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Abstract: International research has underlined the role played by children’s and maternal psy-
chopathological symptoms on the onset of avoidant/restrictive food intake disorder (ARFID) in
early childhood. No study has considered the possible interplay between children’s dopamine trans-
porter (DAT1) genotype and methylation, dysregulation problems and maternal psychopathological
risk. This study aimed to investigate the complex relationship between these variables, considering
the possible mediation role played by children’s DAT1 methylation on the relationship between
mothers’ psychopathological risk and children’s dysregulation problems, moderated by children’s
DAT1 genotype. Our sample consisted of 94 early children and their mothers, divided into four
subgroups, based on children’s ARFID subtypes (irritable/impulsive (I/I), sensory food aversions
(SFA), post-traumatic feeding disorders subtypes (PTFD), and a non-clinical group (NC)). We ad-
dressed children’s dysregulation problems and maternal psychopathological risk, and collected
children’s DNA through buccal swabs. Results showed that children’s 9/x genotype was associated
with PTFD and NC groups, whereas the 10/10 genotype was associated with the SFA group, with
large effect size. There were significant large differences in the study groups on children’s DAT1
total methylation, children’s dysregulation problems, and maternal psychopathological risk. Chil-
dren’s DAT1 methylation did not mediate the relationship between mother’s psychopathological
risk and children’s dysregulation problems, but there was a significant large direct effect. Children’s
9/x genotype moderated the relationship between maternal psychopathological risk and children’s
DAT1 methylation but, respectively, with a large and small effect. Our pilot study suggested that
the relationship between children’s DAT1 genotype and methylation, dysregulation problems, and
maternal psychopathological risk has a crucial contribution to ARFID.

Keywords: avoidant/restrictive food intake disorder; diagnostic subtypes; dopamine transporter;
genotype; methylation; gene-environment interaction; psychopathological symptoms

1. Introduction
1.1. Dopamine Transporter Gene and Feeding Disorders

Central dopaminergic mechanisms play a major role in reward-motivated behav-
ior involved in eating and food choices [1,2], and are associated with positive hedonic
processes related to food [3–5]. Dopamine (DA) neurotransmission is regulated primar-
ily by DA transporter (DAT), which removes DA from the synaptic cleft back into the
presynaptic neurons. The gene that encodes the DAT protein, known as DAT1, has a
variable number of tandem repeats (VNTR) of 40 bp (3–11 repeats) in the 3′ untranslated
region (UTR). A greater gene expression has been shown associated with DAT1 10/10
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genotype [6,7]. Thus, DAT1 is implicated in a number of DA-related disorders (includ-
ing attention-deficit/hyperactivity disorder (ADHD), bipolar disorder, depression, and
substance dependence) [8–10]. Dysregulation of DA signaling (ascribable to either DAT1
polymorphisms or hyper/hypomethylation of DAT1 promoter) is also likely to be involved
in eating disorders (EDs), including bulimia nervosa and binge eating disorder [11,12]. The
higher frequency of the short allele (i.e., 7 or 9 repeats, in comparison to the long allele,
10 or 11 repeats) in the DAT1 gene reported by Shinohara and colleagues [13] suggests
decreased DAT function in patients who have EDs with binge-eating behaviors. Moreover,
increased DAT mRNA levels have been reported by Frieling and colleagues [14] on bulimic
patients. Despite the above literature, no studies to our best knowledge focused on samples
of young children. Interestingly, however, one study [15] found an association between
ADHD symptoms and disordered eating in young children, suggesting that the DA path
could be involved in the underpinning mechanism explaining both difficulties. Previous
research has shown associations between ADHD in children and DAT1 polymorphism
and methylation [16–19]. Moreover, undernutrition has been shown to be associated with
epigenetic changes in humans and DNA polymorphisms [20,21].

1.2. Bio-Psycho-Social Correlates of Avoidant/Restrictive Food Intake Disorder in Early Childhood

Recent studies, rooted in the developmental psychopathology framework [22], have
employed complex bio-psycho-social approaches evaluating the interaction of environ-
mental (maternal psychopathology) and individual factors (bio/genetic characteristics
of offspring), especially in samples of early children [23,24], also reporting significant
associations between children’s DAT1 methylation and polymorphism with maternal psy-
chopathology [18,19,25]. Notwithstanding these important results, no previous study eval-
uated DAT1 polymorphism and methylation status in children with avoidant/restrictive
food intake disorder (ARFID), a new diagnostic category included in the section of Feed-
ing and Eating Disorders of the Fifth Edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-5) [26]. Children with ARFID fail to eat adequate intake
of food and required nutrients manifesting impaired social and psychological function-
ing [26,27]. Very importantly, ARFID encompasses different clinical manifestations, and
some studies have used the term subtypes [28–31], according to the nature of their eating
restrictions. One possibility is that children may be highly selective and avoid specific
foods due to their smell, texture, or appearance, a subtype named sensory food aversion
(SFA) [27,32]. Other patients, named with the clinical labels of post-traumatic feeding
disorder (PTFD) subtype [30,32], may show food avoidance after distressing experiences
involving oropharyngeal and gastrointestinal tract. Moreover, some children with ARFID
may show characteristics of impulsiveness, irritability, and difficult to console and to
engage during meals [26,27,33]. It has also been reported significant association between
impulsive/hyperactive difficulties and food refusal behaviors among preschooler chil-
dren [15,34], as well a history of selective eating during the early childhood of children
with ADHD [35]. Although difficulties in emotional/behavioral regulation have been
posited as correlated with EDs in adolescents and adults, very few studies have focused on
children with ARFID [36–38], considering its subtypes [31,39]. Maternal psychopathology
is also frequently associated with internalizing and externalizing, emotional/behavioral
dysregulation, and eating/feeding disorders in children [28,39,40]. Moreover, although it
has been suggested that the influence of the quality of the emotional environment provided
by parents on children’s psychological well-being could be mediated by DNA methylation
mechanisms [41,42] that, in turn, could be moderated by the child’s genotype [43,44], no
study to date has assessed the role played by DAT1 in these processes.

1.3. The Present Study

Based on the above premises, this pilot study aimed at increasing knowledge of these
processes among children with three specific ARFID sub-groups (impulsive/irritable (I/I),
SFA, PTFD), compared with a control group. In accordance with previous literature [28–31],
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we have chosen to focus on three specific clinical manifestations of ARFID, defining them
in terms of subtypes. In particular, we wanted to explore: (a) the possible association
between children’s DAT1 genotype and ARFID diagnosis; (b) the possible significant dif-
ferences on children’s DAT1 total methylation, their dysregulation problems, and maternal
psychopathological risk; and (c) the possible mediation role played by children’s DAT1
methylation on the relationship between mothers’ psychopathological risk on children’s
dysregulation problems, moderated by children’s DAT1 genotype.

2. Materials and Methods
2.1. Study Design

A cross-sectional study was carried out involving N = 191 children and their mothers,
recruited through public and private kindergartens, mental health clinics, and pediatric
hospitals in central Italy. Mothers were contacted by expert psychologists who explained
the phases and the scope of the study. All mothers who decided to participate in the
study signed an informed consent form, in which the aims of the study were explained
in detail. The study was approved by the Ethical Committee of the Psychology Faculty at
the International Telematic University Uninettuno (n. 2018/3), and it is in line with the
Declaration of Helsinki (see Supplementary Materials).

2.2. Procedure

Children’s biological samples were collected through buccal swabs (Isohelix Swab
Pack) from which it is possible to extract the DNA present in the epithelial cells and subse-
quently examine genetic polymorphism and methylation status of DAT1. Mothers were
previously informed that, for at least 1 h before collecting children’s salivary sample, they
should not have eaten (including chewing gum, sweets, etc.), drunk (with the exception of
water), or brushed their teeth. Once the buccal swabs were collected, they were slightly
chilled by normal ice (+4 ◦C). After the administration of tampons, mothers filled out
self-report and report-form questionnaires (described below), for the assessment of chil-
dren’s emotional-behavioral functioning and their own psychopathological symptoms.
The administration of buccal swabs and questionnaires was made by expert psychologists
inside a room made available, respectively, by kindergartens and mental health clinics.

2.3. Participants

To recruit clinical cases we used consecutive sampling, whereas children of the control
group were randomly selected from each kindergartens. Inclusion criteria for the clinical
groups were the presence of a diagnosis of one of the three ARFID subtypes (I/I, SFA,
PTFD), without a comorbid disorder. The diagnosis subtypes were made by two clinicians,
independently (Cohen’s k = 0.81), on the basis of the clinical presentations outlined in the
DSM-5 [26,33] and in DC 0-3R [27]. The inclusion criteria of the control group were: age
range of children from 24 to 36 months; absence of physical or mental disorders in children
and/or their mothers; mothers were biological parents of the child.

2.4. Measures

For the assessment of children’s emotional-behavioral self-dysregulation, mothers
were administered the Child Behavior Check-List/1 1

2 –5 (CBCL 1 1
2 –5) [45,46]. The CBCL

1 1
2 –5 is a 99-item informant-report questionnaire through which the parent is asked to

answer on a three-point Likert scale (from 0 = “not true” to 2 = “very true or often true”).
The scores of items were grouped on seven syndrome scales: Emotionally Reactive, Anx-
ious/Depressed, Somatic Complaints, Withdrawn, Attention Problems, Aggressive Behav-
ior, and Sleep Problems. The CBCL Dysregulation Profile (DP) is composed of the sum of
the raw scores of the following syndrome scales: Anxious/Depressed, Attention Problems,
and Aggressive Behavior [47]. The scale showed very good internal consistency, with a
Cronbach’s α value of 0.79 in this study. For the assessment of maternal psychopathological
risk, mothers filled out the Symptom Check-List-90 item-Revised (SCL-90-R) [48]. The SCL-
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90-R is a 90-item self-report questionnaire aimed at evaluating psychological symptoms
and psychological distress in adults. Items are measured on a Likert scale ranging from
0 (not at all) to 4 (extremely). It is composed of nine primary dimensions (Somatization,
Obsessive-Compulsivity, Interpersonal Sensitivity, Depression, Anxiety, Hostility, Phobic
Anxiety, Paranoid Ideation, and Psychoticism), and to provide the severity and degree of
psychological distress, it is possible to calculate a Global Severity Index (GSI), used for the
aim of this study. The Italian validation [49] showed good reliability in terms of internal
consistency (Cronbach’s α = 0.70–0.96), that in this study was also adequate (Cronbach
α = 0.83).

2.5. DNA Isolation and Genotyping

DNA extraction from the buccal wall cells was performed using the Buccal-Prep Plus
DNA isolation (Isohelix), following the manufacturer’s instructions. Information of the
DAT1 gene was determined from the DAT1 gene sequence (NG_015885.1). Specifically, to
identify the DAT1 polymorphism we amplified the repeated sequence of the 3 ‘untranslated
(3′-UTR) region, by the polymerase chain reaction (PCR) technique [50]. Based on previous
studies in the field of developmental psychopathology, which compared children with at
least one allele 9-repeated (9/x; 9/9, 9/10) [17–19,51,52], results are reported considering
the absence or presence of the 9/x allele (10/10 vs. 9/9, 9/10). Allelic distributions were
consistent with Hardy–Weinberg equilibrium for each group (I/I, χ2 = 2.13, p = 0.14; SFA,
χ2 = 0.57, p = 0.45; PTFD, χ2 = 2.68, p = 0.10; NC, χ2 = 2.83, p = 0.09).

2.6. Analysis of DNA Methylation

The DNA extracted from the buccal swabs was further processed to evaluate the
amount of methylation in the 5′-UTR sequence of DAT1. The amount of methylation was
determined in six specific CpG sites (named M1, M2, M3, M5, M6 and M7), as suggested
by previous studies in the field of developmental psychopathology [17–19]. The follow-
ing primers (5′-3′) were used to amplify the gene: Fwd, AGCTACCATGCCCATCCCTA
TGTGGG; Rev, ATCAGCACTCCAACCCAACCCAAC. The DNA was amplified with the
PyroMark PCR kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol.
The PCR conditions were as follows: 95 ◦C for 15 min, followed by 45 cycles of 94 ◦C for
30 s, 56 ◦C for 30 s, 72 ◦C for 30 s, and 72 ◦C for 10 min. PCR products were verified by
agarose electrophoresis. The methylation level was analyzed using the PyroMark Q24
software (Qiagen, Hilden, Germany), which calculates the methylation percentage using
the formula mC/(mC + C) for each CpG site, allowing quantitative comparisons (mC is
the methylated cytosine and C is unmethylated cytosine). Finally, we calculated the Total
DNA methylation (overall 6 CpG sites) of this promoter region, used for statistical analyses.
Details on the sequence and the pyrosequencing assay (PM00022064) are available on the
Qiagen web site (www.qiagen.com).

2.7. Statistical Analyses

Preliminary analyses were performed using descriptive statistics (frequencies, percent-
ages, and mean scores). The association between children’s DAT1 genotype and children’s
diagnoses was examined using chi-square analysis, with the effect size represented using
Cramer’s V. Information about the frequency distribution of the variables was reported
in contingency table. If the value of an adjusted residual was more than 1.96, the num-
ber of cases in that cell was significantly larger than expected. Differences between the
four subgroups on children’s levels of DAT1 total methylation, their emotional-behavioral
self-dysregulation, and mothers’ psychopathological risk were examined using univariate
analyses of variance (ANOVAs), and partial eta squared (ηp2) were reported as a measure
of effect size. Finally, on the total sample, we explored possible mediation effects of chil-
dren’s DAT1 total methylation on the relationship between maternal GSI and children’s
score of CBCL DP, moderated by children’s DAT1 genotype. We reported R2 as a measure
of effect size. Moderated mediation analyses were performed using Hayes’s [53] PROCESS

www.qiagen.com
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macro (Model 59). Indirect (i.e., mediating) effects were evaluated with 95% bias-corrected
confidence intervals based on 10,000 bootstrap samples. Confidence intervals (CI) that do
not include zero indicate effects that are significant at α = 05. All analyses were performed
using SPSS software, Version 25.0.

3. Results
3.1. Sample Characteristics

From the total sample, N = 39 families refused to participate in the study. Moreover,
were excluded families in which children had comorbidity between SFA and infantile
anorexia (N = 9) and/or had comorbidity between PTFD and SFA (N = 2), and/or in which
a member (the child and/or the mother) was under pharmacological or psychological
treatment (N = 14), or suffering from cognitive, neurological, and/or physical problems
(N = 21). Moreover, N = 8 families were excluded because mothers did not complete all
measures, and N = 4 because it was not possible to analyze DAT1 due to errors in gathering
biological samples.

The final sample consisted of N = 94 children aged from 24 to 36 months (M = 29 months,
SD = 3.14; 51.1% males) and their mothers (M = 32.3; SD = 4.2), divided into four subgroups,
based on children’s diagnosis: (i) I/I group, composed by children with ARFID I/I subtype
diagnosis, and their mothers (N = 23); (ii) SFA group, composed by children with ARFID
SFA subtype diagnosis, and their mothers (N = 23); (iii) PTFD group, composed by children
with ARFID PTFD subtype diagnosis, and their mothers (N = 23); and (iv) NC group,
composed by children with no diagnosis, and their mothers (N = 25). Most mothers
had high school (78.5%) or university (20.1%) education, and only 1.4% of mothers had
only middle school education. The vast majority of mothers had average socioeconomic
status (94% had an average income of 25,000–30,000 Euros per year). All mothers were the
biological parent of the children and were Caucasian.

3.2. Association between Children’s Dopamine Trasnporter Genotype and Children’s Diagnoses

Chi-square analysis showed a significant association between children’s DAT1 geno-
type and children’s diagnoses, χ2(3, N = 94) = 40.05, p < 0.0001, with a large effect size
(Cramer’s V = 0.70). ARFID I/I subtype was not associated with any specific DAT1 geno-
type. SFA subtype was associated with 10/10 genotype, whereas PTFD and NC groups
were associated with 9/x genotype (Table 1).

Table 1. Association between children’s dopamine transporter (DAT1) genotype and
children’s diagnoses.

Children’s Diagnoses

DAT1
Genotype I/I SFA PTFD NC Total

9/x N (%) 19 (82.6) 4 (17.4) 21 (91.3) 24 (96) 68
Exp. Val. 16.6 16.6 16.6 18.1 68.0

St. R 1.3 −6.8 2.3 3.1
10/10 N (%) 4 (17.4) 19 (82.6) 2 (8.7) 1 (4) 26

Exp. Val. 6.4 6.4 6.4 6.9 26.0
St. R −1.3 6.8 −2.3 −3.1

Total N 23 23 23 25 94
9/x = 9/9, 9/10 genotypes; I/I = Avoidant/restrictive food intake disorder (ARFID) irritable/impulsive subtype
group; SFA = ARFID sensory food aversions subtype group; PTFD= ARFID post-traumatic feeding disorder
group; NC = Non-clinical group; Exp. Val = Expected values; St. R = Standardized adjusted residuals. All bold
values are statistically significant.
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3.3. Children’s Dopamine Transporter Methylation, Emotional-Behavioral Dysregulation, and
Maternal Psychopathological Risk in the Four Groups

Possible differences in the children’s DAT1 total methylation levels, children’s dysreg-
ulation (CBCL DP), and maternal psychopathological risk (SCL-90/R GSI) were examined
using ANOVAs, considering the group (I/I, SFA, PTFD, NC) as independent variables.
Levene’s test showed the presence of a non-homogeneity of variance (Levene test, p < 0.05)
for all dimensions considered. Thus, Welch’s test was conducted. The results showed that
the four groups were significantly different on children’s levels of DAT1 total methylation
(F(3,46) = 52.76, p < 0.0001, ηp2 = 0.71), the score of CBCL DP (F(3,46) = 266.06, p < 0.0001,
ηp2 = 0.85), and mothers score on GSI (F(3,44) = 791.57, p < 0.0001, ηp2 = 0.95), with large ef-
fect sizes. In particular, Dunnett T3 post-hoc test showed that children of the I/I group had
higher levels of DAT1 total methylation than other groups (p < 0.0001). Moreover, children
with an SFA diagnosis and with no diagnosis had higher levels of DAT1 methylation than
children with PTFD diagnosis (p < 0.0001). Finally, children with PTFD had lower levels of
DAT1 total methylation than other groups (p < 0.0001). As regards children’s emotional
and behavioral self-dysregulation, children of the NC group had lower scores than other
groups in CBCL DP (p < 0.0001). Moreover, children with I/I and with a PTFD diagnosis
had higher levels of DP than the SFA and NC groups (p < 0.0001). There were no significant
differences between children of the I/I and PTFD groups (p > 0.05). Finally, mothers of
children with no diagnosis reported lower scores on GSI than other groups (p < 0.0001),
whereas mothers of children with a I/I diagnosis reported higher scores compared to
mothers of other groups (p < 0.0001). Mothers of the PTFD group had higher scores of GSI
than mothers of the SFA group (p < 0.0001) (Table 2).

Table 2. Means (M) and standard deviations (SD) in the four groups.

Children’s Diagnosis

I/I SFA PTFD NC

Variable M SD M SD M SD M SD

DAT1 Total
methylation 8.29 a 1.07 6.01 b 0.93 4.08 c 1.18 6.08 b 0.54

CBCL DP 33.69 a 5.53 18.39 b 5.67 35.43 a 5.05 7.12 c 2.83
SCL-90/R GSI 1.95 a 0.22 0.60 b 0.10 1.54 c 0.17 0.18 d 0.06

a,b,c,d Means that do not share a letter are significantly different. I/I = ARFID irritable/impulsive subtype group,
SFA = ARFID sensory food aversions subtype group, PTFD = ARFID post-traumatic feeding disorder group, NC
= Non-clinical group.

3.4. Children’s Dopamine Transporter Methylation as a Mediator of the Association between
Maternal Psychopathological Risk and Children’s Dysregulation, Moderated by
Children’s Genotype

Finally, in order to verify whether children’s DAT1 total methylation mediates the
effect of mothers’ GSI on children’s DP by children’s DAT1 genotype we conducted moder-
ated mediation analysis. For this aim, we considered the total sample. Figure 1 shows the
proposed moderated mediation model.
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Figure 1. Diagram of moderated mediation model with children’s DAT1 total methylation as the
mediator of the relationship between maternal global severity index (GSI) and Children CBCL/1 1

2 -5
Dysregulation Profile (CBCL DP), with children’s DAT1 genotype as the moderator.

Results showed that the significant direct effect of GSI on children’s DAT1 total
methylation was significant. Moreover, there were significant direct effects of mothers’
psychopathological risk and children’s DAT1 genotype on children’s CBCL DP. The in-
teraction effect of children’s DAT1 genotype with children’s DAT1 total methylation was
also significant. To probe this significant interaction, conditional effects were evaluated
using the PROCESS macro [53]. Results showed that the level of children’s DAT1 total
methylation was a significant negative predictor of the score of CBCL DP, but only for
children with 9/x genotype (B = −2.57, SE = 0.64, p < 0.0001; 10/10, B = 3.90, SE = 2.78,
p = 0.16), but with a low effect size (F(1,88) = 5.14, p = 0.02, R2-chng = 0.01). Moreover,
results of conditional direct effect of maternal GSI on CBCL DP showed that mother’s
psychopathological risk significantly predicted children’s CBCL DP for both children’s
genotypes (p < 0.0001), with a large effect size. Finally, the indirect effect of mothers’ GSI
on children’s DP through levels of children’s DAT1 total methylation was not significant
(the CI included zero) (Table 3).

Table 3. Results of moderated mediation analyses.

Variable B(SE) LLCI ULCI

DAT methyl.

GSI 0.23 (0.11) * 0.01 0.45
DAT1 genotype † −0.14 (0.26) −0.66 0.38

GSI x DAT1 genotype † −0.31 (0.32) −0.96 0.33
R2 = 0.04

F (3,90) = 1.51

CBCL DP

GSI 11.26 (0.73) ** 9.80 12.71
DAT methylation −1.06 (0.81) −2.68 0.56
DAT1 genotype † −3.39 (1.61) * −6.60 −0.19

GSI x DAT1 genotype † 0.84 (2.35) −3.83 5.52
DAT methyl x DAT1

genotype † −6.48 (2.85) * −12.15 −0.80

R2 = 0.79
F (5,88) = 69.98 ***
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Table 3. Cont.

Conditional Direct Effect at Specific Levels of Moderator

Predictor Moderator Direct Effect (SE) LLCI ULCI

GSI 10/10 10.61 (2.25) ** 6.12 15.10
9/9, 9/10 11.45 (0.66) ** 10.13 12.77

R2 = 0.75F
(3,90) = 93.75 **

Conditional Indirect Effect at Specific Levels of Moderator

Mediator Moderator Indirect Effect (BootSE) LLCI ULCI

DAT methyl. 10/10 1.85 (2.52) −3.20 6.74
9/9, 9/10 −0.41 (0.33) −1.17 0.14

† The contrast group is 10/10 genotype. * p < 0.05, ** p < 0.0001. SE = Standard error; LLCI = Lower level confidence interval;
ULCI = Upper level confidence interval; BootSE = Boot-strapped standard error. All bold values are statistically significant.

4. Discussion

This pilot study aimed to investigate children’s levels of DAT1 methylation, their
emotional and behavioral dysregulation, and psychopathological risk of their mothers, in a
sample of young children with three different ARFID subtypes (i.e., I/I, SFA, PTFD). Our
preliminary analyses, focused on the specific characteristics of the three ARFID subtypes,
have underlined peculiar features associated with each diagnosis.

4.1. Impulsive/Irritable Subtype

Regarding the I/I subtype, results showed no significant association with children’s
DAT1 genotype, although the majority of this group (82.6%) had 9/x genotype. More-
over, children with I/I had the highest levels of DAT1 methylation, which are generally
associated with reduced levels of transcription and gene expression, resulting in lower
availability of DAT and greater levels of extracellular DA [54,55]. Consequently, our re-
sults suggested that children with I/I may have dopaminergic hyper-functioning that,
in turn, have been associated with children’s impulsive behaviors [56], as well as with
adolescent’s and adults’ restraint eating and bulimic behaviors [57,58]. They also showed
high levels of emotional-behavioral dysregulation, and their mothers showed the greatest
psychopathological risk. Previous studies have shown that early food avoidant behaviors
may be associated with impulsivity behaviors in preschooler children [15] and hyperactive
symptoms over time [34,35], and recent studies by Peyre and colleagues [59] and by Katsuki
and colleagues [60] have evidenced a key role played by CBCL DP in ADHD. The present
study also suggested that the I/I subtype may be a higher risk for dysregulation problems,
in line with recent literature [31].

4.2. Sensory Food Aversions Subtype

With regard to SFA diagnosis, we found a significant association with 10/10 genotype,
with large effect size, and DAT1 methylation was at a medium level (higher than PTFD,
lower than I/I, and similar to NC). In addition, these children reported the lowest dysregu-
lation problems compared to other clinical groups and, in turn, their mothers’ showed the
lowest psychopathological risk than mothers of other ARFID groups. These results are in
line with the study by Lucarelli and colleagues [28] and Cerniglia and colleagues [31] that
have evidenced lower psychopathological problems in children with SFA and among their
mothers, compared to other ARFID subtypes.

4.3. Post Traumatic Feeding Disorder Subtype

Finally, PTFD diagnosis was associated with 9/x genotype, as well as the NC group,
with a large effect size. In this context, it is important to note that although previous
studies have reported significant association between DAT1 and a wide range of children’s
psychopathologies [8,17,61–63], only few studies have focused on feeding disorders [13,64].
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Our study is one of the first, supporting the recent evidence that individual genetic features
could make the child more susceptible to both adverse and supportive influences [62,65,66],
as a possible explanation of the associations found between genotype 9/x with both PTFD
and NC group. Children with PTFD diagnosis also reported the lowest levels of DAT1
methylation, in line with previous studies on traumatized individuals that found low levels
of DA in the brain among this population [67]. They also had the highest scores of CBCL
DP, and their mothers had the highest psychopathological risk. The research on the impact
of early traumatic experiences has evidenced a significant association with emotional and
behavioral dysregulation difficulties [68,69]. This study suggests that even a child exposed
to an early food-related trauma may be at higher risk to develop dysregulation problems.
Moreover, our findings are in accordance with previous studies that have shown the highest
psychopathological risk in children with PTFD and among their mothers compared to
other ARFID diagnosis [28,31].

4.4. The Complex Interplay between the Variables

Our last aim was to verify the possible mediation role played by children’s DAT1
methylation on the relationship between maternal psychopathological risk and children’s
dysregulation, and if these relationships were moderated by children’s DAT1 genotype.
To this end, we considered the total sample. However, our results showed no significant
indirect effect of mothers’ GSI on children’s DP through levels of children’s DAT1 total
methylation. We found a significant association between maternal GSI and children’ DAT1
methylation, as well as a direct and moderated association with children’s DAT1 genotype,
in accordance with previous studies [18,19]. Moreover, both maternal psychopathological
risk and children’s DAT1 genotype (i.e., 9/x genotype) were significantly and directly
associated with children’s emotional-behavioral self-dysregulation, but the interactive
effect was not significant. At the same time, 9/x genotype was shown to have a positive
contribution on the scores of CBCL DP. This result is in line with our preliminary results
on the different ARFID subtypes, which evidenced high levels of dysregulation problems
among children with PTFD and I/I subtypes, which in turn were carriers of 9/x genotype.
Regarding the relationship between children’s DAT1 methylation and children’s levels of
DP, only the moderated association by children’s DAT1 genotype was significant, but with
a low effect size. The level of children’s DAT1 methylation was significantly and negatively
associated with the score of CBCL DP, but only for children with 9/x genotype. Given that
the literature and our previous findings have suggested that psychopathological symp-
toms are associated with hypo-methylation of DNA (the PTFD group reported the lowest
methylation levels, the highest scores on CBCL DP, and association with 9/x genotype),
it would seem that the 9/x genotype confers an additional risk with respect to the effects
of methylation on dysregulation problems. A recent study by Cimino and colleagues [19]
also showed a moderating effect of children’s DAT1 genotype on the relationship between
maternal psychological profiles and children’s methylation of DAT1, considering a sample
of school-aged children of the general population.

4.5. Limitations and Strengths

This pilot study has some limitations. First of all, the small sample size of each sub-
group compared to the standards of genetic studies, which implies a limited statistical
power and does not allow to generalize our results. Furthermore, due to the cross-sectional
nature of the study design, it is suggested to take with caution the preliminary causal links
found. Consequently, further studies with larger study populations and within longitudi-
nal study design are needed to support our preliminary findings. In addition, we assessed
maternal psychopathological risk and children’s emotional-behavioral dysregulation, re-
spectively, through self-report and report-form measures. Although the tools chosen are
widely validated and used in the literature, information provided may be influenced by
perception biases, and should be interpreted with caution. Further studies should evaluate
these variables through more objective and robust methodologies, such as clinical interview
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and observational methodologies. Moreover, we didn’t consider the possible role played
by confounder variables, such as: father’s psychopathological risk, which literature has
evidenced to be implicated in children’s emotional-behavioral dysregulation, offspring’s
feeding disorders [70–72], as well as children’s DAT1 methylation [18,19], which may act as
an additional moderator on the relationship between maternal psychopathological risk and
children’s outcomes; social support and marital adjustment, which are widely shown to be
associated the psychological well-being of both parents and children [73,74]; the quality of
feeding interactions, which may act as mediator on the relationship between mothers and
children emotional-behavioral and feeding problems [71,75], with bidirectional effects [76];
finally, maternal DAT1 genotype, which in turn can influence maternal psychological
profiles, as well as the quality of the relationship with their child, and the consequences on
his/her adjustment [77,78]. Nonetheless, the present pilot study has several strengths. In
fact, it was the first to explore the role played by DAT1 genotype, DAT1 methylation, and
dysregulation problems among three different subtypes of ARFID, also considering the
possible moderated mediation role played by levels of children’s DAT1 methylation on
the relationship between maternal psychopathological risk and emotional-adaptive func-
tioning of the child. Furthermore, the study added to the previous literature new support
on the risk and/or protective factors, in children and their mothers, at the basis of ARFID
in early children, which can be evaluated for the planning of more targeted and effective
intervention strategies. Interestingly, the significant associations that we found between
ARFID diagnosis, children’s DAT1 genotype and methylation, dysregulation problems,
and maternal psychopathological risk had large effect sizes. The only one significant effect
found in a low size was the moderated effect of children’s genotype on the association
between children’s DAT1 methylations and their dysregulation problems. This finding may
suggest that the influence of children’s DAT1 genotype is higher by itself and in response
to the risk exerted by maternal psychopathological risk.

5. Conclusions

Overall, our preliminary findings have supported the importance to considering the
complex interaction between DAT1 gene and environment provided by mothers, both in
terms of genotype-environment interactions and the possible methylation mechanisms
involved. The link that has emerged between maternal psychopathological risk, children’s
DNA methylation, and their regulatory difficulties further suggests the importance of
intervening also on the maternal difficulties of children with ARFID. In fact, recent evidence
has shown that intervention strategies aimed at reducing risk factors and promoting
protective factors can reverse the epigenetic signs, modifying that sequence of events called
developmental cascade [79], in order to obtain the maximum effect on the change of a
negative cascade in a positive one [80]. In contrast, epigenetic modifications resulting from
exposure to environmental risk factors, and their effects on child’s emotional-behavioral
functioning, can last well beyond the end of exposure itself [42,81]. Our study is in line with
these evidences, supporting the importance of an assessment and intervention approach
that takes into account not only the child’s feeding difficulties, but also their regulatory
difficulties within the more complex family context [36,82].
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47. Geeraerts, S.B.; Deutz, M.H.; Deković, M.; Bunte, T.; Schoemaker, K.; Espy, K.A.; Prinzie, P.; van Baar, A.; Matthys, W. The Child
Behavior Checklist Dysregulation Profile in Preschool Children: A Broad Dysregulation Syndrome. J. Am. Acad. Child Adolesc.
Psychiatry 2015, 54, 595–602. [CrossRef] [PubMed]

48. Derogatis, L.R. SCL-90-R Symptom Checklist-90-R Administration, Scoring, and Procedures Manual; National Computer Systems:
Minneapolis, MN, USA, 1994.

49. Prunas, A.; Sarno, I.; Preti, E.; Madeddu, F.; Perugini, M. Psychometric Properties of the Italian Version of the SCL-90-R: A Study
on a Large Community Sample. Eur. Psychiatry 2012, 27, 591–597. [CrossRef] [PubMed]

50. Cerniglia, L.; Cimino, S.; Bevilacqua, A.; Ballarotto, G.; Marzilli, E.; Adriani, W.; Tambelli, R. Patterns of DNA methylation at
specific loci of the dopamine transporter 1 gene and psychopathological risk in trios of mothers, fathers and children. Eur. J. Dev.
Psychol. 2020, 1–28. [CrossRef]

51. Hayden, E.P.; Hanna, B.; Sheikh, H.I.; Laptook, R.S.; Kim, J.; Singh, S.M.; Klein, D.N. Child dopamine active transporter 1 genotype
and parenting: Evidence for evocative gene-environment correlations. Dev. Psychopathol. 2013, 25, 163–173. [CrossRef] [PubMed]

52. Hirata, T.; Uemura, T.; Shinohara, M.; Hirano, M. Association between Dopamine Transporter Gene (DAT1) Polymorphisms and
Eating Disorders with Binge Eating Behavior. Open J. Psychiatr. 2017, 7, 329–343. [CrossRef]

53. Hayes, A.F. Introduction to Mediation, Moderation, and Conditional Process Analysis, Second Edition: A Regression-Based Approach, 2nd
ed.; Guilford Publications: New York, NY, USA, 2018.

54. Jaenisch, R.; Bird, A. Epigenetic regulation of gene expression: How the genome integrates intrinsic and environmental signals.
Nat. Genet. 2003, 33, 245–254. [CrossRef]

55. Jones, P.A. Functions of DNA methylation: Islands, start sites, gene bodies and beyond. Nat. Rev. Genet. 2012, 13,
484–492. [CrossRef]

56. Seo, D.; Patrick, C.J.; Kennealy, P.J. Role of Serotonin and Dopamine System Interactions in the Neurobiology of Impulsive
Aggression and Its Comorbidity with Other Clinical Disorders. Aggress. Violent Behav. 2008, 13, 383–395. [CrossRef]

57. Volkow, N.D.; Wang, G.J.; Maynard, L.; Jayne, M.; Fowler, J.S.; Zhu, W.; Logan, J.; Gatley, S.J.; Ding, Y.S.; Wong, C.; et al. Brain
dopamine is associated with eating behaviors in humans. Int. J. Eat. Disord. 2003, 33, 136–142. [CrossRef]

58. Tauscher, J.; Pirker, W.; Willeit, M.; de Zwaan, M.; Bailer, U.; Neumeister, A.; Asenbaum, S.; Lennkh, C.; Praschak-Rieder, N.;
Brücke, T.; et al. [123I] beta-CIT and single photon emission computed tomography reveal reduced brain serotonin transporter
availability in bulimia nervosa. Biol. Psychiatry 2001, 49, 326–332. [CrossRef]

59. Peyre, H.; Speranza, M.; Cortese, S.; Wohl, M.; Purper-Ouakil, D. Do ADHD Children with and without Child Behavior Checklist-
Dysregulation Profile Have Different Clinical Characteristics, Cognitive Features, and Treatment Outcomes? J. Atten. Disord.
2015, 19, 63–71. [CrossRef] [PubMed]

60. Katsuki, D.; Yamashita, H.; Yamane, K.; Kanba, S.; Yoshida, K. Clinical Subtypes in Children with Attention-Deficit Hyperactivity
Disorder According to Their Child Behavior Checklist Profile. Child Psychiatry Hum. Dev. 2020. [CrossRef]

61. Faraone, S.V.; Bonvicini, C.; Scassellati, C. Biomarkers in the Diagnosis of ADHD—Promising Directions. Curr. Psychiatry Rep.
2014, 16, 11. [CrossRef]

62. Lahey, B.B.; Rathouz, P.J.; Lee, S.S.; Chronis-Tuscano, A.; Pelham, W.E.; Waldman, I.D.; Cook, E.H. Interactions between early
parenting and a polymorphism of the child’s dopamine transporter gene in predicting future child conduct disorder symptoms. J.
Abnorm. Psychol. 2011, 120, 33–45. [CrossRef]

63. Drury, S.S.; Theall, K.P.; Keats, B.J.B.; Scheeringa, M. The role of the dopamine transporter (DAT) in the development of PTSD in
preschool children. J. Trauma Stress. 2009, 22, 534–539. [CrossRef] [PubMed]

64. Gervasini, G.; Gordillo, I.; García-Herráiz, A.; Flores, I.; Jiménez, M.; Monge, M.; Carrillo, J.A. Influence of dopamine poly-
morphisms on the risk for anorexia nervosa and associated psychopathological features. J. Clin. Psychopharmacol. 2013, 33,
551–555. [CrossRef]

65. Anreiter, I.; Sokolowski, H.M.; Sokolowski, M.B. Gene–environment interplay and individual differences in behavior: Gene-
environment interplay. Mind Brain Educ. 2018, 12, 200–211. [CrossRef]

66. Belsky, J.; Pluess, M. Beyond diathesis stress: Differential susceptibility to environmental influences. Psychol. Bull. 2009, 135,
885–908. [CrossRef]

67. Hoexter, M.Q.; Fadel, G.; Felício, A.C.; Calzavara, M.B.; Batista, I.R.; Reis, M.A.; Shih, M.C.; Pitman, R.K.; Andreoli, S.B.;
Mello, M.F.; et al. Higher striatal dopamine transporter density in PTSD: An in vivo SPECT study with [(99m)Tc]TRODAT-1.
Psychopharmacology 2012, 224, 337–345. [CrossRef]

68. Mongillo, E.A.; Briggs-Gowan, M.; Ford, J.D.; Carter, A.S. Impact of traumatic life events in a community sample of toddlers. J.
Abnorm. Child Psychol. 2009, 37, 455–468. [CrossRef]

69. Maguire, S.A.; Williams, B.; Naughton, A.M.; Cowley, L.E.; Tempest, V.; Mann, M.K.; Teague, M.; Kemp, A.M. A systematic
review of the emotional, behavioural and cognitive features exhibited by school-aged children experiencing neglect or emotional
abuse: Systematic review of school-aged neglect/emotional abuse. Child Care Health Dev. 2015, 41, 641–653. [CrossRef]

70. Basten, M.M.; Althoff, R.R.; Tiemeier, H.; Jaddoe, V.W.; Hofman, A.; Hudziak, J.J.; Verhulst, F.C.; van der Ende, J. The dysregulation
profile in young children: Empirically defined classes in the Generation R study. J. Am. Acad. Child Adolesc. Psychiatry 2013, 52,
841–850.e2. [CrossRef] [PubMed]

http://doi.org/10.1016/j.jaac.2015.04.012
http://www.ncbi.nlm.nih.gov/pubmed/26088665
http://doi.org/10.1016/j.eurpsy.2010.12.006
http://www.ncbi.nlm.nih.gov/pubmed/21334861
http://doi.org/10.1080/17405629.2020.1816166
http://doi.org/10.1017/S0954579412000971
http://www.ncbi.nlm.nih.gov/pubmed/23398760
http://doi.org/10.4236/ojpsych.2017.74028
http://doi.org/10.1038/ng1089
http://doi.org/10.1038/nrg3230
http://doi.org/10.1016/j.avb.2008.06.003
http://doi.org/10.1002/eat.10118
http://doi.org/10.1016/S0006-3223(00)00951-3
http://doi.org/10.1177/1087054712452135
http://www.ncbi.nlm.nih.gov/pubmed/22837549
http://doi.org/10.1007/s10578-020-00977-8
http://doi.org/10.1007/s11920-014-0497-1
http://doi.org/10.1037/a0021133
http://doi.org/10.1002/jts.20475
http://www.ncbi.nlm.nih.gov/pubmed/19960520
http://doi.org/10.1097/JCP.0b013e3182970469
http://doi.org/10.1111/mbe.12158
http://doi.org/10.1037/a0017376
http://doi.org/10.1007/s00213-012-2755-4
http://doi.org/10.1007/s10802-008-9283-z
http://doi.org/10.1111/cch.12227
http://doi.org/10.1016/j.jaac.2013.05.007
http://www.ncbi.nlm.nih.gov/pubmed/23880494


Behav. Sci. 2021, 11, 9 14 of 14

71. Cimino, S.; Cerniglia, L.; Porreca, A.; Ballarotto, G.; Marzilli, E.; Simonelli, A. Impact of parental binge eating disorder: Exploring
children’s emotional/behavioral problems and the quality of parent-child feeding interactions. Infant Ment. Health J. 2018, 39,
552–568. [CrossRef] [PubMed]

72. Cerniglia, L.; Muratori, P.; Milone, A.; Paciello, M.; Ruglioni, L.; Cimino, S.; Levantini, V.; Tambelli, R. Paternal psychopathological
risk and psychological functioning in children with eating disorders and Disruptive Behavior Disorder. Psychiatry Res. 2017, 254,
60–66. [CrossRef] [PubMed]

73. Parkes, A.; Sweeting, H. Direct, indirect, and buffering effects of support for mothers on children’s socioemotional adjustment. J.
Fam. Psychol. 2018, 32, 894–903. [CrossRef] [PubMed]

74. Rollè, L.; Prino, L.E.; Sechi, C.; Vismara, L.; Neri, E.; Polizzi, C.; Trovato, A.; Volpi, B.; Molgora, S.; Fenaroli, V.; et al. Parenting
stress, mental health, dyadic adjustment: A structural equation model. Front. Psychol. 2017, 8, 839. [CrossRef] [PubMed]

75. Cimino, S.; Marzilli, E.; Tafà, M.; Cerniglia, L. Emotional-Behavioral Regulation, Temperament and Parent–Child Interactions Are
Associated with Dopamine Transporter Allelic Polymorphism in Early Childhood: A Pilot Study. Int. J. Environ. Res. Public Health
2020, 17, 8564. [CrossRef]

76. Paschall, K.W.; Mastergeorge, A.M. A review of 25 years of research in bidirectionality in parent–child relationships: An
examination of methodological approaches. Int. J. Behav. Dev. 2016, 40, 442–451. [CrossRef]

77. Lee, S.S.; Chronis-Tuscano, A.; Keenan, K.; Pelham, W.E.; Loney, J.; Van Hulle, C.A.; Cook, E.H.; Lahey, B.B. Association of
maternal dopamine transporter genotype with negative parenting: Evidence for gene x environment interaction with child
disruptive behavior. Mol. Psychiatry 2010, 15, 548–558. [CrossRef]

78. Auerbach, J.G.; Zilberman-Hayun, Y.; Atzaba-Poria, N.; Berger, A. The contribution of maternal ADHD symptomatology,
maternal DAT1, and home atmosphere to child ADHD symptomatology at 7 years of age. J. Abnorm. Child Psychol. 2017, 45,
415–427. [CrossRef]

79. Cicchetti, D.; Blender, J.A. A multiple-levels-of-analysis perspective on resilience: Implications for the developing brain, neural
plasticity, and preventive interventions. Ann. N. Y. Acad. Sci. 2006, 1094, 248–258. [CrossRef] [PubMed]

80. Lavigne, J.V.; Herzing, L.B.; Cook, E.H.; Gouze, K.R.; Hopkins, J.; Bryant, F.B. Gene× environment effects of serotonin transporter,
dopamine receptor D4, and monoamine oxidase A genes with contextual and parenting risk factors on symptoms of oppositional
defiant disorder, anxiety, and depression in a community sample of 4-year-old children. Dev. Psychopathol. 2013, 25, 555–575.
[CrossRef] [PubMed]

81. McKay, J.A.; Groom, A.; Potter, C.; Coneyworth, L.J.; Ford, D.; Mathers, J.C.; Relton, C.L. Genetic and non-genetic influences
during pregnancy on infant global and site specific DNA methylation: Role for folate gene variants and vitamin B12. PLoS ONE
2012, 7, e33290. [CrossRef] [PubMed]

82. Maestro, S.; Cordella, M.R.; Intorcia, C.; Roversi, C.; Scardigli, S.; Silvestri, V.; Sara Calderoni, M.D. Parent-child interaction
treatment for preschoolers with feeding disorders. Isr. J. Psychiatry Relat. Sci. 2016, 53, 63–72. [PubMed]

http://doi.org/10.1002/imhj.21732
http://www.ncbi.nlm.nih.gov/pubmed/30084498
http://doi.org/10.1016/j.psychres.2017.04.046
http://www.ncbi.nlm.nih.gov/pubmed/28456023
http://doi.org/10.1037/fam0000438
http://www.ncbi.nlm.nih.gov/pubmed/30091624
http://doi.org/10.3389/fpsyg.2017.00839
http://www.ncbi.nlm.nih.gov/pubmed/28588541
http://doi.org/10.3390/ijerph17228564
http://doi.org/10.1177/0165025415607379
http://doi.org/10.1038/mp.2008.102
http://doi.org/10.1007/s10802-016-0230-0
http://doi.org/10.1196/annals.1376.029
http://www.ncbi.nlm.nih.gov/pubmed/17347356
http://doi.org/10.1017/S0954579412001241
http://www.ncbi.nlm.nih.gov/pubmed/23627963
http://doi.org/10.1371/journal.pone.0033290
http://www.ncbi.nlm.nih.gov/pubmed/22479380
http://www.ncbi.nlm.nih.gov/pubmed/28492383

	Introduction 
	Dopamine Transporter Gene and Feeding Disorders 
	Bio-Psycho-Social Correlates of Avoidant/Restrictive Food Intake Disorder in Early Childhood 
	The Present Study 

	Materials and Methods 
	Study Design 
	Procedure 
	Participants 
	Measures 
	DNA Isolation and Genotyping 
	Analysis of DNA Methylation 
	Statistical Analyses 

	Results 
	Sample Characteristics 
	Association between Children’s Dopamine Trasnporter Genotype and Children’s Diagnoses 
	Children’s Dopamine Transporter Methylation, Emotional-Behavioral Dysregulation, and Maternal Psychopathological Risk in the Four Groups 
	Children’s Dopamine Transporter Methylation as a Mediator of the Association between Maternal Psychopathological Risk and Children’s Dysregulation, Moderated by Children’s Genotype 

	Discussion 
	Impulsive/Irritable Subtype 
	Sensory Food Aversions Subtype 
	Post Traumatic Feeding Disorder Subtype 
	The Complex Interplay between the Variables 
	Limitations and Strengths 

	Conclusions 
	References

