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A B S T R A C T   

Background: Systemic sclerosis (SSc) is a chronic immune-mediated connective tissue disease that can affect 
women of childbearing age. The long-term outcomes of their offspring remain poorly explored. Aim of this study 
was to detail the neurodevelopmental profile of children born to SSc mothers. 
Methods: Twenty children (mean age: 96 ± 4.32 months; 10 males) born to SSc mothers were enrolled. We 
collected data on clinical history, neurological examination, cognitive profile and adaptive behavior in all 
subjects. According to the chronological age, we also investigated quality of life, behavioral characteristics, 
psychological functioning and self-image. 
Results: All the children had normal neurological examination, cognitive profile and adaptive functioning, except 
for one (5 %) who suffered from Autism Spectrum Disorder. An important discrepancy was observed between 
parental and child opinion regarding the perception of quality of life, more compromised in the latter. We 
documented a risk for internalizing behavioral problems in 2 cases (10 %), for externalizing problems in 3 (15 
%), for both in 1 (5 %) and for social and out-of-school activities in 5 (25 %). As regards psychological func
tioning, evaluated in 11 children, three (28 %) were at risk for anxiety, 1 (9 %) for depressive disorders and other 
4 (36 %) for somatic disturbances. Emotional fragility and poor competence in metabolizing one’s emotional 
experiences were observed in 9 out of the 13 subjects assessed (70 %). 
Conclusions: Children born to SSc women exhibit normal cognitive and adaptive abilities but an increased 
vulnerability to psychopathological problems and fragility in social functioning. These observations might reflect 
that children need to feel mature to accept maternal chronic disease that, in turn, may hinder support for off
spring’s social and emotional development.   

1. Introduction 

Systemic sclerosis (SSc) is a rare autoimmune systemic condition, 
classified among connective tissue diseases affecting women during 
perimenopausal age [1,2]. 

The earlier phase of the pathogenetic pathway is vasculopathy, 
which is mirrored by the appearance of Raynaud’s phenomena, and is 
currently recognized as a key-process further activating the following 
steps, represented by immune activation and fibrosis [1]. The disease 
has a chronic and often progressive course characterized by increased 

skin thickness, important functional limitations, mainly affecting the 
hands and aesthetical changes, especially involving the face. Gastro- 
intestinal, musculoskeletal, cardiac and pulmonary involvement char
acterize the clinical picture, even if in different combinations and with 
variable severity. 

Regarding reproductive implications of SSc, the first issue is repre
sented by the rarity of the disease itself and the rarity of its onset during 
reproductive age, thus resulting in a limited number of pregnancies re
ported in existing literature. Moreover, for a long-time young women 
with SSc have been discouraged from becoming pregnant, because of the 

* Corresponding authors at: Unit of Child Neurology and Psychiatry, ASST Spedali Civili of Brescia, Piazzale Spedali Civili, 1, 25123 Brescia, Italy. 
E-mail addresses: jessica.galli@unibs.it (J. Galli), erika.loi@unibs.it (E. Loi).   

1 These authors have contributed equally to this work. 

Contents lists available at ScienceDirect 

Early Human Development 

journal homepage: www.elsevier.com/locate/earlhumdev 

https://doi.org/10.1016/j.earlhumdev.2024.105988 
Received 18 January 2024; Received in revised form 8 March 2024; Accepted 12 March 2024   

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on August 01, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

mailto:jessica.galli@unibs.it
mailto:erika.loi@unibs.it
www.sciencedirect.com/science/journal/03783782
https://www.elsevier.com/locate/earlhumdev
https://doi.org/10.1016/j.earlhumdev.2024.105988
https://doi.org/10.1016/j.earlhumdev.2024.105988
https://doi.org/10.1016/j.earlhumdev.2024.105988
http://crossmark.crossref.org/dialog/?doi=10.1016/j.earlhumdev.2024.105988&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Early Human Development 191 (2024) 105988

2

increased risk of maternal and fetal adverse outcomes, such as risk for 
disease progression or symptom exacerbation, miscarriage, intrauterine 
growth retardation, preterm delivery, and low birth weight [1,3]. Only 
in the last decades, the improvement in SSc knowledge, encompassing 
pregnancy implications and reproductive issues, has allowed an 
increasing number of patients to carry out successful pregnancies [4]. 
Information on the long-term outcome of the children is currently 
lacking but is crucial for providing a comprehensive counseling for these 
patients. 

The aim of the study was to detail the neurodevelopmental profile, 
the cognitive level, the adaptive functioning, the quality of life, the 
behavioral characteristics and the self-image in a cohort of children born 
to mothers affected by SSc. An early identification of any possible vul
nerabilities in the neurodevelopmental and psychic profiles may help 
clinicians ensure adequate preventive and supportive measures to 
women with SSc and their children. 

2. Materials and methods 

Twenty children (mean age: 96 ± 4.32 months, range 13–204; 10 
males) born to mothers affected by SSc, followed-up at Rheumatology 
and Clinical Immunology Unit, ERN ReCONNET, ASST Spedali Civili of 
Brescia, Italy, were enrolled for the present study. Inclusion criteria 
were: maternal diagnosis of SSc according to 2013 EULAR/ACR criteria 
[5]; age from birth to 18 years; ability to read, speak and understand 
Italian. Clinical evaluations were carried out by a Child Neuropsychia
trist at Child Neurology and Psychiatry Unit, ASST Spedali Civili of 
Brescia, Italy, between April 2022 and March 2023. 

We collected demographic (age, sex) and clinical data (pregnancy, 
drugs administered to mothers during pregnancy, gestational age, de
livery, birth weight and length, head circumference, perinatal period, 
and neurodevelopment milestones) from parental interviews. Along 
with neurological examination, subjects underwent a detailed assess
ment of the neurodevelopmental/cognitive level, the adaptive func
tioning, the emotional and behavioral characteristics, the quality of life 
and the mental health, according to chronological age. 

The neurodevelopmental profile was assessed using the Griffiths-III 
[6] and the cognitive quotient with the Wechsler Scales according to 
subject’s age [7–9]. Full-scale intelligence quotient (FSIQ), verbal 
comprehension/verbal intelligence quotient (VCI/VIQ), perceptual 
reasoning/performance intelligence quotient (PRI/PIQ), working 
memory (WMI), and processing speed index (PSI) scores were collected. 
All the quotients are reported in standard scores (mean 100, SD 15) and 
defined as follows: more than − 1 DS, normal; between − 1 and − 2 DS, 
borderline; and <− 2 DS, delay. 

Adaptive functioning was evaluated using the Vineland Adaptive 
Behavior Scales-II (VABS-II) [10], a questionnaire completed by parents 
that covers four domains: communication, socialization, daily living 
skills, and motor skills. Centile score < 5 was considered as a cut-off for 
adaptive disorders. 

As regards emotional-behavioral characteristics, we used age- 
appropriate versions of the Child Behavior Checklist (CBCL), 1½-5 
[11,12] or 6–18 years [13], and the Youth Self Report (YSR), 11–18 
years [14] to assess children’s emotional, behavioral, and social prob
lems as observed by the parents (CBCL) and self-evaluated (YSR). 
Composite scales (internalizing, externalizing, and total problems) and 
syndrome scales (CBCL 1½-5: emotionally reactive, anxious/depressed, 
somatic complaints, withdrawn, sleep problems, attention problems, 
and aggressive behavior; CBCL 6–18 and YSR: anxious/depressed, 
withdrawn/depressed, somatic complaints, social problems, thought 
problems, attention problems, rule-breaking behavior, and aggressive 
behavior) are obtained from the item scores, categorized as “normal,” 
“borderline,” or “clinically significant” according to the tool kit software 
standards. 

The Pediatric Quality of Life Inventory version 4.0 (PedsQL 4.0) [15] 
was used to evaluate the health-related quality of life (HRQOL) and 

comprises parallel child self-report and parent-report formats. The scale 
consists of 23 items, each with 5 multiple choices, to investigate phys
ical, emotional, social, and school functioning areas. The subscales lead 
to a total score, a Physical Health Summary Score (obtained from the 
physical functioning subscale) and a Psychological Health Summary 
Score (from the emotional, social, and school functioning subscales). 
The scores are converted on a scale from 0 to 100 with higher scores 
indicating better HRQOL. 

As regards mental health, we chose the Self-administered psychiatric 
scales for children and adolescents (Scale Psichiatriche di Autosommi
nistrazione per Fanciulli e Adolescenti, SAFA) [16] for detecting 
symptoms included in the Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition (DSM-5) [17]. For the purpose of this study, we 
used the following scales: SAFA-A for Anxiety symptoms (4 subscales: 
generalized anxiety, social anxiety, separation anxiety, school anxiety), 
SAFA-D for Depressive symptoms (7 subscales: depression, anhedonia, 
irritability, sense of inadequacy, insecurity, sense of guilty, hopeless
ness), and SAFA-S for Somatic complaints (2 subscales: somatic symp
toms, hypochondria). For each subscale, T score is obtained by raw score 
and defined as pathological when >69 and borderline when 60 < T <
69. 

Finally, the Human Figure Drawing test (HFDT) [18,19] is a pro
jective test used to assess the child’s psychological maturity and the 
variables of his/her personality. Drawings were evaluated according to 
three main levels of interpretation (graphic, formal structures, and 
content one). For affectivity, we considered the following characteristics 
among those suggested by Machover [20]: centeredness on paper, figure 
size, line characteristics, arm and leg positioning, age, and gender 
assigned to figure. Summary of the evaluations is reported in Table 1. 

The study was conducted in accordance with the ethical guidelines 
set forth by the Declaration of Helsinki and was approved by the Ethical 
Committee of ASST Spedali Civili in Brescia (NP 5843), Italy. Written 
informed consent was obtained from parents of the children. 

2.1. Statistical analysis 

A descriptive analysis of the findings was performed. Qualitative 
variables were analyzed in terms of number and percentage, while 
quantitative data were reported as mean, standard deviation, and range. 

3. Results 

3.1. Anamnestic data 

Seventeen children (85 %) were born after SSc diagnosis and the 
remaining 3 (15 %) before. 

According to mother interviews, pregnancy was uneventful in 13 (65 
%) cases; in the remaining subjects, group B Streptococcus infection 
occurred in 4 cases (20 %), preeclampsia in 1 (5 %, occurred at 32 weeks 
and leading to preterm birth), urosepsis in 1 (5 %) and oligohydramnios 
in 1 (5 %). Sixteen (80 %) children were born at term, 1 (5 %) at late pre- 
term (35 weeks of gestation), and 3 (15 %) at very preterm (31–32 weeks 
of gestation; 2 were twins). Perinatal complications were present in all 
preterm newborns and in other 8 subjects (60 %) and characterized by 

Table 1 
Summary of neuropsychiatric evaluations.  

Evaluation Material Number of children 

Neurodevelopmental/cognitive level Griffiths-III  3 
Wechsler Scales  17 

Adaptive functioning VABS-II  20 
Emotional-behavioral characteristics CBCL  20 

YSR  6 
Quality of life PedsQL  14 
Mental health SAFA  11 
Emotional fragility HFDT  13  
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perinatal infection (5 neonates, 42 %), respiratory distress (4, 33 %), 
sinus arrhythmia (2, 17 %), and excessive weight loss at birth (1, 8 %). 
Details are reported in Table 2. 

All the children appropriately acquired the gross-motor milestones. 
Eighteen children (90 %) normally developed communication and lan
guage skills. One subject (5 %) produced the first words at 17 months 
(no information on subsequent language evolution is available, since the 
infant was 18 months at the time of the evaluation). The remaining one 
child, called “patient number 3” (P3) (5 %), produced the first word at 
20 months with subsequent failure to develop communication and lan
guage skills due to the Autism Spectrum Disorder (ASD) diagnosed at 3 
years of age according to DSM-V criteria. Four children (20 %) presented 
with feeding disorders (weaning difficulties: 3 cases; avoidant/restric
tive food intake disorder: 1, P3) and 9 (45 %) one or more sleep disorders 
(nocturnal awakenings: 5 cases; insomnia or difficulty initiating sleep: 2; 
parasomnia and pavor nocturnus: 2; snoring: 1). 

3.2. Direct assessment 

No abnormalities concerning cranial nerve, head circumference, 
muscle strength, tone and bulk, reflexes, and gait were detected at 
neurological examination. 

All the sample had normal neurodevelopmental/cognitive profile, 
except for P3. In particular, all the 3 cases evaluated with Griffiths-III 
obtained normal score on developmental quotient (DQ) and on the 
following subscales: foundation of learning, hand-eye coordination, 
personal-social-emotional, and gross-motor; one had a delay in language 
and communication subscale. As regard cognitive evaluation, performed 
in the other 17 children, FSIQ, VIQ/VCI and PIQ/PRI were normal in 16 
cases (94 %). P3 showed deficient scores at FSIQ, VIQ, PIQ. PSI, eval
uated in 14 children, was normal in 12 (86 %), borderline in one and 
delayed in P3. WMI, assessed in 11 cases, was normal in all the children. 

Adaptive functioning was impaired only in P3 (5%), who had diffi
culties in all the VABS-II domains: total (4◦ percentile), communication 
(6◦), socialization (6◦), daily living skills (4◦). Considering the remain
ing subjects, mean total score was 68.4 ± 21 (range 19–96), commu
nication 56.6 ± 23.6 (range 9–92), socialization 65.5 ± 23.6 (range 
21–92), daily living skills 63.3 ± 29.4 (range 12–96). 

At CBCL composite scales, 1 child (5 %) had risk score in total 
problems, 2 (10 %) in internalizing problems, and 3 (15 %) in exter
nalizing problems. See Figs. 1 and 2 for details on syndrome scales. It is 
worth noting that, at CBCL 6–18, 4 subjects out of 12 (33 %) also pre
sented with risk score for social and out-of-school activities. This finding 
was partially confirmed at YSR, completed by 6 adolescents: four (67 %) 
scored at risk for social and out-of-school activities (three were those at 
risk at CBCL 6–18). 

As regards HRQOL, PEDSQL questionnaire was administered to 18 
parents (90 %) and 14 children (70 %). An important discrepancy was 
observed between parental opinion and what children reported about 
their perception of a compromised quality of life: specifically, the former 

reported higher mean scores (indicating a better HRQOL) compared to 
the latter, among all in physical and emotional functioning. Mean scores 
of each subscale are reported in Fig. 3. 

SAFA questionnaires were administered to 11 (55 %) children in 
relation to age. At SAFA-A general scale, the mean total score was 45.3 
± 7.2 (range: 38–60), at SAFA-D general scale 48.4 ± 6.2 (range: 
37–58), and at SAFA-S general scale 44.2 ± 10.4 (range: 34–71). T 
scores are reported in Table 3. 

Finally, as regards HFDT (administered to 13 children), the graphic 
level of the drawings was globally characterized by an immature graphic 
trait: in 10 (77 %) cases, lines were discontinuous and full of erasures, 
shading and blackening that can be interpreted as the expression of 

Table 2 
Anamnestic data.   

Number of children (%) 

Pregnancy complications 7 (35) 
Preterm birth 4 (20) 
Caesarean section 11 (55) 
Birth weight, g  

Mean ± SD 3013 ± 824.3 
Range 1390–4330 

Birth length, cm  
Mean ± SD 48.7 ± 3.6 
Range 41–54 

Head circumference, cm  
Mean ± SD 33.3 ± 2.2 
Range 29–37 

Perinatal complications 12 (60 %)  

Fig. 1. CBCL ½–5 syndrome scale (administered in 8 cases). 
Abbreviation: Clin., clinically. 

Fig. 2. CBCL 6–18 syndrome scale (administered in 12 cases). 
Abbreviation: Clin., clinically. 

Fig. 3. Mean scores at PEDSQL subscale (administered to 18 parents and 
14 children). 

J. Galli et al.                                                                                                                                                                                                                                     

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on August 01, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.



Early Human Development 191 (2024) 105988

4

indecision, self-dissatisfaction, and feelings of inferiority. As regards 
formal structures, the drawing was centered on the sheet in 8 cases (62 
%), positioned to the left in 2 (15 %, a sign of immediate emotional 
expression), and positioned to the right in 3 (23 %, an index of tendency 
to intellectual control). Ten subjects (77 %) placed the drawing at the 
bottom, in the lower half of the sheet, indicating insecurity and feelings 
of being crushed by the environment. The dimensions of the figure were 
normal for the age only in 1 child (8 %); a smaller drawing, indicative of 
shyness and fear, was found in 2 children (15 %), while a larger drawing, 
suggestive of inadequacy with compensatory defenses, in 10 cases (77 
%). As for the content level, it is worth noting that nine children (69 %) 
omitted body features, in particular face features, arms and hands, that 
could indicate shy personality, difficult or inadequate adaptation and 
anxiety. The age assigned to the figure was similar to that of the designer 
in 4 cases (31 %), while the remaining 9 children (69 %) draw a more 
mature person (adult/elderly) that could be interpreted as an expression 
of the difficulty of separation-individuation and projection of the ideal 
self. The gender of the figure was equal to that of the designer (absence 
of socio-sexual conflicts) in 9 cases (69 %). See Fig. 4 for the most sig
nificant drawings. 

4. Discussion 

In the last decades, the improvement in the diagnosis and the man
agement of rheumatic diseases has resulted in an increasing number of 
successful pregnancies. At the same time, the interest in the long-term 
development of children has grown, with studies including children 
born to mothers with systemic lupus erythematosus, rheumatoid 
arthritis, and antiphospholipid syndrome, and reporting a possible 
increased risk of neurodevelopmental conditions, such as learning dis
orders, ASD, attention deficit, speech problems [21–26]. However, to 
the best of our knowledge, no data are available regarding the neuro
developmental outcomes of children born to SSc mothers. In the present 
study, we aimed at detailing the neurodevelopmental/cognitive profile, 
the adaptive functioning, the quality of life, the behavioral character
istics and the self-image in a sample of children and adolescents born to 
mothers affected by SSc. 

Premature birth was detected in 20 % of cases, which is three-time 
higher as compared to general population [27] but in line with the 
increased rate of preterm deliveries already reported in SSc women, 
ranging from 15 to 25 % [28,29]. Furthermore, we documented a high 
frequency of cesarean section (55 %), which is also in line with data 

provided by a recent meta-analysis showing 2–3 folds higher chance of 
cesarean section for SSc women as compared to controls, mainly driven 
by Obstetricians’ concern about potential disease-related risks [3]. 
Finally, 60 % of the children (especially those at very preterm) presented 
with perinatal complications. This observation confirms what already 
reported in literature regarding the association between perinatal 
complications, prematurity and autoimmune disease [30,31] and the 
need for hospitalization in neonatal intensive care for their 
management. 

Neurodevelopmental milestones were appropriately acquired by all 
the sample, as well as communication and language skills, delayed in 
one child and compromised in another one, who suffered from ASD. 
These findings are similar to general population (a slow onset and pro
gression of expressive language was reported in 15 % of subjects 
[32,33], and a developmental language disorder in 5–7 % [34,35]), and 
to children born to mothers with autoimmune diseases (6 %) [36]. A 
quarter and almost half of the sample suffered from feeding and sleep 
disorders, respectively. This prevalence seems to be higher than general 
pediatric population (10 %) [37] and may suggest an impact of maternal 
chronic disease on the relationship with child in the first years of life. 
Physical problems due to the chronic disease (both autoimmune and 
not) and the correlated emotional distress can interfere with parenthood 
and baby holding [38], impacting on mother-infant relationship, circa
dian rhythm, sleep hygiene and the recognition of children’ needs and 
mental health outcome [39]. For this reason, clinicians need to be aware 
of the possibility of a sleep disorder that determine irritability, diurnal 
sleepiness, attention and learning difficulties and, thus, affect the overall 
daily life functioning [40,41]. 

At the time of direct evaluation, all the children presented with a 
normal neurological examination, except for the subject with ASD (5 %). 
This prevalence seems to be higher compared to the general pediatric 
population (1 %), although to our knowledge no studies are available on 
the occurrence of ASD in children born to mothers with SSc and the 
sample size of the present study is relatively small and not enough 
powered to correctly establish this prevalence. However, the association 
between ASD and maternal autoimmune disease is still unclear. On one 
hand, literature reports a potentially increased risk of ASD in infants 
born to mothers affected by rheumatoid arthritis [23,42,43], systemic 
lupus erythematosus [44] and antiphospholipid syndrome [45]. 
Different hypotheses have been raised, including prenatal exposure to 

Table 3 
Scores at SAFA-D and SAFA-S subscales.   

Denial of 
symptoms 
(T score <
39) 

Normal 
scores 
(40 < T <
59) 

Borderline 
scores 
(60 < T <
69) 

Pathological 
scores 
(T > 69) 

SAFA-A, N (%) 2 (18) 8 (73) 1 (9) 0 
Generalized 
anxiety 

1 (9) 10 (91) 0 0 

Social anxiety 0 10 (91) 1 (9) 0 
Separation 
anxiety 

5 (46) 4 (36) 2 (18) 0 

School anxiety 3 (27) 7 (64) 1 (9) 0 
SAFA-D, N (%) 1 (9) 10 (91) 0 0 

Depression 0 10 (91) 0 1 (9) 
Anhedonia 0 9 (82) 2 (18) 0 
Irritability 1 (9) 8 (73) 1 (9) 1 (9) 
Sense of 
inadequacy 

3 (27) 7 (64) 1 (9) 0 

Insecurity 1 (9) 10 (91) 0 0 
Sense of guilty 2 (18) 9 (82) 0 0 
Hopelessness 0 11 (100) 0 0 

SAFA-S, N (%) 4 (36) 6 (55) 0 1 (9) 
Somatic 
symptoms 

3 (27) 7 (64) 1 (9) 0 

Hypochondria 5 (45) 5 (45) 1 (9) 0  

Fig. 4. Drawings at Human Face Drawing Test. 
a) Girl, 10 years, 10 months. Sketchy lines, large figure dimension, hands 
hidden in pocket, opposite gender, defined as older than the author of the 
drawing. 
b) Girl, 11 years, 11 months. Shading and blackening, poor integration of the 
part of the drawn (head separated from the body), body part omission (all facial 
features are omitted), absence of hands and feet details, spontaneously drew 
two figures of both equal and opposite gender and both defined as older than 
the author of the drawing. 
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maternal autoantibodies and cytokines [46], which have been shown, in 
animal models [47], to alter fetal brain development and induce 
behavioral anomalies in offspring, and to obstetric complications 
[23,38,44,45,48]. On the other hand, a recent paper by Yin et al. 
documented the presence of a risk of ASD also in children born to 
mothers affected by arthralgia, suggesting other pathways of risk than 
autoimmunity/inflammation [46]. 

The developmental/cognitive profile was normal in the majority of 
the sample. The only child with cognitive difficulties suffered from ASD 
that can justify the low quotients. Our data suggest that intellectual 
disability represents a rare outcome for children with SSc mothers with a 
similar prevalence to the general pediatric population (1–3 %) [49]. 
Normal intelligence levels have been reported also in children born to 
mothers with systemic lupus erythematosus and antiphospholipid syn
drome [22,25,50], leading to the assumption that maternal autoimmu
nity does not impair offsprings’ global intelligence quotient [25,51]. A 
similar finding concerns the adaptive functioning of our children: in fact, 
the only child with low score at VABS-II was the ASD patient. 

According to the CBCL, 15 % of our children reached the subclinical 
range for internalizing and/or externalizing problems, and a third of 
subjects presented with risk score for social and out-of-school activities. 
This finding, partially confirmed at YSR, may reflect a poor social life 
and limited extra-school interests. In this regard, children have been 
described by their mothers with autoimmune rheumatic diseases as 
“hyper-mature”, early independent, behaving as adults, very sensible 
and responsible, especially towards the mother’s needs and worries 
[38]. Our results could further support these findings, suggesting that a 
chronic condition may hinder maternal support for the children’s social 
development and emotional-behavioral profile [25,38]. Furthermore, 
during adolescence maternal illness could be experienced as a limit in 
the process of gaining autonomy and independence. 

None of our children presented with low scores at HRQOL. However, 
we noticed a discrepancy between parental and children reports, with an 
overestimation of the data obtained from the parental formats in all the 
domains, but especially for physical, emotional, social areas. To the best 
of our knowledge, our study is the first one evaluating the quality of life 
of children born to mothers affected by rheumatic diseases. We hy
pothesize that children tend not to fully show their needs and emotions 
to mothers, which in turn are not able to recognize completely the off
spring’s difficulties, leading to an overestimation of their psychosocial 
adaptation. 

From the evaluation for psychiatric disturbances, we detected a high 
risk for anxiety, depressive and somatic disorders. Among all the SAFA-A 
and -B subscales, the major critical issues emerged for separation and 
school anxiety, anhedonia, irritability, inadequacy and sense of guilty. These 
findings could be related to those obtained at CBCL and YSR, as these 
subjects seem to have a reduced interest in activities commonly 
considered enjoyable for their age, resulting in poor engagement in out- 
of-school and social activities. Furthermore, at SAFA-S almost a third of 
cases had scores compatible with a partial denial of somatic symptoms 
and hypochondria. These results, in addition to those emerged from the 
analysis of the HFDT, seem to confirm the tendency of children to 
recognize more their mothers’ disorders and inconveniences, while 
denying their own, even if only partially. 

The HFDT revealed higher emotional fragility and poor competence 
in metabolizing one’s emotional experiences. Along with immature 
graphic trait, we detected a higher frequency of body parts omission in 
children’s drawings, especially concerning facial features and hands 
which are typically deformed in mothers due to SSc. Furthermore, we 
found that the figure drawn was a mature person (adult/elderly), finding 
that could reflect how lonely these children may feel when face with a 
task that regards the processing of anxiety and concerns related to 
maternal chronic illness, due to their psychic maturity. More in general, 
the image drawn by the child is a function of the interaction between 
physical appearance and self-concept or self-esteem. It is therefore 
conceivable that in these children, the awareness of the maternal illness 

represented a traumatic event, reinforcing some defenses such as self- 
holding and leading to hypertrophic development of intellectual abili
ties and a false-self personality, emotionally fragile. 

Regarding potential limitations associated with the study, the rela
tively small number of patients recruited due to the fact that SSc is a rare 
disease with a rare onset during reproductive age. Future studies should 
be conducted in larger samples. 

In conclusion, children born to SSc women exhibit normal cognitive 
and adaptive abilities but an increased vulnerability to psychopatho
logical problems and fragility in social functioning. These observations 
might reflect, on one hand, that children need to feel adequate and 
mature to face the task of accepting the chronic disease of their mothers; 
on the other hand, that the chronic condition of the women may affect 
children’ social, affective and relational development. The early iden
tification of psychopathological and/or social difficulties in the offspring 
would be worthwhile, in order to help children to overcome their 
possible difficulties during the developmental years. 
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vision, responsible of Brescia Systemic Sclerosis cohort. Franco Fran
ceschini: Supervision. Angela Tincani: Writing – review & editing, 
Supervision, Conceptualization. Elisa Fazzi: Writing – review & editing, 
Supervision, Conceptualization. 

Declaration of competing interest 

Author MGL has received research support from GILS. The other 
authors declare they have no relevant financial interests. 

Ackowledgements 

The Authors would like to thank the no-profit association of Italian 
Systemic Sclerosis patients “GILS” (Gruppo Italiano Lotta Sclerodermia) 
for substantially supporting the study. We thank children and their 
mothers for participating. 

References 

[1] M.G. Lazzaroni, S. Piantoni, F. Angeli, S. Bertocchi, F. Franceschini, P. Airò, 
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[46] W. Yin, M. Norrbäck, S.Z. Levine, N. Rivera, J.D. Buxbaum, H. Zhu, et al., Maternal 
rheumatoid arthritis and risk of autism in the offspring, Psychol. Med. 53 (15) 
(2023) 7300–7308, https://doi.org/10.1017/S0033291723000855. 

[47] A. Luchicchi, S. Lecca, M. Melis, M. De Felice, F. Cadeddu, R. Frau, et al., Maternal 
immune activation disrupts dopamine system in the offspring, Int. J. 
Neuropsychopharmacol. 19 (7) (2016) pyw007, https://doi.org/10.1093/ijnp/ 
pyw007. 

[48] L. Brimberg, A. Sadiq, P.K. Gregersen, B. Diamond, Brain reactive IgG correlates 
with autoimmunity in mothers of a child with an autism spectrum disorder, Mol. 
Psychiatry 18 (11) (2013) 1171–1177, https://doi.org/10.1038/mp.2013.101. 

[49] G. Antolini, M. Colizzi, Where do neurodevelopmental disorders go? Casting the 
eye away from childhood towards adulthood, Healthcare 11 (7) (2023) 1015, 
https://doi.org/10.3390/healthcare11071015. 

[50] C. Nalli, A. Iodice, L. Andreoli, J. Galli, A. Lojacono, M. Motta, et al., Long-term 
neurodevelopmental outcome of children born to prospectively followed 
pregnancies of women with systemic lupus erythematosus and/or antiphospholipid 
syndrome, Lupus 26 (5) (2017) 552–558, https://doi.org/10.1177/ 
0961203317694960. 

[51] D. McAllister, B.J. Kaplan, S.M. Edworthy, L. Martin, S.G. Crawford, R. Ramsey 
Goldman, et al., The influence of systemic lupus erythematosus on fetal 
development: cognitive, behavioral, and health trends, J. Int. Neuropsychol. Soc. 3 
(4) (1997) 370–376. 

J. Galli et al.                                                                                                                                                                                                                                     

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on August 01, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

https://doi.org/10.2147/CLEP.S191418
https://doi.org/10.3899/jrheum.181460
https://doi.org/10.3899/jrheum.181460
https://doi.org/10.1007/s12016-021-08910-0
https://doi.org/10.1007/s12016-021-08910-0
https://doi.org/10.1136/annrheumdis-2013-204424
https://doi.org/10.1136/annrheumdis-2013-204424
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf202403251118208984
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf202403251118208984
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf202403251118208984
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0030
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0030
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0035
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0035
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0040
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0040
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0045
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0045
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0045
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0050
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0050
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0050
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0050
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0055
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0055
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0055
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0055
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0060
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0060
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0060
https://doi.org/10.1023/a:1014836921812
https://doi.org/10.1023/a:1014836921812
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0070
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0070
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0070
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0075
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0075
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0080
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0085
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0085
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0085
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0090
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0090
https://doi.org/10.3389/fphar.2021.626258
https://doi.org/10.3389/fphar.2021.626258
https://doi.org/10.1016/j.autrev.2017.05.005
https://doi.org/10.1016/j.autrev.2017.05.005
https://doi.org/10.1002/acr.23235
https://doi.org/10.1542/peds.2008-2445
https://doi.org/10.1542/peds.2008-2445
https://doi.org/10.1002/art.23311
https://doi.org/10.1002/art.23311
https://doi.org/10.1191/0961203304lu2018oa
https://doi.org/10.1191/0961203304lu2018oa
https://doi.org/10.1016/S0140-6736(12)60820-4
https://doi.org/10.1016/S0140-6736(12)60820-4
https://doi.org/10.1002/1529-0131(199904)42:4<763::AID-ANR21>3.0.CO;2-V
https://doi.org/10.1002/1529-0131(199904)42:4<763::AID-ANR21>3.0.CO;2-V
https://doi.org/10.1002/art.34350
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0140
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0140
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0140
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0140
https://doi.org/10.1177/0961203313501402
https://doi.org/10.1016/j.jpeds.2016.02.020
https://doi.org/10.1097/01.CHI.0000046889.27264.5E
https://doi.org/10.1097/01.CHI.0000046889.27264.5E
https://doi.org/10.1111/jcpp.12573
https://doi.org/10.1080/136828200247133
https://doi.org/10.1080/136828200247133
https://doi.org/10.1016/j.bpobgyn.2019.11.003
https://doi.org/10.1016/j.bpobgyn.2019.11.003
https://doi.org/10.1016/j.spp.2020.08.005
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0180
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0180
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0180
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0185
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0185
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0185
https://doi.org/10.1136/bmj.332.7545.828
https://doi.org/10.3389/fpsyt.2022.736696
https://doi.org/10.3389/fmed.2022.1052806
https://doi.org/10.3389/fmed.2022.1052806
https://doi.org/10.1177/088307389901400608
https://doi.org/10.1002/art.39320
https://doi.org/10.1002/art.39320
https://doi.org/10.1016/j.semarthrit.2013.07.001
https://doi.org/10.1017/S0033291723000855
https://doi.org/10.1093/ijnp/pyw007
https://doi.org/10.1093/ijnp/pyw007
https://doi.org/10.1038/mp.2013.101
https://doi.org/10.3390/healthcare11071015
https://doi.org/10.1177/0961203317694960
https://doi.org/10.1177/0961203317694960
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0245
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0245
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0245
http://refhub.elsevier.com/S0378-3782(24)00057-4/rf0245

	Neurodevelopmental profile in children born to mothers affected by systemic sclerosis
	1 Introduction
	2 Materials and methods
	2.1 Statistical analysis

	3 Results
	3.1 Anamnestic data
	3.2 Direct assessment

	4 Discussion
	Funding
	Ethics approval
	Consent to participate and publish
	CRediT authorship contribution statement
	Declaration of competing interest
	Ackowledgements
	References


