
< LOD  

0,0075 - 

12 0,025 0,325667 

13 - - 

14 0,219667 0,338667 

15 0,067667 0,333 

16 0,269667 - 

17 0,086333 0,325333 

18 0,092 0,358333 

19 0,326667 0,328667 

20 0,334 - 

21 - - 

22 0,061 0,325667 

 

PrPB concentration scores in the BM (LOQ= 0,5 / LOD= 0,1) 

Subjects 
Time 

T1 T2 

1 0,582667 0,266667 

2 - - 

3 - - 

4 0,385667 0,195667 

5 - 0,199667 

6 - 0,271 

7 1,897667 0,294667 

8 < LOD  0,215333 

9 < LOD  0,202333 

10 0,1215 0,182 

11 - - 

12 < LOD  0,197667 

13 - - 

14 0,192 0,193333 

15 < LOD 0,203667 

16 < LOD  - 

17 0,177667 0,236667 
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18 < LOD  0,265333 

19 0,199667 0,191 

20 0,189333 - 

21 - - 

22 - 0,210667 

 

BzPB concentration scores in the BM (LOQ= 0,5 / LOD= 0,05) 

Subjects 
Time 

T1 T2 

1 < LOD  0,172333 

2 - - 

3 - - 

4 < LOD  0,172667 

5 - 0,172333 

6 - 0,175667 

7 < LOD  0,174333 

8 < LOD  0,173 

9 < LOD  0,173 

10 < LOD  0,172 

11 - - 

12 
< LOD  

< LOD  0,172333 

13 - - 

14 < LOD 0,172 

15 < LOD  0,172 

16 < LOD  - 

17 < LOD  0,172333 

18 < LOD  0,173 

19 0,174 0,172333 

20 0,172333 - 

21 - - 

22 0,011333 0,172 
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iBuPB concentration scores in the BM (LOQ= 0,5 / LOD= 0,1) 

Subjects 
Time 

T1 T2 

1 - 0,240333 

2 - - 

3 - - 

4 - 0,239 

5 - 0,237333 

6 - 0,239 

7 - 0,239 

8 - 0,238333 

9 - 0,238333 

10 - 0,239 

11 - - 

12 - 0,245 

13 - - 

14 - 0,239667 

15 - 0,239 

16 - - 

17 - 0,24 

18 - 0,241333 

19 - 0,241 

20 - - 

21 - - 

22 - 0,2395 
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3. Bisphenols compound concentration scores in Maternal Urine  

BPA concentration scores in the Maternal Urine (LOQ= 0,5 / LOD= 0,1) 

Subjects 
Time 

T0 T1 T2 

1 0,3936 1,246667 1,385667 

2 0,2236 1,921 7,429667 

3 0,9634 - - 

4 0,31425 0,118333 38,745 

5 1,8088 2,905667 4,358333 

6 6,9472 5,667333 3,276 

7 0,418 0,760667 3,347333 

8 0,3946 - 0,317 

9 6,9948 0,432 1,465333 

10 0,7276 1,900333 1,265667 

11 0,32275 0,524 1,07 

12 0,1852 0,654 1,962 

13 51,822 1,018333 17,122 

14 9,573 1,102333 18,26667 

15 11,9406 6,868 22,09767 

16 3,3466 6,45 0,932 

17 0,1895 < LOD  6,290333 

18 2,0038 3,074667 6,993 

19 4,258 0,248 0,265333 

20 0,6168 1,021 - 

21 5,5778 1,009 - 

22 1,058 0,517 6,003667 

 

BPS concentration scores in the Maternal Urine (LOQ= 0,1 / LOD= 0,025) 

Subjects 
Time 

T0 T1 T2 

1 < LOD  5,653333 0,066333 

2 0,0515 - - 

3 - - - 
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4 - < LOD  1,068667 

5 - - 0,147667 

6 - 0,035 0,27 

7 0,0516 < LOD  0,147667 

8 - - < LOD  

9 0,093 - 0,362667 

10 - < LOD  0,061333 

11 - - < LOD  

12 < LOD  < LOD  1,022 

13 - < LOD  0,556667 

14 - 0,037 0,79 

15 - < LOD  < LOD  

16 - < LOD 0,443667 

17 - 0,029 0,005667 

18 - < LOD  < LOD  

19 - < LOD  < LOD  

20 < LOD  < LOD  < LOD  

21 < LOD  < LOD  0,383667 

22 < LOD  0,050333 0,169667 

 

4. Parabens compounds concentration scores in Maternal Urine 

MePB concentration scores in the Maternal Urine (LOQ= 1 / LOD= 0,025) 

Subjects 
Time 

T0 T1 T2 

1 0,2234 15,80667 0,096 

2 0,1172 0,152 0,272333 

3 0,3554 - - 

4 - 3,233667 2,315333 

5 0,1284 0,752 0,42 

6 265,2302 0,749333 2,458 

7 - 0,1145 0,526667 

8 - 0,190667 0,097667 

9 - 0,086333 0,180333 

10 48,362 0,980333 0,206333 
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11 - 1,283333 8,395667 

12 - 0,722333 0,331333 

13 0,031 0,080667 1,719333 

14 - 1,159667 0,348 

15 0,094 0,181667 0,731667 

16 0,0378 0,089667 4,621667 

17 1,5092 14,70167 4,361 

18 - 0,532333 4,777667 

19 0,7524 0,069 0,098333 

20 - 0,786333 0,090667 

21 - 0,295333 14,61 

22 0,5682 0,316 0,278333 

 

EtPB concentration scores in the Maternal Urine (LOQ= 0,5 / LOD= 0,025) 

Subjects 
Time 

T0 T1 T2 

1 0,0354 0,033 - 

2 < LOD 0,036 0,036667 

3 0,937 - - 

4 - 2,243667 0,853333 

5 0,11 0,495333 0,025333 

6 < LOD  0,033333 0,232667 

7 - 0,053 - 

8 - 0,074667 - 

9 - 0,034333 0,080333 

10 3,4968 6,342 - 

11 - 0,289 4,018333 

12 - 0,036 0,061667 

13 - 0,063 0,044667 

14 - 2,697 0,083 

15 9,5712 0,039667 0,436333 

16 - 0,029333 0,053 

17 - 0,062667 < LOD  

18 - 0,105667 0,108667 
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19 - 0,076 0,06 

20 - 0,062 - 

21 - 0,269 0,054 

22 - 0,2395 - 

 

PrPB concentration scores in the Maternal Urine (LOQ= 0,5 / LOD= 0,1) 

Subjects 
Time 

T0 T1 T2 

1 < LOD  < LOD  - 

2 < LOD  < LOD  - 

3 < LOD  - - 

4 - 0,832 0,699 

5 - < LOD  - 

6 51,9996 0,435 0,578 

7 - < LOD  - 

8 - < LOD  - 

9 - < LOD  < LOD  

10 67,7982 2,245333 < LOD  

11 - 0,423 6,043667 

12 - < LOD  < LOD  

13 - < LOD  0,313333 

14 - 0,840333 - 

15 4,6094 < LOD  0,305667 

16 - < LOD  2,282 

17 0,177 6,313667 0,427 

18 - 0,1665 < LOD  

19 - < LOD  < LOD  

20 - < LOD  < LOD  

21 - < LOD  4,143 

22 < LOD  0,116 - 
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APPENDIX 3 

The Appendix 3 reports only the values of Bishenols and Parabens compounds, Maternal 

and Infant lifestyle and nutritional habits in interaction with infant growth’s parameters and 

neurodevelopmental outcomes considered for the ANCOVA Repeated Measured.  

Notes. (i) BPS levels in the females sample considered for the analysis of EDCs at T0*AGD1 

and AGD2 interaction was constant. Therefore, the interaction analysis were not performed. 

(ii) EtPB and PrPB levels in the sample for the neurodevelopmental outcomes were 

constant. Therefore, the interaction analysis were not performed.  

a. Bisphenols compound and infant growth parameters  

BODY WEIGHT 
Time 

T0 T1 T2 

BPA Milk  
F(4,64)= 1.15 p = 

0.341 𝜂2=0.006 

F(4,60)= 1.620 p = 

0.181 𝜂2=0.009 

 Maternal urine 
F(4,68)= 0.319 p = 

0.864 𝜂2=0.001 

F(4,60)= 1.540 p = 

0.202 𝜂2=0.005 

F(4,60)= 1.578 p = 

0.192 𝜂2=0.006 

BPS Milk  
F(4,32)= 1.083 p = 

0.382 𝜂2=0.007 

F(4,60)= 1.582 p = 

0.191 𝜂2=0.008 

 Maternal urine 
F(4,16)= 1.133 p = 

0.376 𝜂2=0.007 

F(4,44)= 1.39 p = 

0.252 𝜂2=0.004 

F(4,60)= 2.989 p = 

0.026 𝜂2=0.009 

 

AGD1 – FEMALES 

 

Time 

T0 T1 T2 

BPA Breastmilk  
F(4,12)=  1.24 p=  

0.347 𝜂2=0.120 

F(4,12)=  0.735 p= 

0.586 𝜂2=0.094 

 Maternal urine 
F(4,12)=  1.61 p= 

0.235  𝜂2=0.118 

F(4,12)=  1.64 p= 

0.229  𝜂2=0.124 

F(4,12)=  0.613 p= 

0.661 𝜂2=0.047 

BPS Breastmilk  
F(4,4)=  1.87 p= 

0.279 𝜂2=0.170 

F(4,12)=  0.509 p= 

0.730 𝜂2=0.071 

 Maternal urine  
F(4,12)=  1.55 p= 

0.251 𝜂2=0.095 

F(4,12)=  0.546 p= 

0.706 𝜂2=0.043 
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AGD2 – FEMALES 
Time 

T0 T1 T2 

BPA Breastmilk  
F(4,12)=  1.06 p= 

0.419 𝜂2=0.121 

F(4,12)=  0.236 p= 

0.913 𝜂2=0.042 

 Maternal urine 
F(4,12)=  2.82 p= 

0.074 𝜂2=0.234 

F(4,12)=  0.723 p= 

0.593 𝜂2=0.086 

F(4,12)=  0.149 p= 

0.960 𝜂2=0.023 

BPS Breastmilk  
F(4,12)=  0.362 p= 

0.831  𝜂2=0.063 

F(4,4)= 6.05; p= 

0.055 𝜂2=0.492 

 Maternal urine  
F(4,12)=  0.572 p= 

0.688 𝜂2=0.069 

F(4,12)=  0.256 p= 

0.900 𝜂2=0.036 

 

AGD1 – MALES 
Time 

T0 T1 T2 

BPA Breastmilk  
F(4,48)=  1.26 p= 

0.299 𝜂2=0.035 

F(4,44)=  2.29 p= 

0.075 𝜂2=0.063 

 Maternal urine 
F(4,52)=  5.09 p= 

0.002 𝜂2=0.066 

F(4,44)=  0.257 p= 

0.904 𝜂2=0.009 

F(4,44)=  1.53 p= 

0.209 𝜂2=0.040 

BPS Breastmilk  
F(4,24)=  1.11 p= 

0.375 𝜂2=0.094 

F(4,44)=  1.02 p= 

0.407 𝜂2=0.042 

 Maternal urine 
F(4,12)=  2.52 p= 

0.097 𝜂2=0.119 

F(4,28)=  0.059 p= 

0.993 𝜂2=0.003 

F(4,44)=  0.267 p= 

0.898 𝜂2=0.008 

 

AGD2 – MALES 
Time 

T0 T1 T2 

BPA Breastmilk  
F(4,48)=  1.57 p= 

0.199 𝜂2=0.039 

F(4,44)=  0.697 p= 

0.598 𝜂2=0.018 

 Maternal urine 
F(4,52)= 0.583 p= 

0.676 𝜂2=0.010 

F(4,44)= 1.00 p= 

0.417 𝜂2=0.027 

F(4,44)= 0.102 p= 

0.981 𝜂2=0.003 

BPS Breastmilk  
F(4,24)=  0.223 p= 

0.923 𝜂2=0.013 

F(4,44) 0.552 p= 

0.699 𝜂2=0.014 

 Maternal urine 
F(4,12)= 0.278 p= 

0.886 𝜂2=0.035 

F(4,28)= 0.518 p= 

0.723 𝜂2=0.020 

F(4,44)= 7.10 p= 

<.001 𝜂2=0.093 
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b. Bisphenols compound and infant emotionality in FFSF  

NEGATIVE EMOTIONALITY 
Time 

T0 T1 T2 

BPA Breastmilk  
F(4,40)=  1.26 p= 

0.304 𝜂2=0.042 

F(4,40)=  0.066 p= 

0.991 𝜂2=0.003 

 Maternal urine 
F(4,44)=  2.41 p= 

0.064 𝜂2= 0.049 

F(4,36)=  0.311 p= 

0.868 𝜂2=0.013 

F(4,32)=  2.706 p= 

0.048 𝜂2=0.106 

BPS Breastmilk  
F(4,16)=  4.62 p= 

0.011 𝜂2=0.196 

F(4,40)=  0.912 p= 

0.466 𝜂2=0.038 

 Maternal urine 
F(4,4)=  1.00 p= 

0.499 𝜂2=0.059 

F(4,32)=  1.20 p= 

0.329 𝜂2=0.047 

F(4,40)=  2.26 p= 

0.079 𝜂2=0.074 

 

LOW NEGATIVE EMOTIONALITY 
Time 

T0 T1 T2 

BPA Breastmilk  
F(4,40)=  0.998 p= 

0.420 𝜂2=0.024 

F(4,40)=  0.118 p= 

0.975 𝜂2=0.003 

 Maternal urine 
F(4,44)=  0.946 p= 

0.446 𝜂2=0.019 

F(4,36)=  0.808 p= 

0.528 𝜂2=0.022 

F(4,32)=  0.196 p= 

0.938 𝜂2=0.006 

BPS Breastmilk  
F(4,16)=  1.25 p= 

0.329 𝜂2=0.066 

F(4,40)=  0.277 p= 

0.891 𝜂2=0.007 

 Maternal urine 
F(4,4)=  2.53 p= 

0.195 𝜂2=0.061 

F(4,32)=  0.482 p= 

0.749 𝜂2=0.015 

F(4,40)=  0.483 p= 

0.748 𝜂2=0.011 

 

HIGH NEGATIVE EMOTIONALITY 
Time 

T0 T1 T2 

BPA Breastmilk  
F(4,40)=  0.608 p= 

0.659 𝜂2=0.013 

F(4,40)=  0.269 p= 

0.896 𝜂2=0.006 

 Maternal urine 
F(4,44)=  1.33 p= 

0.273 𝜂2=0.022 

F(4,36)=  0.986 p= 

0.428 𝜂2=0.020 

F(4,32)=  2.47 p= 

0.065 𝜂2=0.050 

BPS Breastmilk  
F(4,16)= 3.10, p= 

0.046 𝜂2=0.096 

F(4,40)= 0.466 p= 

0.760 𝜂2=0.011 

 Maternal urine 
F(4,4)=  1.78 p= 

0.294 𝜂2=0.042 

F(4,32)=  1.54 p= 

0.214 𝜂2=0.038 

F(4,40)=  0.260 p= 

0.050 𝜂2=0.041 
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c. Bisphenols compound and infant neurodevelopment  

COGNITIVE DEVELOPMENT 
Time 

T0 T1 T2 

BPA Breastmilk  
F(1,7)= 0.854 p= 

0.386𝜂2=0.029 

F(1,7)= 0.099 p= 

0.761 𝜂2=0.004 

 Maternal urine 
F(1,7)=  0.2871 p= 

0.609 𝜂2=0.010 

F(1,6)=  0.391 p= 

0.554 𝜂2=0.014 

F(1,6)= 0.852 p= 

0.392 𝜂2=0.068 

BPS Breastmilk  
F(1,1)= 6.90e-5 p= 

0.995 𝜂2=0.000 

F(1,7)= 0.071 p= 

0.797 𝜂2=0.003 

 Maternal urine 
F(1,11)=  1.065 p= 

0.490 𝜂2=0.061  

F(1,5)= 8.641 p= 

0.032 𝜂2=0.129 

F(1,7)=  0.056 p= 

0.818 𝜂2=0.002 

 

LANGUAGE DEVELOPMENT 
Time 

T0 T1 T2 

BPA Breastmilk  
F(1,7)=  0.357 p= 

0.569 𝜂2=0.015 

F(1,7)=  0.478 p= 

0.512 𝜂2=0.020 

 Maternal urine 
F(1,7)= 2.000 p= 

0.200 𝜂2=0.067 

F(1,6)= 0.168 p= 

0.695 𝜂2=0.009 

F(1,6)= 0.389 p= 

0.556 𝜂2=0.020 

BPS Breastmilk  
F(1,1)=  0.0384 p= 

0.877 𝜂2=0.007 

F(1,7)= 2.100 p= 

0.191 𝜂2=0.069 

 Maternal urine 
F(1,1)= 0.475 p= 

0.616 𝜂2=0.038 

F(1,5)= 4.995 p= 

0.076 𝜂2=0.140 

F(1,7)= 0.637 p= 

0.451 𝜂2=0.026 

 

MOTOR DEVELOPMENT 
Time 

T0 T1 T2 

BPA Breastmilk  
F(1,7)=  0.0758 p=  

0.791 𝜂2=0.004 

F(1,7)=  0.0358 p=  

0.855 𝜂2=0.002 

 Maternal urine 
F(1,7)=  0.323, p=  

0.588 𝜂2=0.011 

F(1,6)=  0.275, p=  

0.619; 𝜂2=0.009 

F(1,6)=  0.276, p=  

0.618 𝜂2=0.017 

BPS Breastmilk  
F(1,1)=  2.58 p=  

0.354 𝜂2=0.069 

F(1,7)=  0.0678 p=  

0.802 𝜂2=0.003 

 Maternal urine 
F(1,1)=  35.576 p=  

0.106 𝜂2=0.088 

F(1,5)=  2.97 p=  

0.145 𝜂2=0.044 

F(1,7)=  1.38 p=  

0.279 𝜂2=0.055 
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SOCIOEMOTIONAL 

DEVELOPMENT 

Time 

T0 T1 T2 

BPA Breastmilk  
F(1,7)=  3.126 p= 

0.120 𝜂2=0.091 

F(1,7)=  1.2322 p= 

0.304 𝜂2=0.045 

 Maternal urine 
F(1,7)= 1.8534 p= 

0.216 𝜂2= 0.063 

F(1,6)= 1.760 p= 

0.233 𝜂2= 0.054 

F(1,6)= 0.423 p= 

0.540 𝜂2= 0.024 

BPS Breastmilk  
F(1,1)=  11.284 p= 

0.184; 𝜂2=0.146 

F(1,7)= 0.966 p= 

0.359 𝜂2=0.039 

 Maternal urine 
F(1,1)= 1.5366 p= 

0.432 𝜂2= 0.114 

F(1,5)= 4.973 p= 

0.5126 𝜂2= 0.023 

: F(1,7)= 0.180 p= 

0.685 𝜂2= 0.008 

 

ADAPTIVE BEHAVIORAL 

DEVELOPMENT 

Time 

T0 T1 T2 

BPA Breastmilk  
F(1,7)=  0.306 p=  

0.598; 𝜂2= 0.012 

F(1,7)=  2.02 p= 

0.198 𝜂2= 0.062 

 Maternal urine 
F(1,7)= 73402 p= 

0.420 𝜂2=0.028 

F(1,6)= 1.0433 p= 

0.346 𝜂2=0.037 

F(1,6)= 6.07 p= 

0.049 𝜂2=0.104 

BPS Breastmilk  
F(1,1)=  0.506 p= 

0.606 𝜂2= 0.053 

F(1,7)= 0.877 p= 

0.380 𝜂2= 0.031 

 Maternal urine 
F(1,1)= 0.102 p= = 

0.803 𝜂2=0.016 

F(1,5)= 1.06 p= 

0.350 𝜂2=0.054 

F(1,7)= 0.0498 p= 

0.830 𝜂2=0.002 

 

d. Parabens compound and infant growth parameters  

BODY WEIGHT 
Time 

T0 T1 T2 

MePB Breastmilk  
F(4,64)= 0.117 p= 

0.976 𝜂2=0.000 

F(4,60)= 1.680 p= 

0.166 𝜂2=0.009 

 Maternal urine 

F(4,32)= 0.526 

p= 0.717  𝜂2=0.002 

F(4,64)= 0.659 p= 

0.623 𝜂2=0.003 

F(4,64)= 1.192 p= 

0.323 𝜂2=0.003 

EtPB Breastmilk  
F(4,48)= 0.280 p= 

0.890 𝜂2=0.002 

F(4,48)= 0.930 p= 

0.454 𝜂2=0.016 
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 Maternal urine 

F(4,20)= 0.279 

p= 0.888 𝜂2=0.002 

F(4,64)= 1.763 p= 

0.147 𝜂2=0.004 

F(4,44)= 1.10 p= 

0.367 𝜂2=0.003 

PrPB Breastmilk  
F(4,40)= 0.528 p= 

0.716 𝜂2=0.003 

F(4,48)= 2.179 p= 

0.085 𝜂2=0.032 

 Maternal urine 

F(4,20)= 1.84 p= 

0.160 𝜂2=0.007 

F(4,64)= 0.593 p= 

0.669 𝜂2=0.002 

F(4,36)= 1.451 p= 

0.238 𝜂2=0.005 

BzPB Breastmilk  
F(4,44)= 0.782 p= 

0.543 𝜂2=0.003 

F(4,48)= 0.480 p= 

0.750 𝜂2=0.008 

iBuPB Breastmilk   
F(4,48)= 0.823 p= 

0.517 𝜂2=0.013 

 

AGD1 – FEMALES 
Time 

T0 T1 T2 

MePB Breastmilk  
F(4,12)=  0.636 p= 

0.646 𝜂2=0.055 

F(4,12)=  1.38 p= 

0.297 𝜂2=0.127 

 Maternal urine 
F(4,8)=  0.811 p= 

0.552 𝜂2=0.080 

F(4,12)=  1.79 p= 

0.196 𝜂2=0.101 

F(4,12)=  1.15 p= 

0.379 𝜂2=0.067 

EtPB Breastmilk  
F(4,12)=  1.15 p= 

0.379 𝜂2= 0.100 

F(4,12)=  1.007 p= 

0.442 𝜂2=0.115 

 Maternal urine  
F(4,12)=  0.549 p= 

0.704 𝜂2= 0.041 

F(4,8)=  0.461 p= 

0.763 𝜂2= 0.056 

PrPB Breastmilk  
F(4,8)=  0.704 p= 

0.611 𝜂2=0.122 

F(4,12)=  2.40 p= 

0.108 𝜂2=0.179 

 Maternal urine 
F(4,4)=  1.19 p= 

0.436 𝜂2= 0.119 

F(4,12)=  1.13 p= 

0.389 𝜂2= 0.063 

F(4,4)=  0.633 p= 

0.666 𝜂2= 0.101 

BzPB Breastmilk  
F(4,12)=  1.88 p= 

0.178 𝜂2=0.119 

F(4,12)=  0.270 p= 

0.892 𝜂2=0.040 

iBuPB Breastmilk   
F(4,12)= 0.954; p= 

0.467 𝜂2=0.110 

 

AGD2 – FEMALES 

 

Time 

T0 T1 T2 



 

140 

 

MePB Breastmilk  
F(4,12)=  0.056 p= 

0.993 𝜂2=0.011 

F(4,12)=  0.799 p= 

0.548 𝜂2=0.128 

 Maternal urine 
F(4,8)=  1.127 p= 

0.409 𝜂2=0.249 

F(4,12)=  0.480 p= 

0.750 𝜂2=0.075 

F(4,12)=  1.103 p= 

0.399; 𝜂2=0.158 

EtPB Breastmilk  
F(4,12)=  0.682 p= 

0.618 𝜂2=0.093 

F(4,12)=  0.865 p= 

0.512 𝜂2=0.127 

 Maternal urine  
F(4,12)=  0.158 p= 

0.956 𝜂2=0.023 

F(4,8)=  0.716 p= 

0.604 𝜂2=0.101 

PrPB Breastmilk  
F(4,8)=  1.51 p= 

0.286 𝜂2=0.207 

F(4,12)=  0.592 p= 

0.675 𝜂2=0.097 

 Maternal urine 
F(4,4)=  3.811 p= 

0.112 𝜂2=0.392 

F(4,12)=  1.62 p= 

0.232 𝜂2=0.199 

F(4,4)=  0.843 p= 

0.564 𝜂2=0.197 

BzPB Breastmilk  
F(4,12)= 3.56 p= 

0.039 𝜂2=0.261 

F(4,12)=  0.217 p= 

0.924; 𝜂2=0.043 

iBuPB Breastmilk   
F(4,12)=  1.16 p= 

0.375 𝜂2=0.156 

 

AGD1 – MALES 

 

Time 

T0 T1 T2 

MePB Breastmilk  
F(4,48)=  1.05 p= 

0.391 𝜂2=0.026 

F(4,44)=  1.56 p= 

0.202 𝜂2=0.052 

 Maternal urine 
F(4,20)=  0.836 p= 

0.518 𝜂2=0.041 

F(4,48)=  1.37 p= 

0.257 𝜂2=0.044 

F(4,48)= 2.46 p= 

0.058 𝜂2=0.051 

EtPB Breastmilk  
F(4,32)= 2.75 p= 

0.045 𝜂2=0.073 

F(4,32)=  0.850 p= 

0.504 𝜂2=0.047 

 Maternal urine 
F(4,16)=  0.147 p= 

0.962 𝜂2=0.004 

F(4,48)=  0.079 p= 

0.988 𝜂2=0.002 

F(4,32)=  0.916 p= 

0.467 𝜂2=0.033 

PrPB Breastmilk  
F(4,28)=  1.27 p= 

0.303 𝜂2=0.031 

F(4,32)=  0.871 p= 

0.492 𝜂2=0.048 

 Maternal urine 
F(4,12)=  1.84 p= 

0.185 𝜂2=0.040 

F(4,48)=  0.324 p= 

0.860 𝜂2=0.008 

F(4,28)=  0.514 p= 

0.726 𝜂2=0.022 

BzPB Breastmilk  
F(4,28)=  0.879 p= 

0.489 𝜂2=0.025 

F(4,32)=  0.625 p= 

0.648 𝜂2=0.036 

iBuPB Breastmilk   
F(4,32)=  2.42 p= 

0.069 𝜂2=0.108 
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AGD2 – MALES 
Time 

T0 T1 T2 

MePB Breastmilk  
F(4,48)=  2.26 p= 

0.076 𝜂2=0.044 

F(4,44)= 2.53 p= 

0.053 𝜂2=0.062 

 Maternal urine 
F(4,20)=  0.662 p= 

0.625 𝜂2=0.017 

F(4,48)=  0.732 p= 

0.575 𝜂2=0.017 

F(4,48)=  1.12 p= 

0.356 𝜂2=0.024 

EtPB Breastmilk  
F(4,32)=  2.50 p= 

0.062 𝜂2=0.076 

F(4,32)=  1.43 p= 

0.248 𝜂2=0.054 

 Maternal urine 
F(4,16)=  0.226 p= 

0.920 𝜂2 =0.007 

F(4,48)=  0.309 p= 

0.871 𝜂2=0.006 

F(4,32)=  0.419 p= 

0.793 𝜂2=0.016 

PrPB Breastmilk  
F(4,28)=  2.13 p= 

0.104 𝜂2=0.070 

F(4,32)=  4.63 p= 

0.005 𝜂2=0.125 

 Maternal urine 
F(4,12)=  1.96 p= 

0.165 𝜂2=0.041 

F(4,48)=  0.315 p= 

0.867 𝜂2=0.007 

F(4,28)=  0.269 p= 

0.896 𝜂2=0.008 

BzPB Breastmilk  
F(4,28)=  0.179 p= 

0.948 𝜂2=0.007 

F(4,32)=  1.12 p= 

0.364 𝜂2=0.044 

iBuPB Breastmilk   
F(4,32)=  1.66 p= 

0.185 𝜂2=0.060 

 

e. Parabens compound and infant emotionality in FFSF  

NEGATIVE EMOTIONALITY 
Time 

T0 T1 T2 

MePB Breastmilk  
F(4,40)=  0.696 p= 

0.599 𝜂2=0.028 

F(4,24)= 0.300 p= 

0.876 𝜂2=0.011 

 Maternal urine 
F(4,16)=  0.605 p= 

0.665 𝜂2=0.043 

F(4,40)=  0.808 p= 

0.527 𝜂2=0.026 

F(4,40)=  0.890 p= 

0.479 𝜂2=0.031 

EtPB Breastmilk  
F(4,32)=  4.05 p= 

0.009 𝜂2=0.121 

F(4,24)=  0.644 p= 

0.636 𝜂2=0.042 

 Maternal urine  
F(4,40)=  0.841 p= 

0.507 𝜂2=0.028 

F(4,28)=  1.13 p= 

0.363 𝜂2=0.055 

PrPB Breastmilk  
F(4,28)=  3.19 p= 

0.028 𝜂2=0.120 

F(4,24)= 0.151, p= 

0.232 𝜂2=0.078 
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 Maternal urine 
F(4,4)=  4.43 p= 

0.089 𝜂2=0.099 

F(4,40)=  0.819 p= 

0.520 𝜂2=0.026 

F(1,7)= 0.848, p= 

0.507 𝜂2=0.041 

BzPB Breastmilk  
F(4,32)=  2.21 p= 

0.090 𝜂2=0.072 

F(4,24)=  0.286 p= 

0.884 𝜂2=0.020 

iBuPB Breastmilk   
F(4,24)=  0.243 p= 

0.911 𝜂2=0.018 

 

LOW NEGATIVE EMOTIONALITY 
Time 

T0 T1 T2 

MePB Breastmilk  
F(4,40)=  0.895 p= 

0.476 𝜂2=0.020 

F(4,40)= 2.81, p= 

0.038 𝜂2=0.051 

 Maternal urine 
F(4,16)=  0.612 p= 

0.660 𝜂2=0.028 

F(4,40)=  1.22 p= 

0.317 𝜂2=0.026 

F(4,40)=  0.306 p= 

0.872 𝜂2=0.007 

EtPB Breastmilk  
F(4,32)= 1.698 p= 

0.175; 𝜂2=0.045 

F(4,24)=  2.27 p= 

0.092 𝜂2=0.068 

 Maternal urine  
F(4,40)=  1.91 p= 

0.127 𝜂2=0.038 

F(4,28)=  0.288 p= 

0.883 𝜂2=0.009 

PrPB Breastmilk  
F(4,28)= 1.259 p= 

0.309 𝜂2=0.050 

F(4,24)=  2.34 p= 

0.084 𝜂2=0.070 

 Maternal urine 
F(4,4)=  3.13 p= 

0.148 𝜂2=0.097 

F(4,40)=  0.957 p= 

0.442 𝜂2=0.021 

F(4,28)= 0.726, p= 

0.581 𝜂2=0.029 

BzPB Breastmilk  
F(4,32)=  0.729 p= 

0.579 𝜂2=0.021 

F(4,24)=  2.21 p= 

0.098 𝜂2=0.071 

iBuPB Breastmilk   
F(4,24)= 2.69 p= 

0.055 𝜂2=0.076 

 

HIGH NEGATIVE EMOTIONALITY 
Time 

T0 T1 T2 

MePB Breastmilk  
F(4,40)=  0.925 p= 

0.459 𝜂2=0.019 

F(4,40)=  0.864 p= 

0.494 𝜂2=0.018 

 Maternal urine 
F(4,16)=  0.975 p= 

0.448 𝜂2=0.042 

F(4,40)=  0.486 p= 

0.746 𝜂2=0.010 

F(4,40)=  0.540 p= 

0.707 𝜂2=0.011 

EtPB Breastmilk  
F(4,32)=  1.18 p= 

0.336 𝜂2=0.029 

F(4,24)=  0.294 p= 

0.879 𝜂2=0.011 
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 Maternal urine  
F(4,40)=  0.788 p= 

0.540 𝜂2=0.014 

F(4,28)=  1.38 p= 

0.266 𝜂2=0.030 

PrPB Breastmilk  
F(4,28)= 1.094, p= 

0.379 𝜂2=0.035 

F(4,24)= 0.377 p= 

0.823 𝜂2=0.014 

 Maternal urine 
F(4,4)=  358.205 p 

<.001 𝜂2=0.700 

F(4,40)=  0.920 p= 

0.462 𝜂2=0.017 

F(4,28)= 0.661, p= 

0.624 𝜂2=0.017 

BzPB Breastmilk  
F(4,32)=  1.74 p= 

0.165 𝜂2=0.041 

F(4,24)=  1.62 p= 

0.201 𝜂2=0.057 

iBuPB Breastmilk   
F(4,24)=  0.646 p= 

0.635 𝜂2=0.022 

 

f. Parabens compound and infant neurodevelopment interaction 

COGNITIVE DEVELOPMENT 
Time 

T0 T1 T2 

MePB Breastmilk  
F(1,7)=  1.030 p= 

0.344 𝜂2=0.032 

F(1,7)=  0.289 p= 

0.607 𝜂2=0.012 

 Maternal urine 
F(1,1)=  0.0013 p= 

0.977 𝜂2=0.000 

F(1,7)= 0.294 p= 

0.604 𝜂2=0.010 

F(1,7)= 0.0278 p= 

0.872 𝜂2=0.001 

EtPB Breastmilk  
F(1,6)=  3.709 p= 

0.102 𝜂2=0.084 

F(1,6)=  2.103 p= 

0.197  𝜂2=0.110 

 Maternal urine  
F(1,7)= 0.142 p= 

0.717 𝜂2=0.005 

F(1,4)= 2.069 p= 

0.224 𝜂2=0.151 

PrPB Breastmilk  
F(1,5)=  1.545 p= 

0.269 𝜂2=0.053 

F(1,6)=  0.410 p= 

0.545 𝜂2=0.029 

 Maternal urine  
F(1,7)= 0.700 p= 

0.430 𝜂2=0.0023 

F(1,2)= 2.02 p= 

0.291 𝜂2=0.082 

BzPB Breastmilk  
F(1,6)=  0.431 p= 

0.536 𝜂2=0.021 

F(1,6)=  1.29 p= 

0.299 𝜂2=0.076 

iBuPB Breastmilk   
F(1,6)= 0.7401 p= 

0.423 𝜂2=0.053 

 

LANGUAGE DEVELOPMENT 
Time 

T0 T1 T2 
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MePB Breastmilk  
F(1,7)=  0.332 p= 

0.582 𝜂2=0.014 

F(1,7)=  0.179 p= 

0.685 𝜂2=0.008 

 Maternal urine 
F(1,1)=  1.03 p= 

0.496 𝜂2=0.061 

F(1,7)= 0.167 p= 

0.695 𝜂2=0.008 

F(1,7)= 0.496; p= 

0.504 𝜂2=0.022 

EtPB Breastmilk  
F(1,6)=  0.171 p= 

0.693 𝜂2=0.008 

F(1,6)=  1.74 p= 

0.236  𝜂2=0.065 

 Maternal urine  
F(1,7)= 5.619 p= 

0.050 𝜂2=0.146 

F(1,4)= 0.0667 p= 

0.809  𝜂2=0.004 

PrPB Breastmilk  
F(1,5)=  0.117 p= 

0.746 𝜂2=0.008 

F(1,6)=  1.078 p= 

0.339; 𝜂2=0.046 

 Maternal urine  
F(1,7)= 0.0461 p= 

0.836 𝜂2=0.002 

F(1,2)= 0.0218; p= 

0.896 𝜂2=0.001 

BzPB Breastmilk  
F(1,6)=  0.082 p= 

0.784 𝜂2=0.004 

F(1,6)=  1.928 p= 

0.214 𝜂2=0.073 

iBuPB Breastmilk   
F(1,6)= 0.079 p= 

0.788 𝜂2=0.004 

 

MOTOR DEVELOPMENT 
Time 

T0 T1 T2 

MePB Breastmilk  
F(1,7)=  0.161 p=  

0.701; 𝜂2=0.006 

F(1,7)=  0.734 p=  

0.420 𝜂2=0.028 

 Maternal urine 
F(1,1)=  0.1805 p=  

0.744 𝜂2=0.126 

F(1,7)=  0.169 p=  

0.694; 𝜂2=0.007 

F(1,7)=  0.375 p=  

0.560 𝜂2=0.018 

EtPB Breastmilk  
F(1.6)=  1.84 p=  

0.224 𝜂2=0.046 

F(1,6)=  7.53 p=  

0.034 𝜂2=0.174 

 Maternal urine  
F(1,7)=  0.549 p=  

0.483 𝜂2=0.021 

F(1,4)=  0.0182 p=  

0.899 𝜂2=0.001 

PrPB Breastmilk  
F(1,5)=  0.170 p=  

0.697 𝜂2=0.004 

F(1,5)=  0.170 p=  

0.697 𝜂2=0.053 

 Maternal urine  
F(1,7)=  0.0243 p=  

0.881 𝜂2=0.001 

F(1,2)=  0.169; p=  

0.721 𝜂2=0.008 

BzPB Breastmilk  
F(1,6)=  1.22 p=  

0.311 𝜂2=0.032 

F(1,6)=  0.323 p=  

0.590 𝜂2=0.021 

iBuPB Breastmilk   
F(1,6)=  0.0717 p= 

0.798 𝜂2=0.005 
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SOCIOEMOTIONAL 

DEVELOPMENT 

Time 

T0 T1 T2 

MePB Breastmilk  
F(1,7)=  3.2615 p= 

0.114 𝜂2=0.099 

F(1,7)=  0.461 p= 

0.519 𝜂2=0.023 

 Maternal urine 
F(1,1)=  1.53 p= 

0.433 𝜂2= 0.085 

F(1,7)= 0.281 p= 

0.612 𝜂2= 0.012 

: F(1,7)= 0.328 p= 

0.585; 𝜂2= 0.014 

EtPB Breastmilk  
F(1.6)=  1.3026 p= 

0.297 𝜂2=0.059 

F(1,6)=  0.0498 p= 

0.831  𝜂2=0.003 

 Maternal urine  
F(1,7)= 0.685 p= 

0.435 𝜂2=0.027 

F(1,4)= 0.0401 p= 

0.851 𝜂2= 0.001 

PrPB Breastmilk  
F(1,5)=  6.6478 p= 

0.050 𝜂2=0.177 

F(1,6)=  7.80 p= 

0.031 𝜂2=0.180 

 Maternal urine  
F(1,7)= 0.0342 p= 

0.577 𝜂2= 0.015 

F(1,2)= 0.847 p= 

0.455 𝜂2= 0.041 

BzPB Breastmilk  
F(1,6)=  1.294 p= 

0.299 𝜂2= 0.066 

F(1,6)=  5.59 p= 

0.056 𝜂2= 0.150 

iBuPB Breastmilk   
F(1,6)= 0.0063 p= 

0.939 𝜂2= 0.939 

 

ADAPTIVE BEHAVIORAL 

DEVELOPMENT 

Time 

T0 T1 T2 

MePB Breastmilk  
F(1,7)=  0.0376 p= 

0.852 𝜂2= 0.001 

F(1,7)=  1.15 p= 

0.318 𝜂2= 0.038 

 Maternal urine 
F(1,1)=  6.70 p= 

0.235 𝜂2=0.117 

F(1,7)= 0.6444 p= 

0.449 𝜂2=0.022 

F(1,7)= 1.879 p= 

0.213 𝜂2=0.054 

EtPB Breastmilk  
F(1,6)=  2.69 p= 

0.152 𝜂2= 0.080 

F(1,6)=  2.72 p= 

0.150 𝜂2= 0.072 

 Maternal urine  
F(1,7)= 0.3698 p= 

0.562 𝜂2=0.013 

F(1,4)= 0.7541 p= 

0.434 𝜂2=0.029 

PrPB Breastmilk  
F(1,5)=  0.178, p = 

0.690 𝜂2= 0.010 

F(1,6)=  0.222, p= 

0.654 𝜂2= 0.008 

 Maternal urine  
F(1,7)= 0.353 p= 

0.571 𝜂2=0.013 

F(1,2)= 0.262 p= 

0.660 𝜂2=0.039 
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BzPB Breastmilk  
F(1,6)=  1.970 p= 

0.210 𝜂2= 0.072 

F(1,6)=  0.201 p= 

0.670 𝜂2= 0.008 

iBuPB Breastmilk   
F(1,6)= 0.0796 p= 

0.407 𝜂2= 0.028 

 

g. Maternal and infant lifestyle and infant growth interaction 

BODY WEIGHT 
TIME 

T0 T1 T2 

Maternal lifestyle 
F(4,248)=  0.213 p= 

0.931 𝜂2=0.001 

F(4,232)=  0.151 p= 

0.962 𝜂2=0.001 

F(4,224)=  0.0599 p= 

0.993 𝜂2=0.000 

Maternal care products 
F(4,248)=  0.531 p= 

0.713 𝜂2=0.003 

F(4,232)=  1.031 p= 

0.392 𝜂2=0.005 

F(4,224)=  0.243 p= 

0.914 𝜂2=0.001 

Maternal kitchen habits 
F(4,248)=  2.31 p= 

0.059 𝜂2= .010 

F(4,232)=  0.531 p= 

0.713 𝜂2= .002 

F(4,224)=  1.353 p= 

0.251 𝜂2= .007 

Maternal nutritional 

habits 

F(4,224)=  1.017 p= 

0.399 𝜂2=0.004 

F(4,228)=  0.456 p= 

0.768 𝜂2=0.002 

F(4,204)=  0.571 p= 

0.684 𝜂2=0.003 

Infant lifestyle  
F(4,248)=  1.153 p= 

0.332 𝜂2=0.005 

F(4,212)=  0.322 p= 

0.863 𝜂2=0.002 

Infant nutritional 

habits_breastmilk 
 

F(4,248)=  1.590 p= 

0.178 𝜂2=0.003 

F(4,212)= 7.040 p <.001 𝜂2=0.013 

Infant nutritional 

habits_artificial milk 
 

F(4,248)= 0.792 .p= 

0.531 𝜂2=0.002 

F(4,212)= 6.389 p <.001 𝜂2=0.008 

 

AGD1 – MALES 
Time 

T0 T1 T2 

Maternal lifestyle 
F(4,120)=  0.685 p= 

0.603𝜂2=0.014 

F(4,112)=  0.176 p= 

0.951 𝜂2=0.004 

F(4,116)=  0.786 p= 

0.537𝜂2=0.016 

Maternal care products 
F(4,120)=  0.486 p= 

0.746 𝜂2=0.010 

F(4,112)=  0.345 p= 

0.847 𝜂2=0.008 

F(4,116)=  1.15 p= 

0.338 𝜂2=0.023 

Maternal kitchen habits 
F(4,120)=  0.269 p=  

0.897 𝜂2=0.006 

F(4,112)=  0.756 p=  

0.556 𝜂2=0.016 

F(4,116)=  1.21 p=  

0.312 𝜂2=0.024 

Maternal nutritional 

habits 

F(4,112)=  0.310 p= 

0.871 𝜂2=0.006 

F(4,104)=  0.580 p= 

0.677 𝜂2=0.014 

F(4,104)=  0.433 p= 

0.784 𝜂2=0.010 
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Infant lifestyle  
F(4,124)=  0.268 p= 

0.898 𝜂2=0.005 

F(4,108)= 0.417 p= 

0.796 𝜂2=0.009 

Infant nutritional 

habits_breastmilk 
 

F(4,124)= 1.92; p= 

0.111 𝜂2=0.027 

F(4,108)= 3.71; p= 

0.007𝜂2=0.055 

Infant nutritional 

habits_artificial milk 
 

F(4,124)= 0.904 p= 

0.464 𝜂2=0.013 

F(4,108)= 3.89 p= 0.005 𝜂2=0.048 

 

AGD2 – MALES 
Time 

T0 T1 T2 

Maternal lifestyle 
F(4,120)=  1.51 p= 

0.203 𝜂2=0.021 

F(4,112)=  0.799 p= 

0.529 𝜂2=0.014 

F(4,116)=  1.17 p= 

0.327 𝜂2=0.017 

Maternal care products 
F(4,120)=  0.778 p= 

0.542 𝜂2=0.011 

F(4,112)=  1.25 p= 

0.293 𝜂2=0.021 

F(4,116)=  0.594 p= 

0.667 𝜂2=0.009 

Maternal kitchen habits 
F(4,120)=  1.11 p=  

0.353 𝜂2=0.015 

F(4,112)=  1.33 p=  

0.262 𝜂2=0.022 

F(4,116)=  1.24 p=  

0.297 𝜂2=0.018 

Maternal nutritional 

habits 

F(4,112)=  0.147 p= 

0.964 𝜂2=0.002 

F(4,104)=  0.778 p= 

0.542 𝜂2=0.014 

F(4,104)=  0.638 p= 

0.636 𝜂2=0.010 

Infant lifestyle  
F(4,124)=  0.437 p= 

0.782 𝜂2=0.006 

F(4,108)=  0.369 p= 

0.830 𝜂2=0.006 

Infant nutritional 

habits_breastmilk 
 

F(4,124)=  1.84 p= 

0.126 𝜂2=0.024 

F(4,108)=  0.363 p= 

0.834  𝜂2=0.006 

Infant nutritional 

habits_artificial milk 
 

F(4,124)=  1.57 p= 

0.187 𝜂2=0.020 

F(4,108)=  0.636 p= 

0.638 𝜂2=0.009 

 

AGD1 - FEMALES 
Time 

T0 T1 T2 

Maternal lifestyle 
F(4,120)=  0.624 p= 

0.647𝜂2=0.013 

F(4,112)=  0.163 p= 

0.957 𝜂2=0.004 

F(4,100)=  0.712 p= 

0.586 𝜂2=0.017 

Maternal care products 
F(4,120)=  0.536 p= 

0.710 𝜂2=0.011 

F(4,112)=  0.445 p= 

0.776 𝜂2=0.010 

F(4,100)=  1.39 p= 

0.243 𝜂2=0.033 

Maternal kitchen habits 
F(4,120)=  0.371 p=  

0.829 𝜂2= .008 

F(4,112)=  0.278 p=  

0.892 𝜂2= .006 

F(4,100)=  0.456 p=  

0.768 𝜂2= .001 

Maternal nutritional 

habits 

F(4,104)=  1.46 p= 

0.220 𝜂2=0.033 

F(4,116)=  0.404 p= 

0.805 𝜂2=0.008 

F(4,92)=  0.872 p= 

0.484 𝜂2=0.023 
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Infant lifestyle  
F(4,116)=  1.60 p= 

0.178 𝜂2=0.031 

F(4,100)=  0.523 p= 

0.719 𝜂2=0.015 

Infant nutritional 

habits_breastmilk 
 

F(4,116)=  2.56 p= 

0.042 𝜂2=0.047 

F(4,100)=  1.55 p= 

0.195  𝜂2=0.035 

Infant nutritional 

habits_artificial milk 
 

F(4,116)=  3.89 p= 

0.005 𝜂2=0.069 

F(4,100)=  0.832 p= 

0.508 𝜂2=0.018 

 

AGD2 - FEMALES 
Time 

T0 T1 T2 

Maternal lifestyle 
F(4,120)=  0.614 p= 

0.653 𝜂2=0.009 

F(4,112)=  0.451 p= 

0.771 𝜂2=0.007 

F(4,100)=  2.49, p= 

0.048 𝜂2=0.041 

Maternal care products 
F(4,120)=  0.1549 p= 

0.960 𝜂2=0.002 

F(4,112)=  0.671 p= 

0.614 𝜂2=0.011 

F(4,100)=  0.370 p= 

0.829 𝜂2=0.007 

Maternal kitchen habits 
F(4,120)=  0.890 p=  

0.472 𝜂2= .013 

F(4,112)=  1.13 p=  

0.345 𝜂2= .018 

F(4,100)=  1.10 p=  

0.359 𝜂2= .019 

Maternal nutritional 

habits 

F(4,104)=  0.564 p= 

0.689 𝜂2=0.016 

F(4,116)=  1.84 p= 

0.127 𝜂2=0.024 

F(4,92)=  1.68 p= 0.161 𝜂2=0.031 

Infant lifestyle  
F(4,116)=  3.04 p= 

0.020 𝜂2=0.043 

F(4,100)=  0.957 p= 

0.435 𝜂2=0.026 

Infant nutritional 

habits_breastmilk 
 

F(4,116)=  2.06 p= 

0.091 𝜂2=0.031 

F(4,100)=  0.409 p= 

0.802 𝜂2=0.011 

Infant nutritional 

habits_artificial milk 
 

F(4,116)=  1.70 p= 

0.156 𝜂2=0.026 

F(4,100)=  0.336 p= 

0.853 𝜂2=0.009 

 

h. Maternal and infant lifestyle and infant emotionality in FFSF 

NEGATIVE 

EMOTIONALITY 

Time 

T0 T1 T2 

Maternal lifestyle 
F(4,236)=  0.309 p= 

0.872 𝜂2=0.002 

F(4,220)=  0.308 p= 

0.870 𝜂2=0.002 

F(4,216)=  0.875 p= 

0.479 𝜂2=0.005 

Maternal care products 
F(4,236)=  1.088 p= 

0.363 𝜂2=0.005 

F(4,220)=  0.241 p= 

0.915 𝜂2=0.001 

F(4,216)=  1.25 p= 

0.293 𝜂2=0.007 

Maternal kitchen habits 
F(4,236)=  2.503 p=  

0.043 𝜂2=0.013 

F(4,220)=  1.323 p=  

0.262 𝜂2=0.007 

F(4,216)=  2.01 p=  

0.094 𝜂2=0.011 
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Maternal nutritional 

habits 

F(4,220)=  0.308 p= 

0.872 𝜂2=0.002 

F(4,216)=  0.218 p= 

0.928 𝜂2=0.001 

F(4,192)=  0.528 p= 

0.716 𝜂2=0.003 

Infant lifestyle  
F(4,244)=  0.714 p= 

0.583 𝜂2=0.004 

F(4,200)=  0.481 p= 

0.750 𝜂2=0.003 

Infant nutritional 

habits_breastmilk 
 

F(4,244)= 1.23 p= 0.297 𝜂2=0.003 

F(4,200)=  0.808 p= 

0.521 𝜂2=0.005 

Infant nutritional 

habits_artificial milk 
 

F(4,244)=  1.275 p= 

0.280 𝜂2=0.006 

F(4,200)=  1.82 p= 

0.126 𝜂2=0.010 

 

LOW NEGATIVE 

EMOTIONALITY 

Time 

T0 T1 T2 

Maternal lifestyle 
F(4,236)=  0.655 p= 

0.624 𝜂2=0.004 

F(4,220)=  0.875 p= 

0.480 𝜂2=0.005 

F(4,216)=  0.871 p= 

0.482 𝜂2=0.005 

Maternal care products 
F(4,236)=  0.507 p= 

0.731 𝜂2=0.003 

F(4,220)=  0.720 p= 

0.579 𝜂2=0.004 

F(4,216)=  1.50 p= 

0.203 𝜂2=0.009 

Maternal kitchen habits 
F(4,236)=  1.24 p=  

0.296 𝜂2=0.007 

F(4,220)=  1.52 p=  

0.198 𝜂2=0.009 

F(4,216)=  1.62 p=  

0.169 𝜂2=0.010 

Maternal nutritional 

habits 

F(4,220)=  0.656 p= 

0.623 𝜂2=0.007 

F(4,216)=  0.632 p= 

0.640 𝜂2=0.004 

F(4,192)=  0.652 p= 

0.626 𝜂2=0.005 

Infant lifestyle  
F(4,244)=  0.390 p= 

0.816 𝜂2=0.002 

F(4,200)=  2.02 p= 

0.093 𝜂2= 0.012 

Infant nutritional 

habits_breastmilk 
 

F(4,244)= 0.669 p= 

0.614 𝜂2=0.003 

F(4,200)=  0.752 p= 

0.558 𝜂2=0.004 

Infant nutritional 

habits_artificial milk 
 

F(4,244)=  0.952 p= 

0.435 𝜂2=0.005 

F(4,200)=  1.44 p= 

0.223 𝜂2=0.008 

 

HIGH NEGATIVE 

EMOTIONALITY 

Time 

T0 T1 T2 

Maternal lifestyle 
F(4,236)=  0.572 p= 

0.683 𝜂2=0.003 

F(4,220)=  0.175 p= 

0.951 𝜂2=0.001 

F(4,216)=  0.738 p= 

0.567 𝜂2=0.004 

Maternal care products 
F(4,236)=  1.60 p= 

0.176 𝜂2=0.007 

F(4,220)=  0.206 p= 

0.935 𝜂2=0.001 

F(4,216)=  0.982 p= 

0.418 𝜂2=0.005 

Maternal kitchen habits 
F(4,236)=  1.93 p=  

0.106 𝜂2=0.009 

F(4,220)=  0.448 p=  

0.774 𝜂2=0.002 

F(4,216)=  0.687 p=  

0.602 𝜂2=0.004 
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Maternal nutritional 

habits 

F(4,220)=  0.0638 p= 

0.992 𝜂2=0.000 

F(4,216)=  0.289 p= 

0.885 𝜂2=0.002 

F(4,192)=  0.232 p= 

0.920 𝜂2=0.001 

Infant lifestyle  
F(4,244)=  0.324 p= 

0.862 𝜂2=0.002 

F(4,200)=  1.145 p= 

0.336 𝜂2=0.007 

Infant nutritional 

habits_breastmilk 
 

F(4,244)= 0.720 p= 

0.579 𝜂2=0.003 

F(4,200)=  0.333 p= 

0.885 𝜂2=0.002 

Infant nutritional 

habits_artificial milk 
 

F(4,244)=  0.887 p= 

0.472 𝜂2=0.004 

F(4,200)=  0.692 p= 

0.598 𝜂2=0.004 

 

i. Maternal and infant lifestyle and infant neurodevelopment 

COGNITIVE 

DEVELOPMENT 

Time 

T0 T1 T2 

Maternal lifestyle 
F(1,52)=  0.0188 p= 

0.891 𝜂2=0.000 

F(1,48)=  0.0793 p= 

0.779 𝜂2=0.000 

F(1,46)=  0.00737 p= 

0.932 𝜂2=0.000 

Maternal care products 
F(1,52)=  3.54 p= 0.065 𝜂2=0.020 

F(1,48)=  0.924 p= 

0.341 𝜂2=0.005 

F(1,46)=  2.38 p= 0.130 𝜂2=0.017 

Maternal kitchen habits 
F(1,52)=  6.00 p=  

0.018 𝜂2=0.031 

F(1,48)=  1.14 p=  

0.290 𝜂2=0.007 

F(1,46)=  1.08 p=  

0.305 𝜂2=0.008 

Maternal nutritional 

habits 

F(1,46)=  0.477 p= 

0.493 𝜂2=0.003 

F(1,48)=  2.57 p= 0.115 𝜂2=0.015 

F(1,39)=  0.0212 p= 

0.885 𝜂2=0.000 

Infant lifestyle  
F(1,50)=  4.00 p= 0.051 𝜂2=0.021 

F(1,47)=  0.0393 p= 

0.844 𝜂2=0.000 

Infant nutritional 

habits_breastmilk 
 

F(1,50)=  0.359 p= 

0.552 𝜂2=0.002 

F(1,47)=  0.4239 p= 

0.518 𝜂2=0.003 

Infant nutritional 

habits_artificial milk 
 

F(1,50)=  0.235 p= 

0.630 𝜂2=0.001 

F(1,47)=  0.318 p= 

0.576 𝜂2=0.002 

 

LANGUAGE 

DEVELOPMENT 

Time 

T0 T1 T2 

Maternal lifestyle 
F(1,52)=  9.66e-5 p= 

0.992𝜂2=0.000 

F(1,48)=  0.0823 p= 

0.775 𝜂2=0.000 

F(1,46)=  0.114 p= 

0.737 𝜂2=0.001 

Maternal care products 
F(1,52)=  0.556 p= 

0.459 𝜂2=0.003 

F(1,48)=  0.735 p= 

0.396 𝜂2=0.004 

F(1,46)=  1.06 p= 0.308 𝜂2=0.006 
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Maternal kitchen habits 
F(1,52)=  0.522 p= 

0.473 𝜂2=0.003 

F(1,48)=  0.02059 p= 

0.887 𝜂2=0.000 

F(1,46)=  0.124 p= 

0.726 𝜂2=0.001 

Maternal nutritional 

habits 

F(1,46)=  0.575 p= 

0.452 𝜂2=0.005 

F(1,48)=  0.0456 p= 

0.832 𝜂2=0.000 

F(1,39)=  1.236 p= 

0.273 𝜂2=0.007 

Infant lifestyle  
F(1,50)=  0.106 p= 

0.746 𝜂2=0.000 

F(1,47)= 0.0937 p= 

0.761 𝜂2=0.001 

Infant nutritional 

habits_breastmilk 
 

F(1,50)=  0.05421 p=  

0.817 𝜂2=0.000 

F(1,47)=  1.73 p= 0.195 𝜂2=0.010 

Infant nutritional 

habits_artificial milk 
 

F(1,50)=  1.90e-4 p=  

0.989 𝜂2=0.000 

F(1,47)=  2.79 p= 0.101 𝜂2=0.015 

 

MOTOR 

DEVELOPMENT 

Time 

T0 T1 T2 

Maternal lifestyle 
F(1,52)=  0.10677 p= 

0.745 𝜂2=0.001 

F(1,48)=  0.2816 p= 

0.598 𝜂2=0.002 

F(1,46)=  1.9763 p= 

0.166 𝜂2=0.012 

Maternal care products 
F(1,52)=  1.661 p= 

0.203 𝜂2=0.009 

F(1,48)=  6.544 p= 

0.014 𝜂2=0.035 

F(1,46)=  2.8238 p= 

0.100 𝜂2=0.017 

Maternal kitchen habits 
F(1,52)=  0.1819 p= 

0.671 𝜂2=0.001 

F(1,48)=  0.00712 p= 

0.933 𝜂2=0.000 

F(1,46)=  1.65 p= 0.206 𝜂2=0.009 

Maternal nutritional 

habits 

F(1,46)=  0.4240 p= 

0.518 𝜂2=0.003 

F(1,48)=  2.140 p= 

0.150 𝜂2=0.012 

F(1,39)=  0.384 p= 

0.539 𝜂2=0.002 

Infant lifestyle  
F(1,50)=  0.0467 p= 

0.830 𝜂2=0.000 

F(1,47)=  1.325 p= 

0.255 𝜂2=0.008 

Infant nutritional 

habits_breastmilk 
 

F(1,50)=  1.0152 p=  

0.318 𝜂2=0.006 

F(1,47)=  0.612 p= 

0.438 𝜂2=0.004 

Infant nutritional 

habits_artificial milk 
 

F(1,50)=  1.59992 p= 

0.212 𝜂2=0.009 

F(1,47)=  2.327 p= 

0.134 𝜂2=0.012 

 

SOCIOEMOTIONAL 

DEVELOPMENT 

Time 

T0 T1 T2 

Maternal lifestyle 
F(1,52)=  0.0277 p=  

0.868 𝜂2=0.000 

F(1,48)=  0.0177 p=  

0.895 𝜂2=0.000 

F(1,46)=  0.133 p=  

0.717 𝜂2=0.001 

Maternal care products 
F(1,52)=  0.0597 p=  

0.808 𝜂2=0.000 

F(1,48)=  0.2880 p=  

0.594 𝜂2=0.001 

F(1,46)=  0.161 p=  

0.690 𝜂2=0.001 
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Maternal kitchen habits 
F(1,52)=  0.0366 p= 

0.849 𝜂2=0.000 

F(1,48)=  0.885 p= 

0.352 𝜂2=0.003 

F(1,46)=  0.893 p= 

0.350 𝜂2=0.004 

Maternal nutritional 

habits 

F(1,46)=  0.506 p=  

0.480 𝜂2=0.002 

F(1,48)=  0.0810 p=  

0.777 𝜂2=0.000 

F(1,39)=  1.22023 p=  

0.276 𝜂2=0.006 

Infant lifestyle  
F(1,50)=  0.0817 p= 

0.776 𝜂2=0.000 

F(1,47)=  1.361 p= 

0.249 𝜂2=0.005 

Infant nutritional 

habits_breastmilk 
 

F(1,50)=  0.3406 p=  

0.562 𝜂2=0.001 

F(1,47)=  0.00637 p= 

0.937 𝜂2=0.000 

Infant nutritional 

habits_artificial milk 
 

F(1,50)=  1.0826 p= 

0.303 𝜂2=0.004 

F(1,47)=  0.0931 p= 

0.762 𝜂2=0.000 

 

ADAPTIVE 

BEHAVIORAL 

DEVELOPMENT 

Time 

T0 T1 T2 

Maternal lifestyle 
F(1,52)=  0.0857 p=  

0.771 𝜂2=0.000 

F(1,48)=  0.123 p=  

0.727 𝜂2=0.000 

F(1,46)=  1.08 p=  0.303 𝜂2=0.003 

Maternal care products 
F(1,52)=  0.0628 p=  

0.803 𝜂2=0.000 

F(1,48)=  0.261 p=  

0.612 𝜂2=0.001 

F(1,46)=  0.621 p=  

0.435 𝜂2=0.002 

Maternal kitchen habits 
F(1,52)=  1.08 p= 0.304 𝜂2=0.003 

F(1,48)=  0.00113 p= 

0.973 𝜂2=0.000 

F(1,46)=  2.84 p= 0.099 𝜂2=0.008 

Maternal nutritional 

habits 

F(1,46)=  0.152 p=  

0.699 𝜂2=0.001 

F(1,48)=  0.0346 p=  

0.853 𝜂2=0.000 

F(1,39)=  3.60 p=  0.065 𝜂2=0.011 

Infant lifestyle  
F(1,50)=  0.800 p= 

0.375 𝜂2=0.002 

F(1,47)=  1.000 p= 

0.323 𝜂2=0.003 

Infant nutritional 

habits_breastmilk 
 

F(1,50)=  4.01e-4 p=  

0.984 𝜂2=0.000 

F(1,47)=  0.0893 p= 

0.766 𝜂2=0.000 

Infant nutritional 

habits_artificial milk 
 

F(1,50)=  0.315 p= 

0.577 𝜂2=0.001 

F(1,47)=  0.324 p= 

0.572 𝜂2=0.001 
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SUPPLEMENTARY MATERIAL  

Notes. Only the Infant Emotionality Coding System (IECS) used for the FFSF coding is 

reported.  

 

Parent-Infant Coding System, PICS 

Maddalena Brambilla1, Serena Grumi2, Vanessa Manfredini3, Giada Pettenati3, Livio Provenzi2 

1 University of Parma, Italy; 2, IRCCS Mondino Foundation, Pavia, Italy; 3, University of Pavia, Italy 

 

 

 

 

 

This manual is meant to guide the micro-analytic coding of videotaped parent-infant 

interaction. The focus is on specific infants’ and parent’s behaviors that can be discretely 
depicted in 1- or 2-sec micro-analytical coding. The infant components are: 

- Infant Emotionality Coding System (IECS) 

- Infant Attention-focus Coding System (IACS) 

- Infant Socio-cognitive Coding System (ISCS) 

- Infant Regulation Coding System (IRCS) 

The parent components are: 

- Parent Touch Coding System (PTCS) 

- Parent Voice Coding System (PVCS) 

 

The coding systems have been derived from previous systems to maximize the balance 

among simplicity of use, simplicity of training, and sensitivity to relevant behavioral 

dimensions of parent-infant interaction. For what pertains infants, the use of the ISCS is 

meant to be alternative to the use of the combination of IECS and IACS. The first two 

components of infant behavior (IECS and IACS) can be also adapted to code maternal 

emotionality (MECS) and attention-focus (MACS), in order to obtain at post-hoc a sequence 

of matched and non-matched dyadic states of emotional states and gaze. 
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IECS 

INFANT EMOTIONALITY CODING SYSTEM 

The Infant Emotionality Coding System (IECS) is a tool to assess the micro-analytical 

display of emotional states by infants during a parent-infant interaction. It provides an 

immediate and qualitative distinction among positive, neutral, and negative emotional states. 

It includes four mutually exclusive codes.  

CODING LABEL DESCRIPTION 

0 Cannot 
see 

The infant face is covered, or it is only partially evident (e.g., the 
infant look at the other side of the camera and the face is only half-
visible) and is not possible to code the facial emotional expression. 
Use this code also for cases in which the emotional expression of 
the infant cannot be clearly coded due to technical issues. 

1 Negative In general, the code refers to emotional facial configuration that can 
be accompanied or not by vocalization. The infant displays clear 
negative emotionality. Negative emotionality might be expressed 
through facial expression (eyes, mouth, general movement of the 
face muscle and/or of the body), and/or non-verbal communication 
(cry, to be fussy, stressed, shout). To code 1, there should be clear 
expressions of negative emotionality.  
Please, code which specific kind of negative emotionality 
expression the infant shows (a, b):  

a) DISTRESS: the facial configuration of distress is often 
accompanied by closing of the eyes, cheeks raising, mouth 
opening and horizontal lip stretching. Eyebrows can be slightly 
raised and can meet at the center of the forehead; the corner of 
the mouth can be mild turn down. Mouth either open or closed. 
It does not correspond to over crying. The infant may appears 
worried, disappointed, scared, grumpy, and annoyed. Distress 
maybe accompanied by vocalization (i.e., fussing, whine) or 
body activation.   

b) CRY FACES: eyes narrow or closed and compressed by brow-
furrowing. Mouth open with corners pulled downward; 
nasolabial folds apparent; infant looks clearly distressed. The 
infant can sobs.  

2 Neutral The infant does not display clear positive or negative emotionality 
through facial expression or other modalities (e.g., the infant is 
calm, relaxed). Code 2 if the infant yawns, stretches her/his body, 
rubs eyes. Also, the infant curiously scans the environment or 
“converses” with the mother.  

3 Positive In general, the infant displays clear positive emotionality. Positive 
emotionality might be expressed through facial expression (e.g., 
eyes, mouth, general movement of the face muscle and/or of the 
body) or vocalizations (e.g., laughing). To code 3, there should be 
clear expressions of positive emotionality.  
Please, code which specific kind of positive emotionality 
expression the infant shows (a, b):  
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a) SMILE: closed or slightly open mouth smile in which lips can be 
turned up and so the corner of the mouth lead to cheek puffing. 
Brows remain neutral. The infant appears satisfied. 

b) LAUGH: lips pulled back and turned up, mouth open, cheek 
raised. Eyes narrow and sometimes crows feed crinkling at 
outer edges of eyes. Eyes convey bright and animated 
pleasure. The infants’ laugh can be accompanied or not by 
vocalizations. 

 

Disentangling notes 

(i) If positive and negative emotionality occurs in the same interval, please code the emotion 

that lasts longer. 

(ii) If negative or positive and neutral emotionality occurs in the same interval, please code 

negative or positive emotion. 

(iii) Also, the specific codes (a and b) are mutually exclusive. If they occur in the same 

interval, please code b. 

(iv) If the infant is stimulated by the mother around the orofacial area he/she can open the 

mouth. In this case, do not confuse this with an emotional facial expression.  


