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Abstract

Background: Migration has been implicated as a risk factor for autism spectrum disorder (ASD) and attention-deficit/
hyperactivity disorder (ADHD), but evidence is still limited and inconsistent. We aim to investigate the relationship
between migration status and risk of ASD and ADHD.

Methods: Electronic databases including PubMed, EMBASE, Web of Science, and PsychINFO were searched to
identify observational studies on this topic, from inception to February 2021. Random-effects meta-analysis models
were used to pool the summary odds ratio (OR) and 95% confidence interval (95% Cl), and subgroup analyses were
conducted to detect possible discrepancies in associations. Certainty of evidence was assessed as per the Grading of
Recommendations, Assessment, Development and Evaluations (GRADE) guidelines.

Results: A total of 13 studies (6,532,546 participants) for ASD, five studies (2,875,070 participants) for ADHD, and six
studies (31,158 participants) for hyperactivity were included. Overall, the pooled results indicated that migration was
associated with increased risk of ASD (pooled OR: 1.32; 95% Cl: 1.07-1.63; P for Z test=0.010), but no association was
found between migration and ADHD (pooled OR: 0.84; 95% Cl: 0.53-1.32; P for Z test =0.452) or hyperactivity (pooled
standardized mean difference: -0.073; 95% Cls: —0.383-0.236; P for Z test =0.642). Subgroup analyses further demon-
strated that maternal migration was ASD risk factor (pooled OR: 1.49; 95% Cl: 1.19-1.87), and migrant children were
more likely to develop ASD with comorbid intellectual disability (ID) (pooled OR: 1.21, P for interaction = 0.006) than
ASD without ID. After standardized the origin of migrants, European migrant children from Americas were at higher
risk of ASD and ADHD (pooled OR were 4.13 and 1.26), and increased ASD risk was also observed in African children
(pooled OR: 2.72). The GRADE of evidence was very low.

Conclusions: Maternal migration is a risk factor for ASD, and migrant ASD children are more likely comorbid ID. The
role of migration on ADHD remains controversial, more studies are needed to assess the association between migra-
tion status and ADHD. Health care practitioners should consider screening and providing extra resources for migrant
children.
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Introduction

Over the past two decades, the number of international
migrants have grown robustly from 153 million in 1990
to 281 million in 2020, and much of this increase was
due to labour, family migration, or humanitarian crises
in many parts of the world [1]. It is estimated that chil-
dren and adolescents comprise 14.6% of all international
migrants (first-generation migrants) [1], but the underly-
ing greater number of migrant offspring (second-gener-
ation migrants) has not been well evaluated. On the one
hand, supported by appropriate policies, migration may
be expected to facilitate access to better health care and
education for migrant children and adolescents [2]. How-
ever, on the other hand, socioeconomic barriers occur
during migrant integration process in host societies
which may have adverse effects on the migrant children
and adolescents, especially on mental health [3, 4]. With
an increasing amount of migrants, migration background
has become an important variable when studying mental
health from a public health perspective [5].

Autism spectrum disorder (ASD) and attention-defi-
cit/hyperactivity disorder (ADHD) are highly correlated
childhood-onset mental disorders, with prevalence of
1.85 and 5.29%, respectively [6—8]. The core symptoms
of ASD (social communication and interaction impair-
ments, and restricted repetitive behaviours, interests and
activities) and ADHD (age-inappropriate inattentiveness,
impulsivity, and hyperactivity) present in early childhood,
and often persist into adulthood [9-11]. Poor parental
socioeconomic status is associated with increased risk
of ASD and ADHD [12, 13]. Migrant children may have
parental socioeconomic disadvantage, have experienced
severe premigration trauma, and could face ongoing
chronic stress and traumatization after migration, includ-
ing family separation, detention and parental deporta-
tion [14]. Migration status is a suggestive risk factor for
heterogeneous psychiatric conditions [15], but the role of
migration in ASD and ADHD remains uncertain [16—19].

A pervasive review of risk factors of autism listed
maternal migration as suggestive evidence [20]. Pooling
five studies, the meta-analysis found a marginal associa-
tion between maternal migration and autism with high
heterogeneity [summary effect estimate: 1.28, 95% con-
fidence interval (CI): 0.99-1.65], and significant asso-
ciation was observed in Nordic studies (summary effect
estimate: 1.58, 95%CI: 1.14-2.19) [21]. According to a
Netherlands study, children with paternal migration were
at lower risk of ASD [rate ratio (RR): 0.60, 95 95%CI:
0.50-0.90] [22]. However, this finding was not confirmed

in other studies [18, 23]. The certain effect of migra-
tion status on ASD may differ across parental history
of migration, generation of migration, as well as origin
and destination area of migrant, which needs systematic
assessments [20, 21, 24].

Measured by the Strengths and Difficulties Question-
naire (SDQ), Derluyn et al. [25] found migrant children
might have lower hyperactivity score comparing to non-
migrant children. But other studies did not detect any
significant difference in hyperactivity score stratified by
migration status [26, 27]. Result from 17,461 participates,
Huss et al. suggested families with history of migration
had fewer ADHD diagnoses among children and adoles-
cents [odds ratio (OR): 0.50, 95%CI: 0.32—0.78] [28]. On
the contrary, study by Lehti et al. observed a significantly
increased likelihood of being diagnosed with ADHD
among children who have two immigrant parents (OR:
4.7,95% CI: 3.4-6.6) [29]. Current evidence about migra-
tion status associated with ADHD and related symptom
among children and adolescents remains inconsistent.

ASD and ADHD are the most devastating mental dis-
orders of childhood in terms of prevalence, morbidity,
outcome, impact on the family, and cost to society. Inves-
tigating the relationship between migration and these
disorders can help to provide better mental health service
for this population. Therefore, we conducted this system-
atic review and meta-analysis to evaluate the current epi-
demiological evidence about migration status and risk of
ASD and ADHD.

Methods

Search strategy and selection criteria

In this systematic review and meta-analysis, we searched
PubMed, EMBASE, Web of Science Core Collection, and
PsycINFO, for studies published in English between data-
base inception and February, 2021. We included epide-
miological studies that measured the association between
migration status and risk of ASD (including autism,
Asperger’s syndrome, autistic disorder, autism spectrum
disorder, or pervasive developmental disorder [PDD]) or
ADHD in children and adolescents (0—19years) and pro-
vided risk estimates including OR, RR, or hazard ratio
(HR) with 95% CIs. Given the limited evidence about
ADHD, we further included studies comparing ADHD
symptom scores between migrant and non-migrant chil-
dren as a supplementary analysis. Migrant children were
defined as 1) the children who moving away from the
place they live, or 2) the children had one or more parent
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born aboard. We included internal and international chil-
dren migration, defined as migration within and beyond
a country’s borders, respectively. We included children
migration for any reason, such as employment (labour
migration), armed conflict or disaster (forced migra-
tion). The comparator group was non-migrant (native)
children. Conference abstracts and review articles were
excluded. For overlapping data, study with the largest
dataset was reserved. The search strategy and full list of
search terms used were provided in the supplementary
material (Appendix 1). We identified additional stud-
ies by manual searching the reference list of included
studies. All titles, abstracts, and full-text articles were
screened independently by two investigators. Disagree-
ments were resolved through discussion and adjudication
by a third investigator, as needed.

The present study was conducted and reported accord-
ing to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses 2020 guidelines (Supple-
mentary Table 1) [30]. This review was not registered,
and the protocol was available from the corresponding
author upon request.

Data extraction and quality assessment

Two investigators independently extracted data and
evaluated the quality of each study. Disagreements were
resolved through discussion. The following data were
extracted from each publication: first author, year of pub-
lication, location, number of participants, age at diag-
nosis, definition and type of migration, outcome and
assessment tool, maximally adjusted ORs, RRs or HRs
with 95% Cls and corresponding adjusted covariates, and
mean symptom score with SD.

The methodological quality of included studies was
assessed using the Newcastle-Ottawa Quality Assess-
ment Scale (NOS) [31]. Study quality was evaluated
based on the selection, comparability, exposure (for case-
control studies) or outcome (for cohort studies) with a
maximum score of 9. Study with a score>7 was consid-
ered as a high-quality study.

Statistical analysis

We investigated the associations between the migration
status (migrant group versus non-migrant group) and
risk of ASD or ADHD as the main analysis and compared
the symptom score between groups as supplementary
analysis. The priori Der-Simonian and Laird random-
effects model was chosen because it accounted for both
within- and between-study heterogeneity [32, 33]. We
estimated pooled ORs with 95% ClIs for the risk of ASD
and ADHD, and standardized mean differences (SMDs)
with 95% ClIs for symptom score comparisons. Between-
study heterogeneity was tested using I* statistic, an
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I>>50% was considered to represent high heterogeneity
[34].

If a study did not provide the overall risk estimate for
migrant children being diagnosed as ASD or ADHD
compared to non-migrant control (or symptom score
differences between groups), we firstly pooled a within-
study OR (SMD) for overall estimate. Subsequently,
subgroup analyses were carried out stratified by ASD
comorbid intellectual disability (yes or no), migration
generation (1st-generation or 2nd-generation), paren-
tal country of birth (foreign-born mother, foreign-born
father, or both parents foreign-born), the origin of Euro-
pean migrant children (classified according to the World
Health Organization, including Africa, Americas, Eastern
Mediterranean, Europe, South-East Asia, and Western
Pacific), and NOS score (<7 or > 7).

Publication bias was detected using Egger’s and Begg’s
linear regression asymmetry tests [35], and identified
publication bias was adjusted using trim-and-fill method
[36]. We also conducted influence analyses to assess the
effect of each individual study on the summary estimates.
All analyses were conducted using Stata software ver-
sion 11.0 (StataCorp, College Station, TX, USA). P value
<0.05 inferred the statistical significance for all analyses,
except for the Egger’s and Begg’s tests (P value <0.10) due
to their low statistical power.

The Grading of Recommendations, Assessment, Devel-
opment and Evaluations (GRADE) guidance was used
to rate the certainty of evidence [37] and presented in
Appendix 2.

Results

A total of 10,319 records were identified by retrieving
electronic databases from inception to February 2021, of
which 6663 were retained after manual removal of dupli-
cates. Through titles and abstracts sifting, 6507 irrel-
evant articles were removed. After reviewed full texts
of remaining articles, 127 records including four studies
using duplicate population [38—41] was further excluded.
To guarantee the comprehensiveness of current study,
four eligible articles were further included through man-
ual search and updated search. Finally, 23 eligible studies
were included in this systematic review and meta-analy-
sis (Fig. 1).

The characteristics of included studies were described
in Table 1 and Supplementary Table 2. Eligible stud-
ies were published between 2002 and 2021, includ-
ing nine cohort studies [19, 22, 26, 41, 42, 44, 46, 49,
50], nine case-control studies [18, 23-25, 27, 29, 43, 45,
47], and five cross-sectional studies [28, 48, 51-53]. All
studies were carried out in developed countries, and
mainly concentrated in Europe. The ASD and ADHD
cases were mainly diagnosed according to International
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@ PubMed (n = 2,631)

@ EMBASE (n = 3,873)

(3 Web of Science (n = 2,660)
@ PsycINFO (n = 1,155)

Articles identified through database searching (n = 10,319)

Identification

—— | Excluded duplicates by endnote (n = 3,656)

v

Potentially relevant articles for retrieval (n = 6,663)

v

Excluded by screening of titles and abstracts (n = 6,507)
(D Experimental studies, letters, abstracts, or review
articles (n = 1,944)
@ Irrelevant studies (n = 4,563)

h 4

Articles retrieved for more detailed evaluation (n = 156)

h 4

Eligibility

Excluded after full-text review (n = 137)

(@ No risk estimate for ASD or ADHD (n = 106)
(@ No symptom score comparison (n = 27)
@ Duplicate study population (n = 4)

h 4

‘ Potentially appropriate articles to be included (n = 19) ‘

V3

Manual search for related sources and related articles'
reference lists (n = 4)

h 4

‘ Studies included in meta-analysis (n = 23)

|

disorder; ASD, autism spectrum disorder

Fig. 1 Flowchart of study selection in the current systematic review and meta-analysis. Abbreviations: ADHD, attention-deficit/hyperactivity

Classification of Diseases, 10th Edition (ICD-10) or the
Diagnostic and Statistical Manual of Mental Disorders, 4th
Edition (DSM-IV). Comparative SDQ studies screening
ADHD-related problems were included as supplementary
analysis. The NOS score of included studies were relatively
high (20/23 reached 7 score), suggesting the high quality
of this study (Supplementary Tables 3 and 4). Based on
GRADE guidance, the certainty of evidence was very low.

Autism spectrum disorder among migrant children

13 studies involving 6,532,546 participants reported the
association between migration status and risk of ASD.
Compared to non-migrant children, the pooled OR for
ASD among migrant children was 1.32 (95% CI: 1.07—
1.63, P=0.010, Table 2 and Fig. 2) with a high hetero-
geneity (I*=287.6%, P<0.001).

Subgroup analyses indicated that migrant children were
more likely to develop ASD with comorbid intellectual
disability (pooled OR: 1.21, P for interaction = 0.006).
Stratified by parental country of birth, migrant
children with a foreign-born mother had a sig-
nificant increased risk of ASD (pooled OR: 1.49;
95% CI: 1.19-1.87), but no significant result was
observed among migrant children with foreign-
born father or both parents foreign-born (P for Z test
>0.05). Migrant children moving from Africa and
Americas were at significantly increased risk of
ASD (pooled OR were 2.72 and 4.13, P for inter-
action=0.016). No significant interaction was
observed when stratified by diagnostic subgroup
or NOS score (P for interaction were 0.583 and
0.739).



Page 5 of 16

(2022) 22:395

Gao et al. BMC Psychiatry

191197
pue (pasinvy) 15|
ERlVEIIEATIR[leIENY
-UON UawoQ-siapl
-1ug ‘aduabi|P1u| Jo

9|edS Alewlid pue
|00YDs3id J3|SYIIN
‘usipjiy> 1o}

3]s 25UabI|2IU|
JETHVRETY RS UET
-$s955€ DlISoubelp

J0U 10 AYjigesip
[en123][23ul piq

2d0oing ula1sap
adoin3 ulayinos
adoin3 ulsises
adoin3 ulayuoN
uelsy JayiQ

BISY UI91SIMN
eISY UISYIN0S
ueaqqued
/edlRWY une’
eJLISWY UISYLION
uedlyy 19410
edllyy Ulaises
DLy UISYHON

Yuig Jo

S¥0'0 [jonuoD

Apnis |0U0D

[vel (100)

] 40 paJNIdNIS  -I0WO0d QSY ‘S UIpams A1UNod |e1ualed 816¢ 19580 -95e2 Pa1saN Uspams  ‘|e 19 uossnubeyy
"eLISIID $96'89 :|01IU0D
b1aq)|io pue ‘ol SWIOIPUAS 5,196 yHIg Jo (1ob13dsy) €6 (1 (1102)
/ 4O -ADI'AIPUB(IFNSG  -iadsy Jo wisiny - Anunod jeussiely  (Wsiine) /G5 |0JIU0D-358D) uspams ‘|e 39 pun|bey
219YMas|3
elsy
ueaqqued FEN)
eV 857 :yHomspuepy
adoin3 aYI0 Yyuiq S95ED [ov] (0L07)
L qd 0L-adl asv M Jouoibai jeussiey LE1Yequie Hoyod N 839 Us9)
yuiq jo G89'G8:|011U0D [S¥] (8000)
9 40 AFWSQA 1apios|p dnsiany - Anunood jeulaiepy 781 958D |0J3U0D-358D) elelsny ‘|B 39 SWIBI|[IM
diysuazinid O£/ |oluod (€] (9000)
/ 4O  01-aDlpueg-adl wisiine ajiaueyul - ubla10j Yyum Jualed €/ 958D |0J1U0D-958D) slewuag e 18 binquiiey
adoing apIsinQ
(rewuaQ
1dadxa) adoing
wsnine [edidAie 1o pue ejaeUIPUEDS yuiq Jo %] (5002)
6 vy 0l-gDl  wshne pooyp|iyd yewusg  Aunod [eulslepy $99'€Y6 1104y0D syewuag [B 19 UsIINET
edlaWy
yioN pue adoing
3PISINO edUWY
UHON pue adoing yuiq jo 0r0C ;|onuc) |01IU0D [€¥] (002)
/ o) 6-aDI wisiane aj1aueyul JIPION  AIUNod [euldley 80t :958) -95e2 Pa1saN uspams ‘e 39 UBWIINH
1BY10
0JIXaN
91e1s ‘SN /Y10 yuiq jo [¢¥] (¢002)
6 dd Al PUB Y-[I-NSa wsiny elLIOjle)  AUNoDd eusaley 90¢'LSS'e Hoyod SN 839 Us01D
asv joisiy
JusWISSasse Anunod> uoneibiw jo adAy
91030S SON J03edIpUl 10943 awodInQ awodnQ 4o eale |eulblQ pue uomuyag  sjyuedpiyied ‘oN ubisaqg Anuno) (1eak) Joyine sii4

SoIPN1s papn|dUl 9yl JO SOISlia1deiey ) L d|qelL



Page 6 of 16

(2022) 22:395

Gao et al. BMC Psychiatry

dd

dd

d0

d0

"(43@D) Moday
uolen|eay ucwC\_Qo

-[°AS@ 3usID Sdd
ay3 uo pariodai se

WD-6-ADI
pue y-Al -WSd

AI-WSd

paseq uonsaND

01-adl pue 6-adl

Ainge

-SIp [BN1D3| 23Ul
PIQIOWOD ISPIOSIP
oSNy pue
Japlosip onsiny

uI0g-ub|a104
wog-s’n

sall)

-unod padojarag
1BY10

S9l[IUY yaInd
pue aweung
0J20I0\N

An|
S9113UNOd
puidojensg
HNEPENEN
uaIppiyo
JuRIBIWWI 1BYIO
uaIppiyo
eIBIWWI URISY
uaIppiyo
JueIBILIWI ORI
JluedsiH-UON
usIppiyo
JuRIBIWIW] SHYM
Jjueds|H-UoN
ualpiyd ueib
-lwwi djuedsiy
ua1ppiyo

SUYM DluedsiH
-Uou WIog-5'N

eIsy
se39Ip

-PIW 21y YLON
el Ueleyes-gng
RIAR|SODNA

JaWoy pue uolun
191A0G J2ULIO4
S9LIIUNOD UISISIAN
ysiuul4

(SONaad)
paynads asimi
-U30 10N Joplosid
|eruswdoleasg
JNISBAIRd pue
SWOIPUAS 19D
-1adsy 1apIosip
onsiine ‘gsy

aHav ‘asv

wsiiny

Yuig Jo
\AbCDOu |elusied

yuiqg jo
A13UNod |eulaled

(SN oY1 opIsino
ui0q) syualed
JuRIBIWWI Y30q IO
SUO Yum uaipiyd

yHiq jo
A11Unod |elualey

¥5€'929'L

€56'901

[434 13

GLGP |0RU0D
cellesed

11040>

1104yoD

|PUOI1D95-SS01D

Apnis [013U0D
-95e2 PAIsaN

6] (7100)
SN REREYIIERES|

[cal (€100
SPUBIBYISN | 13 UDA ISP UeA

[8¥] (£107)
SN ‘e 18 ybuis

(81]
puejuly  (€107) 819 YT

9103s SON

Jojesipul 19y3

JusWISSasse
awodInQ

A1uno>

awodonQ  Jo ease jeulbuQ

uoneibiw jo adAy
pue uonuyag

syuedpniied ‘oN

ubisaqg

Anuno) (Jeak) Joyine 1sii4

(panunuod) L ajqey



Page 7 of 16

(2022) 22:395

Gao et al. BMC Psychiatry

diysusznid pueal| (051 (6102)
40 0as AunioeladAy - INoyum usIpiiyd 8958 1oyod puejal| [e3919110D
eOLIBWY UneT
elsy 1seg 9|p
-PIN 821V YLION
eD1lyy UeJeyes-gng ‘sioveads
eIARISODNA  YSIUUI4 9A[RU JOU
Jawloj pue uojun pue peolge uioq
19110 12ULIOH 2I9M OYM 350U}
S9LIIUNOD UISISIAN Se pauyap alom 2 1'6€ 1|0IuoD ApNis |011U0D 67]
40 01-aDIpue6-aDl aHav puejul4  syuased Juesbiuw] 60101 5D 95D PAlseN puelul4  (9107) e 12 1Yy
daHav fen Aioxsly uonelbiw (87
4O AFWSAPpueoL-ddl  -uslod pue gHay - Yum uipiiyo Lov'/L [PUOID9S-SS0ID uews9  (8007) ‘[e 1 SsNH
aHav jo sy
SolIIUNOD
aWodUI-ybIy
oy sisyiou
ulog-ubaio
S91J1UNOD SWODUL
-3|pplw-iaddn
oy sisyiou
ulog-ubaio
S91J1UNOD SWODUL
-9|PPIW-IaMO|
oy sisyiou
ulog-ublaio
S91J1UNOD SWODUL
-MO| WOJJ SIayiow
Aujiqe ulog-ubaio
-SIp [enio9| 91Ul siayiow yuiq jo [L1¥] (6100)
dd IN - Inoylm/yim asy ulog-ueljensny  Anunod jeussley ¥90'59/ uoyod elleasny ‘el Iye|npgy
Juswissasse Anunod> uoneibiw jo adAy
1o1edipul 1593 awodIno awodonQ  Jo ease jeulbuQ pueuoniuyag  syuedniied ‘oN ubisaqg Anuno) (Jeak) Joyine 1sii4

(panunuod) L ajqey



Page 8 of 16

(2022) 22:395

Gao et al. BMC Psychiatry

0
Ayjeuoneu ayi si
1eYM, uonsanb
3y} 0} ]amsue
ue se uondo

V4|

Jaubraioy, ays 0€8:|0luoc) (£107) e 10 Z9p
/ (as) uesy 0as 24025 AAndeladAH - 950y2 s123(gns ay | Gl 1358 |0J1U02-358D) uleds  -UeUJI4-0OSUOY
uolsion yuiq jo [97] (8000)
9 (@s) uesy 10dal-|9s DJS  2103s AlADRISAAH - A11UNod |e1ualed SSHT 1oyod AemioN ‘|e 32 unjebeg
(AuewIaD) a3 apIs
-1NO Ulog) syuaied
JueIBILWI Y30 1O 09¥'C1 jonuo) [¢S] (8000)
/ (gS) uesy  uoIsIaAJURled DS 21035 AVAIDRISAAH —  3U0 Yum uaIpjiyd 6YE7 :958D) [PUOI195-5501)) uewan ‘|e 12 buljjoH
S1UD
-s9jope 1ueIbIN
UOISIDA S1udS3|ope /09 :|0uoD [s21 (£002)
/ (as) uesy 10dal-19s OJS  2103S AlAORISdAH JuRIDIW-UON sn1els JuelbIpy 6171 958D |0J1U0D-358D) wnibjag ‘e 39 uAnpiag
UOISIDA ulog uba104 uloq €71 :jonuod [1S] (#002)
9 (@s) uesy podalas Das 21035 AjanoeisdAH ulog-3n ubaio) ualpiyd 907 958D [PUOI1D95-5501)) NN ‘|8 39 Aonea
(0@s) a103s aAndeIdAH
ueaqqued ayx
pue edpswy une
eJ1SWY YLON
el Ueleyes-gng
€21V YLON
pueise3 s|ppIN
eISY UINOS-|e1jusd)
oyloed sjuaied uiog
dyipueelsy1se3  -UbIaioj yum usp
2doiN3 YINog  -aMG UJ UIOQ 2IM
pue ‘|eiud) 1S9 ualp|iyd 3ueibiw
2doing ulaise]  UO[IRIUSD-PUOIIS
SOLIUNOD UBIA  ‘pIOCe UJOg 91am
-euipuess Isyio uaJp|Iy2 Juelbiw 6L](1z00)
6 dH  0L-ADIpPue A-NSa aHav puejuly uonelauab-isig 9/6'(0L'C Hoyod Uspams ‘8321|0050
JuswiIssasse Anunod> uoneibiw jo adAy
2102S SON 401edIpul 19943 awodIno awodonQ  Jo ease jeulbuQ pueuoniuyag  syuedinied ‘oN ubisaqg Anuno) (Jeak) Joyine 1sii4

(panunuod) L ajqey



Page 9 of 16

(2022) 22:395

Gao et al. BMC Psychiatry

211eUUO1ISANY SBIHNdLYIJ Pue sYIbuans DS ‘UOIIBIASP PIEPURIS (S ‘Ol1e] YSIY Y ‘011 SPPO YO ‘10dal JON YN ‘3[edS eMRIIO—3|3SEIMIN SON ‘s95easid JO UolIedyisse|d)
|euoileulalu| gD ‘ol3es plezeH YH ‘sISPIOSI [eIUS|A JO [BnUB [eD1ISIIRIS pue diIsoubelq /S ‘|eAISIul 9DUSPYUOD) (D USPIOSIP WNJIdRdS WisiINy dSy 49piosip ANAideIadAy/10yap-uonusny gHay :sUolpiAaIqqy

(uibyo uead
-0Jn3-uou) uon
-BI3Uab-puUOIag
(uiblo ueadoling
-uou) syueibjuw
uonesausb-isii4
(uibuo
ueadoing) uone
-1ausb-puodag
(ubro uead
-0Jn3) syueibiw

UOISIoA COZm‘_wchLmLI

sjualed uioq
-ubI210} YUm uloq
A][BD11SSUIOP SI9M
ua1p|iyd uelbiw
uoprIaUab-pu0das
‘pJeoge uIog a19m
uaJp|Iyd Jueibiw
uonesauab-1sil4

8106 |0nUc
0061-95€D

uleds eIUSAOIS
eluewloy Ajey|
pueai| A1ebuny
Auewiao) aduely
eIUO1ST PLISNY

(5] (£10D)

[PUOIID35-S501) |2 12 UOYRDN

] (@s) uesy uodal-|9s DJs  2100S AUARDRISAAH sjuelBbIW-UON
JudWISsasse Anunod
91030S SON J01BdIpUl 10343 awodnQ awodnQ 4o eale jeulbLQ

uoneibiw jo adA)
pue uouyaq

syuedpniied ‘oN

ubisaqg Anuno) (Jeak) Joyine 1sii4

(Panuiuod) L 3|qel



Gao et al. BMC Psychiatry (2022) 22:395

Table 2 Associations between migration status and risk of ASD

Page 10 of 16

Groups No.studies No. participants Pooled ORs (95% Cls) PforZtest Heterogeneity P for interaction
(%) P
Overall migration 13 6,532,546 1.32(1.07, 1.63) 0.010 876 <0.001
Diagnostic subgroup
Autism 7 6,220,489 1.26 (1.06, 1.50) 0.010 57.0 0.030 0.583
Autism spectrum disorder 6 312,057 1.46 (0.89, 2.40) 0.133 914 <0.001
Comorbid intellectual disability 0.006
Yes 4 2,435,381 1.21(1.09, 1.35) 0.001 46 0370
No 3 809,027 0.68 (0.46,1.01) 0.057 84.0 0.002
Parental country of birth 0.514
Foreign-born mother 11 6,334,601 1.49 (1.19, 1.87) 0.001 819 <0.001
Foreign-born father 2 10,850 1.19(0.86, 1.65) 0.302 0.0 0617
Both parents foreign-born 2 49,610 1.24 (0.63, 2.43) 0.541 90.9 0.001
Migration type 2 0.016
Africa to Europe 4 50,005 2.72(1.25,5.89) 0.011 93.6 <0.001
Americas to Europe 4 50,005 4.13 (1.26, 13.50) 0.019 9.6 <0.001
Eastern Mediterranean to Europe 2 49,610 0.88 (061, 1.26) 0.489 0.0 0.867
Europe to Europe 5 993,669 1.20(0.97, 1.50) 0.097 41.7 0.143
South-East Asia to Europe 3 44,358 1.80(0.71,4.56) 0213 92.7 <0.001
Western Pacific to Europe 1 43,963 0.90 (0.60, 1.30) - - -
NOS score 0.739
<7 1 1.40 (1.00, 1.90) - - -
>7 12 1.31(1.05, 1.64) 0.017 88.0 <0.001
Influence analyses °
Minimal - 6,463,332 1.24 (1.01, 1.51) 0.036 844 <0.001
Maximal - 6,425,593 1.39(1.11,1.73) 0.004 88.3 <0.001

2The number of participants was calculated based on the total population of included studies in each group

® Influence analysis was conducted by eliminating one study at a time; excluded study by Haglund et al. [47] for minimal pooled ORs, and excluded study by van der

Ven et al. [22] for maximal pooled ORs
Abbreviations: Cl Confidence interval, NOS Newcastle-Ottawa scale, OR Odds ratio

Attention-deficit hyperactivity disorder among migrant
children
Five studies involving 2,875,070 participants reported the
association between migration status and risk of ADHD.
The pooled OR for overall migration was 0.84 (95% CI:
0.53-1.32, P=0.452, Table 3 and Fig. 3) with a high
heterogeneity (I>=70.2%, P=0.009). Comparing SDQ
hyperactivity score between migrant children and non-
migrant control, supplementary meta-analysis indicated
there was no significant difference between groups (P for
Z test=0.642, Supplementary Table 5 and Supplemen-
tary Fig. 1).

Subgroup analyses indicated that migrant children with
a foreign-born mother were at lower risk of ADHD, on
the contrary, migrant children with a foreign-born father
were at higher risk of ADHD (pooled ORs were 0.92 and
1.58, P for interaction=0.008). Stratified by migration
type, European migrant children moving from Americas
were at significantly increased risk of ADHD (pooled OR:

1.26, P for Z test <0.001). No significant interaction was
observed stratified by generation of migration and NOS
score (P for interaction were 0.726 and 0.271).

Publication bias and influence analyses

Egger’s test revealed a significant publication bias in
pooled OR of ASD (Begg’s test P=0.760; Egger’s test
P=0.011), and the funnel plot also indicated evidence of
publication bias (Supplementary Fig. 2). After imputing
five missing studies by using the trim-and-fill method,
the recalculated pooled OR did not reach statistical sig-
nificance (imputed OR: 0.98; 95% CI: 0.79-1.22; P for
Z test=0.855; Supplementary Fig. 3). Moreover, pub-
lication bias was also detected in foreign-born mother
subgroup for ASD risk (Begg’s test P=0.087; Egger’s
test P=0.020). After recalculated OR using the trim-
and-fill method, pooled OR attenuated (imputed OR:
1.11; 95% CI: 1.03-1.21; P for Z test=0.007). Influence
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Migration status and ASD
First author (year) OR (95% CI) Weight %
1
Croen et al. (2002) —H 0.85 (0.62, 1.15) 8.94
1
Hultman et al. (2002) —a 1.90 (0.71, 5.05) 325
1
Lauritsen et al. (2005) il 1.22 (0.88, 1.68) 8.73
1
Maimburg et al. (2006) —— 1.41 (0.92,2.15) 7.63
1
Williams et al. (2008) —-— 1.40 (1.02,1.93) 8.76
Keen et al. (2010, Lambeth) E - ) 4.68 (2.13,10.31) 432
1
Keen et al. (2010, Wandsworth) ! i 2.90 (1.43,5.88) 491
1
Haglund et al. (2011) ! —{ 2.20 (1.61,3.01) 8.84
1
Magnusson et al. (2012) . ! 0.90 (0.86, 0.95) 10.94
1
Lehti et al. (2013) —- 1.65 (1.29,2.12) 9.56
1
Singh et al. (2013) —u— 0.74 (0.40, 1.36) 5.74
1
van der Ven et al. —8— ! 0.72 (0.48, 1.07) 7.93
1
Becerra et al. (2014) {F 1.14 (0.99, 1.33) 10.45
Overall (I-squared = 87.6%, p = 0.000) <> 1.32(1.07, 1.63) 100.00
1
NOTE: Weights are from random effects analysis :
T
1 1317
Fig. 2 Forest plot of the association between migration status and risk of ASD. Error bars indicate 95% confidence intervals. Abbreviations: ASD,
autism spectrum disorder; Cl, confidence interval; OR, odds ratio

analyses suggested the pooled ORs of ASD were stable
after excluded each individual study (Table 2).

No significant publication bias was detected in pooled
OR of ADHD (Begg’s test P=10.806; Egger’s test =0.360;
Funnel plot was presented as Supplementary Fig. 4).
Excluded study by Cotter et al.,, [50] influence analyses
detected an significant protective effect of migration on
ADHD risk (pooled OR: 0.68; 95% CI: 0.49-0.95; P for Z
test=0.024; Table 3).

Discussion

This review provided integrated evidence about the asso-
ciation between migration status and risk of ASD and
ADHD among children, and highlighted the potential
psychosocial impact of migration on children’s mental
health. The pooled results indicated that migrant children
with foreign-born mother had an increased risk of ASD,
and migrant children were more likely develop ASD with
comorbid intellectual disability. Overall migration status
was not associated with risk of ADHD or hyperactivity
score. Based on limited evidence, subgroup analyses sug-
gested maternal or paternal migration might have differ-
ent effects on ADHD, which need further investigation.
Stratified by the origin of migrants, migrant children

from Americas were at higher risk of ASD and ADHD,
and increased ASD risk was also observed in African
migrant children. Our findings might be extrapolated to
clinical trials in ASD and ADHD, allowing us to extract
more interesting results. Additionally, the findings might
be used to understand more about these disorders and
to develop more strategies to help these children better
integrate into society and help themselves as individuals.

Including 49 studies, meta-analysis by Selten et al. [54]
found that migrants and their children were at increased
risk of developing non-affective and affective psychotic
disorder. Radua et al. [15] conducted an umbrella review
to classify the factor associated with psychotic disorders,
and indicated first generation immigrants, second gen-
eration immigrants, and North-African immigrants in
Europe were suggestive risk factors. As a general social
factor, migration background is associated with risk of
ASD and ADHD, but with a small effect. Combining new
evidence, our finding is consistent with pervious meta-
analysis which suggested maternal migration was a risk
factor for ASD [21]. Moreover, to the best of our knowl-
edge, this study is the first one to pool evidence about
migration and ADHD, and suggest migration as a poten-
tial influencing factor for ADHD.
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Table 3 Associations between migration status and risk of ADHD
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Groups No. studies No. participants Pooled ORs (95%Cls) PforZtest Heterogeneity P for interaction
%) P
Overall migration 5 2,875,070 0.84(0.53,1.32) 0452 70.2 0.009
Migration generation 0.726
1st generation 2 2,716,544 0.67 (0.22,2.06) 0.488 89.2 0.002
2nd generation 4 2,866,502 0.83(0.54, 1.28) 0.404 743 0.009
Parental country of birth 0.008
Foreign-born mother 2 2,757,509 0.92 (0.88, 0.95) <0.001 0.0 0.467
Foreign-born father 2 2,757,509 1.58(1.12,2.23) 0.009 94.5 <0.001
Both parents foreign-born 2 2,757,509 1.50 (0.16, 14.10) 0.724 989 <0.001
Migration type ? <0.001
Africa to Europe 2 2,757,509 1.81(0.30,10.94) 0516 97.3 <0.001
Americas to Europe 2 2,757,509 1.26 (1.14, 1.40) <0.001 0.0 0.642
Eastern Mediterranean to Europe 2 2,757,509 1.29 (0.37,4.50) 0.689 95.7 <0.001
Europe to Europe 2 2,757,509 1.16 (0.61, 2.20) 0.650 96.9 <0.001
South-East Asia to Europe 2 2,757,509 0.89(0.29, 2.77) 0.838 91.8 <0.001
Western Pacific to Europe 1 2,707,967 0.40 (0.27,0.61) <0.001 96.6 <0.001
NOS score 0.271
<7 1 8568 1.25(0.63,2.51) - - -
>7 4 2,866,502 0.77 (0.46,1.29) 0.320 73.0 0.011
Influence analyses °
Minimal - 2,825,537 0.68 (0.49, 0.95) 0.024 393 0.176
Maximal - 2,857,609 0.98(0.58, 1.68) 0.955 67.3 0.027

2The number of participants was calculated based on the total population of included studies in each group

® Influence analysis was conducted by eliminating one study at a time; excluded study by Cotter et al. [50] for minimal pooled ORs, and excluded study by Huss et al.

[28] for maximal pooled ORs
Abbreviations: Cl Confidence interval, NOS Newcastle-Ottawa scale, OR Odds ratio

As previous studies argued, the adverse effect of migra-
tion might associate with relative social disadvantage
[55]. Due to insufficient awareness of health care poli-
cies and care systems, and limited availability of informa-
tion across minority languages and financial resources,
migrant children may face additional challenges in
accessing health care and related services [17, 55-57].
Additionally, migrant populations have previously voiced
concerns about the social stigma within their commu-
nities [58]. Social adversity in native countries may lead
to major premigration stress, including psychological
(perceived stress) and biological stress (biological stress
responses) [59]. In addition to the severe premigra-
tion trauma, migrant children may experience ongoing
chronic stress and traumatization after migration, includ-
ing family separation, detention and parental deportation
[14]. Potential trauma associated with the migratory trip
and postmigration experience can produce a lasting epi-
genetic memory that may affect the behaviour and men-
tal health status [59-61]. In addition, the dual stress of
acculturation and parenting among migrant parents may

also be associated with these developmental disorders in
offspring [62, 63].

Nowadays, we know that ASD is a complex disorder
with the interaction of both genetic and environmental
factors [12, 64]. Maternal migration is associated with an
increased risk of offspring ASD. This may include expo-
sures related to migration status such as lower socio-
economic status, higher parenting stress, limited social
support [12, 62]. Study by Gillberg et al. [65] suggested
that migration women might not be immunized against
the common infectious agents in the country where she
gives birth, and therefore might be more susceptible to
relatively innocuous infections which might increase
the risk for ASD. Potential maternal exposure to social
stressors associated with migration can also influence the
development of ASD through epigenetic mechanisms,
such as DNA methylation affecting gene expression [59,
66]. Moreover, our results indicated that migrant chil-
dren were more likely to develop ASD comorbid intel-
lectual disability, consistent with an early study which
reported more severe intellectual impairment in migrant
ASD children than natives [3]. Known ASD risk factors
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Migration status and ADHD
First author (year) OR (95% CI) Weight %
i
Huss et al. (2008) & E 0.50 (0.32, 0.78) 23.34
Singh et al. (2013) — . 0.70 (0.50,098)  25.81
Lehti et al. (2016) i ., > 2.06 (1.01, 4.20) 17.25
Cotter et al. (2019) : & 1.25(0.62,2.51) 17.68
Osooli et al. (2021) O E 0.59(0.27, 1.28) 15.92
Overall (I-squared = 70.2%, p = 0.009) <:> 0.84(0.53,132)  100.00
NOTE: Weights are from random effects analysis :
1
T T
08 1 2.5
Fig. 3 Forest plot of the association between migration status and risk of ADHD. Error bars indicate 95% confidence intervals. Abbreviations: ADHD,
attention-deficit/hyperactivity disorder; Cl, confidence interval; OR, odds ratio

including intrauterine exposure to neurotoxin, alcohol,
cocaine and pollutants were also associated with lower
IQ scores [67]. Further confirmative studies on the role of
these exposures in the co-occurring ASD and intellectual
disability are needed.

For ADHD, substantial heterogeneity between studies
was observed, and overall migration was not associated
with ADHD or ADHD symptoms. Stratified by parental
country of birth, we found that maternal and paternal
migration might differ in specific effect on develop-
ing ADHD. In patriarchal societies (i.e., societies gov-
erned/run by men), social position is most of the time
occupied by men compared to women, and socioeco-
nomic precarity with its relevant social representation
is usually transmitted through the paternal line [68].
Moreover, animal studies have linked sex-biased neu-
rodevelopmental disorders with prenatal stress and
traumatic experiences in early life [60, 69, 70]. Evi-
dence supports the existence of a sensitive period of
early gestation when epigenetic programming of the
male germline may occur, permitting specific pheno-
types to be transmitted to subsequent generations [60].
Early stress alters the profile of DNA methylation in the
promoter of several candidate genes in the germline of
male mice, and these alternations are also present in
the brain of the offspring and correlated with changes
in gene expression [69]. Traumatic stress in early life
alters microRNAs (miRNAs) expression in the sperm of

male mice [70, 71]. Injection of sperm RNAs from these
males into fertilized wild-type oocytes can reproduce
the trauma-related alterations in the resulting progeny
[70, 71]. Overall, gene-environment interactions may
contribute to disease inheritance across generations.

Subgroup analyses indicated that migrant children
from different origin may face different disease risks.
Consistent with the study by Shenouda et al. [72] which
identified significant variations in ASD prevalence by
race/ethnicity, and socioeconomic status. Race/ethnic-
ity can be described as differences in nationality, culture,
religion, biological factor or language [58]. Premigration
sociodemographic factors may influence the associa-
tions between migration and these diseases, for instance,
migrant children with lower premigration socioeconomic
status are at increased risk of ASD. Our finding further
confirmed the potential interaction between sociode-
mographic factors and the development of such men-
tal disorders, and highlighted the importance of related
research in future.

Migration status was assessed across multiple stud-
ies which achieved relatively strong statistical power
detecting underlying associations; however, significant
publication bias and high heterogeneity between stud-
ies were observed. Given the limitations of included
studies themselves, we were unable to comprehensively
assess potential factors that might influence these asso-
ciations (e.g., migration generation). Therefore, the
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irrelevant relationships we found should be interpreted
with caution and further validation is required. Other
limitations of present study should also be taken into
consideration. First, all eligible studies were conducted
in high-income countries. Although most migrants
originate from low-income or middle-income countries
and relocate in search of employment opportunities
[2], there are some individuals migrate to these coun-
tries as well. It’s necessary for future study evaluating
the impact of migration between developing countries,
as well as migration from developed to developing
countries. Second, migration occurs globally but varies
between regions which contributes to the heterogeneity
between studies. Our results found a significant inter-
action between the origin of migrants and associations
between migration status and risk of ASD and ADHD,
underlining the importance of a detailed breakdown
of origin. Third, the results differ across studies due
to differences in definition of migrant children, dif-
ferent modelling approaches, and adjustment for dif-
ferent confounding factors. Hence, we performed risk
estimates based on overall migration to obtain more
objective assessment of the impact of migration status
on ASD and ADHD. Fourth, recent studies have high-
lighted the importance of maternal or paternal back-
ground on diagnosis of such disorder [19, 23, 29]. Our
study emphasizes the trend of related research and the
need to investigate underlying mechanisms in human
sample. Finally, subtle differences in diagnostic criteria
of ASD or ADHD between studies was not well evalu-
ated, which might have contributed to the variation
in pooled estimates. With the increasement of studies
in the future, there may be more discoveries through
stratifying by refined diagnosis.

Conclusions

Migration status had potential effect on two genetic
correlated childhood-onset mental disorders. Com-
paring to non-migration status, maternal migration
was associated with increased risk of offspring ASD.
Migrant children were more susceptible to ASD with
comorbid intellectual disability. Although overall
migration was not associated with the risk of ADHD or
hyperactive score, we observed a significant different
effect of maternal and paternal migration on ADHD.
Given to the children in such position might suffer
social injustice and unbalanced medical resources,
health care practitioners should consider screening and
providing extra resources for migrant children, espe-
cially those from Americas.
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