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SYSTEMATIC REVIEW OPEN
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Pierre Ellul 1,2✉, Eric Acquaviva1, Hugo Peyre1,3, Michelle Rosenzwajg 4, Pierre Gressens 3, David Klatzmann 2,4 and
Richard Delorme1,5
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Epidemiological studies have raised concerns about the risk of neurodevelopmental disorders (NDD) in children of patients with
autoimmune or inflammatory disorders (AID). The pathophysiological pathways underlying this association are still unknown and
little is known about the specific and distinct risk of each AID. To explore these questions, we investigated the association between
the occurrences of several NDD in the offspring of mothers or fathers with different IDA. We conducted a meta-analysis—PROSPERO
(CRD42020159250)—examining the risk of NDD in the offspring of mothers or fathers with AID. We performed specific analyses
separately in fathers or mothers of NDD patients as well as subgroup analyses for each NDD and AID. We searched MEDLINE,
Embase, PsycINFO, Cochrane Central Register of Controlled Trials, and Web of Science Core Collection published until December
2021. From an initial pool of 2074 potentially relevant references, 14 studies were included, involving more than 1,400,000 AID and
10,000,000 control parents, 180,000 children with NDD and more than 14,000,000 control children. We found AID in mothers
(Adjusted OR 1.27 [95% CI 1.03; 1.57] p= 0.02, [I2= 65%, Tau2= 0.03 p= 0.01] and adjusted OR 1.31 [95% CI 1.11; 1.55] p= 0.001,
[I2= 93%, Tau2= 0.13 p= 0.001] and, although in a lesser extent, in fathers (adjusted OR 1.18 [95% CI 1.07; 1.30] p= 0.01, [I2=
15.5%, Tau2= 0.002 p= 0.47]) and adjusted OR 1.14 [95% CI 1.10; 1.17] p < 0.0001, [I2= 0%, Tau2= 0 p= 0.29]) to be associated
with ASD and ADHD in the offspring. This difference in the strength of the association was found in the AID-specific analyses,
suggesting that AID increase the risk of NDD by a shared mechanism but that a specific maternal route appears to represent an
additional excess risk. Inflammatory bowel disease were not associated with an additional risk (neither in fathers nor in mothers) of
NDD in offspring. Our results suggest that complex and multiple AID-specific pathophysiological mechanisms may underlie the
association of AID and NDD in offspring. Further, comprehensive studies of the different AID and NDD are needed to draw definitive
conclusions about the pathophysiological links between parental AID and NDD in children.
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INTRODUCTION
Neurodevelopmental disorders (NDD) are a group of neuropsy-
chiatric conditions that occur in children at an early stage of
development and affect more than 10% of children [1]. Based on
DSM-5, NDD gather autism spectrum disorders (ASD), attention
deficit/hyperactivity disorder (ADHD), developmental coordination
disorder, developmental language disorder, dyscalculia, dyslexia,
intellectual disability (ID), and tic disorders [2]. Their determinants
result from close entanglements between genes and environment
[3]. Environmental factors were identified as key players in the
physiopathology of NDD [4–7]. Among them, immune-mediated
events could play an important role in the etiology of NDD. For
example, maternal fever during pregnancy increases the risk of
NDD in the offspring [8–10]. In animal studies, this association is
mediated by the direct action of the innate immune system,
inducing a disruption in the brain development [11, 12].

In humans, similar maternal cytokines during pregnancy—called
maternal immune activation (MIA)—affect the fetal brain devel-
opment, its connectivity, and functions [13].
Autoimmune and autoinflammatory disorders (AID) are char-

acterized by self-reactive immune system activation, which results
in the synthesis of either organ-specific or systemic auto-
antibodies and also the secretion of various cytokines leading to
tissue damages [14]. AID represent a group of more than 100
distinct diseases affecting altogether 3–5% of the general
population [14].
Several studies have highlighted the possibility of an associa-

tion between AID in the family or in the mother alone and certain
NDD (mainly ASD) in their children, suggesting that some of the
causal factors of AID may also be involved in NDD [15–18]. No
previous systematic reviews/meta-analyses have addressed this
association (i) considering all the different NDD or AID, and (ii) by
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comparing separately fathers and mothers with or without AID.
Indeed, it is not known whether AID affect fetal neurodevelop-
ment through direct action, for example via the maternal immune
system during pregnancy (or MIA), or through other pathways,
such as a common genetic or environmental background. By
considering fathers and mothers separately, our meta-analysis
could provide epidemiological arguments in favor of one of these
hypotheses.

METHODS
We performed a systematic review and meta-analysis following
the PRISMA recommendations [19].

Search strategy
We searched MEDLINE (1946 to December 2021), EMBASE (1974 to
December 2021), PsycINFO (1806 to December 2021), Cochrane
Central Register of Controlled Trials (CENTRAL; from inception to
December 2021), and Web of Science Core Collection (1900 to
December 2021) without any restrictions on language, ethnic
origins of the participants, date, or article type. Search terms were
reported in Supplementary Data. We have also explored the
references in studies we included for any potential pertinent study
not detected by the initial search strategy.

Study selection
Studies were included if they met the following criteria: (1) explore
the risk of developing at least one NDD in the offspring (according
to DSM-5 definition); (2) examine the impact of one or more AID in
the parents (mothers or fathers) on the NDD associated risk in
their offspring (AID that were selected a priori by the American
Autoimmune and Related Diseases Association and members of
the Eurofever Project [20, 21]); (3) include a control group of
healthy parents without a personal history of AID. Studies with a
control group of individuals with a psychiatric disorder were not
eligible. Exclusion criteria for the selection of the studies were: (1)
assess only symptoms but not a full diagnosis of NDD; (2)
diagnosis of AID using biological markers only; (3) Data not
available on AID status in both mothers and fathers or NDD in
offspring. Two researchers (PE and EA) independently screened
title or abstract potentially pertinent and excluded those clearly
not relevant. Discrepancies were resolved by a consensus. If
necessary, a senior researcher (RD) acted as an arbitrator. The full-
text version of the selected articles were then assessed for
eligibility by the two researchers, independently. Discrepancies
were resolved as describe previously. When required, correspond-
ing authors were contacted to clarify study eligibility. The protocol
for the present systematic review/meta-analysis was registered on
the international Prospective Register of Systematic Reviews
PROSPERO (protocol number: CRD42020159250). Any deviation
of the published protocol is reported in the Supplementary
Materials. PRISMA checklist is included in the Supplementary Data.

Data extraction, outcomes, and evaluation
PE and EA independently extracted the data, which was cross-
checked to ensure its accuracy. Variables extracted were (i) author
names; (ii) year of publication; (iii) country in which the study was
conducted (iv) main demographic and clinical characteristics of
the population studied (age, sex ratio, number of parents, and
offspring in each condition); (v) AID or NDD considered in the
study (with diagnosis criteria used); (vi) adjusted OR and
confidence interval (CI) (or crude odd ratio if adjusted are not
available), with the adjusting factors used.
Study quality was estimated by using a modified version of the

Newcastle Ottawa Scale (NOS) [22, 23]. Briefly, the NOS provided
assessment criteria for case-control, cross-sectional, and cohort
studies. Three methodological domains were assessed: selection
criteria; comparability; measurement of outcome/exposure.

Scoring criteria were amended such that the maximum score
available for each study was eight. Studies were considered as
high quality if the NOS score was strictly over four.
The main outcome measures were the effect size for each NDD

in children assessed in mothers and fathers with and without AID.
Preplanned secondary outcome measures were: (i) In case of
positivity of the main outcome, the effect size based on cross-
stratification between subtypes of AID in the parents and subtypes
of NDD in the offspring; (ii) A sensitivity analysis by grouping
cohort and case-control studies separately; (iii) A sensitivity
analysis with only good quality controls according to NOS.

Analysis
We used a random-effects meta-analysis model. Heterogeneity
was assessed using the I2 statistic and Tau2. Here, we considered
that a value of I2 > 75% represented substantial heterogeneity
between studies [24]. In case of heterogeneity and if the test
conditions were met, publication bias were analyzed with both
contour-enhanced funnel plot and Egger’s test [25, 26]. We then
checked the effect of outliers using “metainf”. Statistical analysis
was performed using the R package “meta” for meta-analysis of
unadjusted OR and “metaphor” for adjusted OR (log-transformed).
Analysis were only performed when three or more studies were
available. In the main analyses, as some studies had multiple
outcomes, to limit effect size dependencies we combined the
groups to create a single pairwise comparison per study [27].
Random-effects meta-regression analysis were done to quantify
the association on quality scores. These analysis were performed
using the function “metareg” of R package “meta” [28].
Briefly, we have first analyzed the associations between each

NDD with pooled AID in fathers or mothers for unadjusted and
adjusted OR. In order to ensure the validity of our results, we have
carried out sensitivity analysis (i) selectively according to the type
of study, (ii) only in studies considered to be of good quality.

RESULTS
From 2074 potentially relevant references, we included 14 studies
[29–42]. Figure 1 reported the flowchart detailing the screening
process. Studies gathered: (i) 845,411 mothers with AID; (ii)
4,984,965 mothers from the general population as control
individuals; (iii) 601,148 fathers with AID diseases; (iv) 4,992,854

Fig. 1 Flowchart of the selection process for studies included.
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fathers from the general population; (v) 182,927 children with
NDD; and (vi) 14,168,474 children as control. Descriptions of the
studies included in the meta-analysis are reported in Table 1 for
retrospective studies and Table 2 for prospective studies. Studies
included were considered as being of good quality: NOS= 5.8 ±
1.4 and 6.7 ± 0.4. We observed no significant association between
quality of studies and their results in meta-regression analysis
neither in mothers or fathers [log(OR)=−0.08 ± 0.1, p= 0.4; and
log(OR)=−0.24 ± 0.22, p= 0.28; respectively].

ASD in the offspring and AID in parents
We found a positive association between AID in mothers and the
risk of ASD in the offspring in unadjusted analysis (six studies) (OR
1.41 [95% CI 1.09; 1.83] p= 0.37, [I2= 69%, Tau2= 0.05 p < 0.01])
(Supplementary Fig. 1A) and adjusted analysis (five studies) (OR
1.27 [95% CI 1.03; 1.57] p= 0.02, [I2= 65%, Tau2= 0.03 p= 0.01])
(Fig. 2A). Sensitivity analysis on study type found a positive
association in case controls (Unadjusted (five studies) OR 1.52
[95% CI 1.16; 1.98] p= 0.001, [I2= 68%, Tau2= 0.04 p= 0.01];
Adjusted OR 1.34 [95% CI 1.08; 1.65] p= 0.007, [I2= 67.8%, Tau2=
0.16 p= 0.01]). Unfortunately, we were not able to analyze cohort
studies separately (only two studies available). This association
remained significant after sensitivity analysis on study quality
(Unadjusted OR 1.34 [95% CI 1.06; 1.70] p= 0.01, [I2= 62%, Tau2

= 0.03 p= 0.03]; Adjusted OR 1.27 [95% CI 1.03; 1.57] p= 0.02, [I2

= 65%, Tau2= 0.03 p= 0.01]).
Next, we did cross-stratification between each specific AID and

ASD. We found a specific association between maternal type 1
diabetes (T1D) (Unadjusted (four studies) OR 1.80 [95% CI 1.32;
2.47] p= 0.0002, [I2= 0%, Tau2= 0 p= 0.98], adjusted analysis
(three studies) OR 1.60 [95% CI 1.18; 2.18] p= 0.002 [I2= 0%, Tau2

= 0 p= 0.85], psoriasis (Unadjusted (three studies) OR 1.36 [95% CI
1.01; 1.82] p= 0.04 [I2= 0%, Tau2= 0 p= 0.43], adjusted (three
studies) OR 1.45 [95% CI 1.14; 1.85] p= 0.002, [I2= 0%, Tau2= 0 p
= 0.7]), Inflammatory arthritis (IR) Unadjusted (four studies) OR
0.96 [95% CI 0.48; 1.90] p= 0.89, [I2= 44%, Tau2= 0.22 p= 0.15];
Adjusted (three studies), OR 1.38 [95% CI 1.14; 1.68] p= 0.001, [I2

= 0.8%, Tau2= 0 p= 0.57], and increase risk of ASD in the
offspring. In the contrary, we did not found any association
between maternal inflammatory bowel diseases (IBD) (including
Crohn disease and Ulcerative colitis), systemic lupus erythemato-
sus (SLE) and child ASD (respectively, IBD: Unadjusted (five
studies) OR 1.18 [95% CI 0.55; 2.54] p= 0.67, [I2= 76%, Tau2= 0.5
p < 0.01]; Adjusted (four studies) 1.03 [95% CI 0.72; 1.49] p= 0.85,
[I2= 58%, Tau2= 0.07 p= 0.07] and SLE: Unadjusted (four studies)
OR 1.03 [95% CI 0.72; 1.49] p= 0.15, [I2= 0%, Tau2= 0 p= 0.42];
only two adjusted studies). (Supplementary Fig. 2)
We also found a positive association between AID in fathers and

ASD in the offspring (Unadjusted (six studies) OR 1.23 [95% CI 1.04;
1.44] p= 0.01, [I2= 44%, Tau2= 0 p= 0.11] (Supplementary Fig.
1B) adjusted OR (five studies) 1.18 [95% CI 1.07; 1.30] p= 0.01, [I2

= 15.5%, Tau2= 0.002 p= 0.47]) (Fig. 2B). The same results were
found after sensitivity analysis on quality (Unadjusted OR 1.24
[95% CI 1.04; 1.42] p= 0.01, [I2= 53%, Tau2= 0.007 p= 0.07] and
adjusted 1.18 [95% CI 1.07; 1.30] p= 0.01, [I2= 15.5%, Tau2=
0.002 p= 0.47]) or type of study for which only case controls could
be analyzed (Unadjusted OR 1.29 [95% CI 1.02; 1.63] p= 0.003, [I2

= 54%, Tau2= 0.02 p= 0.06] and adjusted: 1.18 [95% CI 1.03; 1.35]
p= 0.01, [I2= 40%, Tau2= 0.08 p= 0,17]).
In cross-stratification analysis, paternal T1D (Unadjusted (three

studies) OR 1.79 [95% CI 0.88; 3.66] p= 0.1, [I2= 42%, Tau2= 0.16
p= 0.18, Adjusted (three studies) OR 1.42 [95% CI 1.10; 1.83] p=
0.007, [I2= 0%, Tau2= 0 p= 0.79) was associated with ASD in the
offspring. Unlike mothers, there was no association between
paternal psoriasis, IBD, and ASD (respectively, Psoriasis Unadjusted
(three studies) OR 2.20 [95% CI= 1.17; 2.74] p= 0.0001, [I2= 0%,
Tau2= 0 p= 0.66], Adjusted (four studies) OR 1.31 [95% CI 0.87;
1.99] p= 0.2, [I2= 32.5%, Tau2= 0.05 p= 0.30]; IBD Unadjusted

(four studies) OR 1.26 [95% CI= 0.52; 3.04] p= 0.61, [I2= 77%,
Tau2= 0.53 p < 0.01], Adjusted (four studies) OR 1.09 [95% CI 0.87;
1.37] p= 0.46, [I2= 0%, Tau2= 0 p= 0.15]) (Supplementary Fig. 3).
There were not enough studies to study paternal LES and IR.

ADHD in the offspring and AID in parents
Maternal AID were also associated with ADHD in the offspring
(Unadjusted, only two studies, adjusted OR 1.31 [95% CI 1.11; 1.55]
p= 0.001, [I2= 93%, Tau2= 0.13 p= 0.001]) (Fig. 3A). Heteroge-
neity was likely due to factors other than publication bias and no
outlier was found (Fig. 3B). Sensitivity analysis on quality could not
be performed (only two studies). Cross-stratification analysis found
a positive association between maternal T1D (Unadjusted, only
two studies, adjusted OR 1.36 [95% CI 1.24; 1.52] p < 0.0001, [I2=
0%, Tau2= 0 p= 0.82]), psoriasis (Unadjusted, only two studies,
adjusted OR 1.41 [95% CI 1.29; 1.54] p < 0.0001, [I2= 22%, Tau2=
0.04 p= 0.31], IR (Unadjusted, only two studies, adjusted OR 1.32
[95% CI 1.25; 1.40] p < 0.0001, [I2= 0%, Tau2= 0 p= 0.78]). In the
contrary, we did not found association in case of maternal IBD
(Unadjusted, only two studies, adjusted OR 1.40 [95% CI 0.90; 1.40]
p= 0.13, [I2= 96%, Tau2= 0.37 p= 0.003]) (Supplementary Fig. 4).
AID in fathers were associated with ADHD in offspring

(Unadjusted, only two studies, adjusted OR 1.14 [95% CI 1.10;
1.17] p < 0.0001, [I2= 0%, Tau2= 0 p= 0.29]) (Fig. 3C). Results
were similar in high quality studies only (adjusted OR 1.14 [95% CI
1.10; 1.17] p < 0.0001, [I2= 0%, Tau2= 0 p= 0.29). In cross-
stratification we found a positive association between paternal
T1D (Unadjusted, only two studies, adjusted OR 1.19 [95% CI 1.08;
1.31] p= 0.0003, [I2= 0%, Tau2= 0 p= 0.31]), psoriasis (Unad-
justed, only two studies, adjusted OR 1.18 [95% CI 1.12; 1.24] p <
0.0001, [I2= 0%, Tau2= 0 p= 0.19]) but not IR (Unadjusted, only
two studies, adjusted OR 1.28 [95% CI 0.89; 1.83] p= 0.18, [I2=
78%, Tau2= 0.07 p= 0.02]), IBD (Unadjusted, only two studies,
adjusted OR 1.02 [95% CI 0.82; 1.27] p= 0.84, [I2= 80%, Tau2=
0.02 p= 0.037]) and ADHD in the offspring (Supplementary Fig. 5).

Other NDD in the offspring and AID in parents
When pooling other NDD we found no association with AID in
mothers (unadjusted OR 1.45 [95% CI 0.89; 2.37] p= 0.01, [I2=
78%, Tau2= 0.1 p= 0.01]. Heterogeneity was likely due to
publication bias without outlier. This association remained
identical in sensitivity analysis study type (no cohort study).
Sensitivity analysis on quality score could not be performed (only
two studies). Cross-stratification could not be performed due to
the small number of studies.
No association were found in case of AID in fathers (Unadjusted

OR 1.08 [95% CI 0.98; 1.19] p= 0.13, [I2= 13%, Tau2= 0.001 p=
0.32]. No sensitivity analysis could be performed.

DISCUSSION
Whereas previous meta-analyses have focused either on specific
NDD/AID or on unspecific familial risk association [17, 18], our
study is the first meta-analysis exploring separately the risk of
maternal or paternal AID and offspring NDD.
First, we found that paternal and maternal AID conferred a

significant risk factor for ASD and ADHD in the offspring. Several
hypotheses may underlie these results: (i) environmental factors
are highly implicated in the onset of AID. Among them, exposition
to environmental pollutants (such as pesticides) or smoking are
well recognized [43]. Environmental pollutants are also associated
with increased risk of NDD [44, 45]. Thus, we cannot formally
exclude that the association found between parental AID and NDD
is not, at least partly, due to a common exposure to pollutants in
connection with the same residential area. Both paternal and
maternal smoking are also associated with an increased risk of
NDD in the offspring [46, 47]. However, even if a direct effect of
smoking on fetal brain exist, smoking in father may act through
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genetic pathways [48]. (ii) AID susceptibility genes might also act
as risk factors for NDD. Genes involved in cytokines or in HLA
system are associated with both immune functions and normal
neurodevelopment (for review see ref. [49]). For example, in T1D,
class II HLA genes—specifically HLA-DR3/DR4 and HLA DQ2/DQ8—
are known to be associated with its onset [50]. Interestingly, HLA-
DR4 is also associated with NDD with an estimated odds ratio of
4.67 [95% CI: 1.34–16.24] [51, 52]. Several studies have reported
that HLA-DR proteins are expressed within several brain regions,
such as the striatum, and participate in brain architecture [53]. This
could explain in turn the gene-driven association between T1D
and NDD [54, 55]. Despite the level of association between
susceptibility genes in NDD and T1D remained weak, few studies
have explored the association of T1D polygenic risk score on the
risk of NDD [56–58]. Given that an increased risk of AID has been
found in second and third degree relatives of patients with
neurodegenerative disorders, shared environmental exposure is
unlikely [41]. We therefore hypothesize that the shared risk of AID
in mothers and fathers and NDD in offspring may be mediated by
genetic pathways.
We also observed that AID in mothers appears to be a higher

risk factor for NDD than in fathers (ASD 1.37 [95% CI: 1.16–1.61]
versus 1.18 [95% CI: 1.03–1.44; ADHD 1.31 [95% CI: 1.11–1.55]
versus 1.14 [95% CI: 1.10–1.31;]. Even if small overlap in CI is
observed, the difference in OR between mothers and fathers is
surprisingly stable (around 0.2). If AID in mother is an additional
risk factor affecting fetal brain development, we hypothesize that
it could act as an environmental insult. Maternal immune
activation (MIA) induces by active AID during pregnancy could
mediate this association, as seen in infection during pregnancy,
known to increase risk of NDD in the offspring. According to
animal models of MIA, dysregulation of specific immunological
pathways during pregnancy is associated with NDD in children
[59]. In MIA-mice model, interleukin 6 (IL-6) and interleukin 17 (IL-
17) secretion during pregnancy mediates the occurrence of ASD-
like behavior in pups [60, 61]. The mediation from MIA of
gestational mothers to ASD-like behaviors in pups remained
unclear but preliminary studies suggested the action of IL-17 on
specific receptors, located on the fetal neurons [60]. Thus,
injection of anti IL-17 antibody into pregnant MIA-mice model,
reduces the development of the ASD-like phenotypes in the pups
[60].
Our study should be considered in light of its general strengths

and limitations, mostly related to the meta-analysis method. One
of the major strengths of our report is its ability to gather a large
number of studies encompassing several millions of individuals,
warranting the robustness and the reliability of the results we
reported. In the same line, our main results were calculated as
adjusted OR which considered the effect due to confounding
variables and allowed the generalization of our findings. Third, we
have only included studies including both mothers and fathers in
order to control the different measured confounder such as
diagnostic criteria for both NDD and AID. By contrast, the intrinsic
conception of the studies we included in the meta-analysis has
several weaknesses. First, there was relatively less data on fathers
making any definitive conclusion difficult. This problem is
particularly acute when we consider cross-stratification analyses.
Second, our study was not exhaustive in its ability to consider the
whole group of NDD (for example no study have focused on IA or
specific learning disorders) in offspring and/or AID in parents,
even if we considered the main NDD and AID in our analysis.
Despite all, we hypothesize that the association between AID and
NDD in offspring can be considered as the main rule even though
some exceptions (such as IBD) may exist for other rarer conditions
that we could not take into account in our study. We have also
consciously chosen to include, for analysis purposes, only
diagnosed NDD, excluding de facto subclinical symptoms.
However, environmental risk factors increase subclinicalTa

bl
e
2.

D
es
cr
ip
ti
ve

d
at
a
fo
r
co

h
o
rt

st
u
d
ie
s
in
cl
u
d
ed

in
th
e
m
et
a-
an

al
ys
is
.

A
ut
h
or

Y
ea

r
C
ou

n
tr
y

A
ID

N
D
D

N
of

p
ar
en

ts
w
it
h
A
ID

N
of

p
ar
en

ts
w
it
h
A
ID

an
d
of
fs
p
ri
n
g

w
it
h
N
D
D

N
of

p
ar
en

ts
w
it
ho

ut
A
ID

N
of

p
ar
en

ts
w
it
h
ou

t
A
ID

an
d
of
fs
p
ri
n
g

w
it
h
N
D
D

Ji
20

18
Sw

ed
en

T1
D

A
D
H
D

67
00

+
15

,6
15

N
R

99
3,
44

2
+
1,
38

0,
82

9
N
R

R
o
m

20
18

D
en

m
ar
k

R
A

A
SD

15
,6
15

+
13

,5
56

84
1,
38

0,
82

9
+

1,
90

4,
16

7
18

,1
16

A
n
d
er
se
n

20
14

D
en

m
ar
k

IB
D

A
SD

63
30

+
67

00
62

1,
91

1,
39

3
+
99

,4
42

16
,0
50

Le
e

20
21

Ta
iw
an

Sj
o
g
re
n
,S

LE
,R

A
,S

ys
te
m
ic

sc
le
ro
si
s,
Id
io
p
at
h
ic

in
fl
am

m
at
o
ry

m
yo

si
ti
s,
T1

D
,M

S,
M
ya
st
h
en

ia
g
ra
vi
s,

Ps
o
ri
as
is
,I
B
D
,V

as
cu

lit
is
,A

S,
B
eh

çe
t

A
D
H
D

19
90

11
7
+
61

70
6,
52

7
28

,0
92

+
28

,1
48

Le
e

20
21

Ta
iw
an

Sj
o
g
re
n
,S

LE
,R

A
,S

ys
te
m
ic

sc
le
ro
si
s,
Id
io
p
at
h
ic

in
fl
am

m
at
o
ry

m
yo

si
ti
s,
T1

D
,M

S,
M
ya
st
h
en

ia
g
ra
vi
s,

Ps
o
ri
as
is
,I
B
D
,V

as
cu

lit
is
,A

S,
B
eh

çe
t

A
SD

13
27

13
+
10

70
7,
19

0
44

93
+
44

96

N
o
te

th
at

fo
r
Le
e,

w
e
h
av
e
d
el
ib
er
at
el
y
sh
o
w
n
tw

o
d
iff
er
en

t
lin

es
b
ec
au

se
th
ey

st
u
d
ie
d
tw

o
n
eu

ro
d
ev

el
o
p
m
en

ta
l
o
u
tc
o
m
es
.

A
ID

au
to
im

m
u
n
e
o
r
in
fl
am

m
at
o
ry

d
is
o
rd
er
s,
N
D
D
n
eu

ro
d
ev

el
o
p
m
en

ta
l
d
is
o
rd
er
s,
T1
D
ty
p
e
1
d
ia
b
et
es
,R

A
rh
eu

m
at
o
id

ar
th
ri
ti
s,
IB
D
in
fl
am

m
at
o
ry

b
o
w
el

d
is
ea
se
,A

D
H
D
at
te
n
ti
o
n
d
efi

ci
t/
h
yp

er
ac
ti
vi
ty

d
is
o
rd
er
s,

A
SD

au
ti
sm

sp
ec
tr
u
m

d
is
o
rd
er
s.

P. Ellul et al.

5

Translational Psychiatry          (2022) 12:112 



neurodevelopmental symptoms, suggesting that we may under-
estimate the impact of parent AID on NDD. As autoimmune
diseases are rare in male, and in order to overcome these
limitations, we advocate the development of international
prospective cohort studies including fathers and mothers with
several AID in order to assess the role of genetics in this
association (or not) with NDD. Third, we only have little
information on parents’ AID. If we consider that AID in mother
could be an extra risk factor mediated by environment, we do not
know whether AID was clinically active during the specific period
of pregnancy. However, the absence of clinical symptoms does
not mean the absence, for example, of low-grade subsyndromic
inflammation. Finally, in most of the reports considered for the

meta-analysis, the potential use of treatments by mothers during
pregnancy was not reported. Most drugs currently prescribed in
AID have a pleiotropic effect and could participate in the
increased risk of NDD in the offspring of mothers with AID [62].
However, the follow-up of children exposed to immunosuppres-
sive drugs during pregnancy did not argue for this hypothesis [63–
65]. Prospective studies including mothers with an AID onset
before, during and after the pregnancy and screening both the
clinical, treatments and biological status would fill this gap and
help to disentangle the genetic and environmental involvement.
In conclusion, our findings help to reconsider the relationship

between AID in parents and the NDD risk in offspring. Our results
point to a complex mechanism combining common factors in

Fig. 3 Forest plot and contour enhanced funnel plot showing the meta-analysis results of the association between ADHD in parents and
ASD in the offspring (adjusted). A Mothers, B Fathers. Each square represents individual study effect. Its size represents the study weight in
the overall analysis. The black lines on either side of the squares represent the confidence intervals. The diamond at the bottom represents
the summary effect with the outer edges representing the confidence intervals. Square or diamond on the right of the central bar (i.e.,
superior to 1) represents a positive association between paternal AID and ASD in the offspring. To be significant, the confidence interval lines
must not cross 1. C Contour enhanced funnel plot for mothers’ analysis. Areas represent studies with p-values larger than 0.10 (white), smaller
than 0.05 (light gray), smaller than 0.01 (dark gray), and smaller than 0.001 (light gray outside large triangle).

Fig. 2 Forest plot showing the meta-analysis results of the association between AID in parents and ASD in the offspring (adjusted). A
Mothers B Fathers. Each square represents individual study effect. Its size represents the study weight in the overall analysis. The black lines on
either side of the squares represent the confidence intervals. The diamond at the bottom represents the summary effect with the outer edges
representing the confidence intervals. Square or diamond on the right of the central bar (i.e., superior to 1) represents a positive association
between maternal AID and ASD in the offspring. To be significant, the confidence interval lines must not cross 1.
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fathers and mothers (such as genetics) accounting for half of the
risk and a specific maternal factor, possibly mediated by the direct
effect of MIA on fetal neurodevelopment, accounting for the other
half. Future studies considering both genetic and environmental
information may be of great value to help deciphering the
intriguing link between AID in parents and NDD in the offspring.
Although the effect size remains modest, more systematic
screening for NDD in children born to parents with AID should
be considered.
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