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Abstract
Objective: To investigate whether parental migration, parental region of origin, tim-
ing of child's birth in relation to maternal migration and parental reason for migration 
are associated with intellectual disability (ID) with and without autism.
Methods: We used a register- based cohort of all individuals aged 0– 17  years in 
Stockholm County during 2001– 2011. General estimating equation logistic model 
and additionally sibling comparison were used to calculate odds ratios (ORs) and 95% 
confidence intervals (CIs). The models were adjusted for child's sex and birth year 
and parental age at child's birth, and additionally for migrant- specific variables in the 
analyses including only children with migrant parent(s).
Results: Within the eligible sample of 670,098 individuals, 3781 (0.6%) had ID 
with autism, and 5076 (0.8%) had ID without autism. Compared with children with 
Swedish- born parents, children with both parents born abroad had an increased risk of 
ID with autism (OR = 1.6, CI 1.5– 1.8) and ID without autism (OR = 1.9, CI 1.7– 2.0). 
Among these children with both parents born abroad, it was protective of ID with 
autism when the child's birth occurred before and later than four years after maternal 
migration, which was replicated in the sibling comparison. The associations with both 
conditions were more pronounced with parental origin in regions comprising low-  
and middle- income countries and with reasons other than work or study.
Conclusions: Parental migration is associated with ID regardless of co- occurrence 
of autism. Our results indicate an association between environmental factors during 
pregnancy related to migration and offspring ID with autism, although further con-
firmative studies are needed.
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1 |  INTRODUCTION

Parental migration has been recognized as a potential fac-
tor associated with autism spectrum disorders (henceforth 
autism) since the 1980s.1,2 Recent studies considering co- 
occurrence of intellectual disability (ID) have shown that 
children with migrant parents have an increased risk of being 
diagnosed with autism with ID, but a decreased risk of au-
tism without ID.3– 5 This observation may hypothetically 
suggest that there is a relationship between parental migra-
tion and ID or cognitive impairment rather than the autism. 
However, the link between parental migration and ID is not 
well examined.6– 8 It is important to study whether parental 
migration is specifically associated with autism with ID (ie, 
ID with autism), ID without autism or both conditions, be-
cause it may lead to improved understanding about whether 
the underlying aetiological pathways for these conditions are 
distinct.

Furthermore, underlying factors explaining the associa-
tion of ID with autism in children of migrant parents are un-
known. The aetiology of ID and autism is complex and only 
partly understood, although studies have shown an impor-
tance of inherited genetic influences, environmental factors 
and gene- environment interactions in their aetiology.9– 11 As 
causal explanations of the association between migration and 
ID with autism, environmental factors acting in pregnancy, 
genetic factors and selective migration of people with genetic 
vulnerability to autism have been hypothesized.3,4,12– 15 To 
explore these hypotheses, indirect evidence from epidemi-
ological data is important but currently lacking. Firstly, the 
association between different parental migration statuses and 
ID with autism is not well examined. Children having both 
migrant parents may have been exposed to different factors 
than those with one migrant parent. In addition, examin-
ing children's exposure to maternal and paternal migration 
separately may give hints on whether environmental factors 
acting in utero or early in life are associated with the condi-
tions. Secondly, it is not known how parental region of ori-
gin is associated with ID with autism, although such origins 
may be linked to various exposures. Findings from previous 
studies, although inconsistent, have suggested a more pro-
nounced risk with parental origins from low- income coun-
tries.3,4,7,12,14 Thirdly, it has not been examined how timing 
of child's birth in relation to maternal migration is associated 
with ID with autism. Studying the association might lead to 
finding a clue on whether exposure to any specific maternal 
migration phase (eg pre- migration, travel and post- migration 
phase) during different putative vulnerable periods in life, for 
example in utero, is associated with the conditions. Fourthly, 
it is not known whether parental reasons for migration are 
associated with ID with autism. The reasons for migration, 
such as a migration for work or study, versus being a refugee, 
or to join a family member entail different circumstances, 

while differential patterns in risk may give valuable infor-
mation about why parental migration is associated with neu-
rodevelopmental conditions. An improved understanding of 
the association between migration and ID with and without 
autism may provide valuable clues to modifiable causes of 
these conditions.

The Stockholm Youth Cohort (SYC) is a register- based 
total population cohort, established to explore risk factors for 
autism. Using this cohort, we have previously reported that 
children of migrant parents from low- income countries had 
an increased risk of ID with autism, and this risk increase 
was highest when maternal migration occurred around preg-
nancy.4 However, we did not examine the risk of ID without 

Significant Outcomes
• We found that parental migration is associated 

with an intellectual disability regardless of co- 
occurrence of autism, although underlying factors 
may differ between the conditions.

• Our results suggested that these associations are 
partly explained by environmental factors during 
pregnancy related to circumstances around migra-
tion for intellectual disability with autism, and 
by factors linked to parental origin in low-  and 
middle- income countries for intellectual disability 
in general, although further studies on these and 
other factors such as assessment bias and selection 
are needed.

• To reduce the burden of these conditions, recipi-
ent countries should consider policies that lead to 
increased health literacy and access to antenatal 
care in migrants.

Limitations
• There was likely non- differential misclassifica-

tion in the date of maternal migration, especially 
among refugees who may have arrived as asylum 
seekers before the date a resident permit is granted, 
which may have diluted associations with timing 
of child's birth in relation to maternal migration.

• It is possible that the validity of the tools used to 
diagnose intellectual disability and autism may 
have different properties in different migrant 
groups leading to outcome misclassification.

• The possibility of selection bias because of the 
exclusion of population cannot be excluded, es-
pecially in the analysis for the parental reason for 
migration, where 26% of the population was ex-
cluded because of a lack of data on the exposure 
variable.
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autism in relation to migration, nor whether maternal or pa-
ternal migration status mattered most or how parental reason 
for migration was linked to ID. Here, we, therefore, report 
on the details of the association between parental migration 
and risk of ID with and without autism from an updated ver-
sion of SYC including additional birth cohorts and extended 
follow- up.

1.1 | Aims of the study

Our aims were to investigate whether (i) parental migration, 
(ii) parental region of origin, (iii) timing of child's birth in 
relation to maternal migration and (iv) parental reason for 
migration are associated with ID with and without autism.

2 |  MATERIALS AND METHODS

To examine the association between parental migration and 
autism and ID, we used a large total population sample in 
Stockholm County with prospectively recorded detailed in-
formation, using logistic regression models and additionally 
a sibling- comparison design to account for confounding by 
shared genetic or environmental factors.

2.1 | Study population

The SYC included all individuals aged 0 through 17 years 
resident in Stockholm County at any time during 2001 
through 2011. The individuals were followed until the end of 
follow- up (31 December 2016), emigration or death, which-
ever occurred first. We excluded adopted children, who 
lacked information for biological parents, and children who 
resided in Sweden <4 years to ensure an enough follow- up 
time for children to get a diagnosis of the outcome. Those 
not officially granted residence in Sweden (ie asylum seekers 
and undocumented migrants) were not part of the cohort, as it 
was linked with personal identification number only held by 
those with a resident permit in Sweden. Exposure, outcome 
and covariate data were extracted through record linkage 
with a range of national and regional health and administra-
tive registers, described elsewhere.16

2.2 | Outcome and case ascertainment

We examined two outcomes separately, ID with autism and 
ID without autism. Autism case status was ascertained using 
ICD- 9 (299), ICD- 10 (all F84s) and DSM- IV (299) codes 
in national and regional registers covering all the potential 
pathways of the autism diagnosis and care in Stockholm 

County; the National Patient Register, the VAL database, and 
the Clinical Database for Child and Adolescent Psychiatry 
in Stockholm, and supplemented using the Habilitation 
Register.16 Ascertainment of ID status was based on ICD- 9 
(317– 319), ICD- 10 (F70– F79) and DSM- IV (317– 319) 
codes in the registers and supplemented with information in 
the Habilitation Register, which classifies services recipients 
as having ID or not.16 Children who ever diagnosed with ID 
before the end of follow- up were classified as ID cases, and 
these children were divided into ID with and without autism 
depending on the co- occurrence of autism, which was as-
sessed for children who ever got a diagnosis of autism. The 
overall validity of psychiatric diagnoses in Sweden is con-
sidered being high.17,18 A previous validation of autism case 
ascertainment through review of medical records found that 
96.0% and 75.6% cases were consistent with an autism diag-
nosis and an ID with autism diagnosis, respectively.16 There 
is, however, no specific validation study of ID diagnoses in 
the Swedish healthcare registers.

2.3 | Exposure variables

Our first exposure was parental migration status. Migrants 
were defined as people who were born abroad and had moved 
to and settled in Sweden. All individuals were categorized 
in four groups based on parental migration status using 
the Multi- generational Register and the Register of Total 
Population: children with both parents born in Sweden, both 
parents born abroad, mother born abroad and father born in 
Sweden and father born abroad and mother born in Sweden.

Our second exposure was parental region of origin. 
Information of region of origin was obtained from the 
Register of Total Population and classified into eight regions: 
Sweden, Other European countries, Middle East and North 
Africa, Sub- Saharan Africa, Central and South Asia, Latin 
America and the Caribbean, East Asia and Pacific and North 
America. For children with both parents born abroad, mater-
nal region of origin was used as parental region of origin if 
not missing, because maternal and paternal regions of origin 
were largely identical.

Our third exposure was timing of child's birth in rela-
tion to maternal migration, categorized as: ≥5 years before, 
0– 4 years before, in the year after, 1– 4 years after, 5– 9 years 
after, 10– 14 years after, 15– 19 years after and ≥20 years after 
maternal migration. In addition, we made subgroups of mi-
grants’ children based on timing of child's birth in relation 
to maternal migration, categorized as children born abroad 
before maternal migration and those born in Sweden after 
maternal migration. The date for maternal migration, ob-
tained from the Register of Total Population, was based on 
the date of registration with the Swedish Tax Agency, which 
all migrants with a residence permit at migration get shortly 
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after arriving in Sweden. However, some migrant groups, 
such as asylum seekers, get a residence permit after having 
been granted asylum and are hence registered at a later stage. 
We compared the date of registration with the Swedish Tax 
Agency with self- reports of migration date collected by the 
Swedish Migration Agency when migrants apply for a resi-
dence permit in Sweden (Table S1). Based on these analyses, 
we assigned refugees (except for quota refugees) and people 
who got a residence permit for humanitarian reasons an ad-
justed migration date corresponding to a date one year before 
the registration with the Swedish Tax Agency.

Our fourth exposure was parental reason for migration to 
Sweden, categorized as following according to the Swedish 
Migration Agency's definition based on Swedish and interna-
tional conventions: refugee, family reunion of refugee, other 
family reunion, humanitarian reason, work and study and 
other reason. The data were obtained via Statistics Sweden's 
Longitudinal database for studies of the immigrants’ integra-
tion (STATIV by Swedish acronym)19 and assigned accord-
ing to the reason of the father to reflect familial reason for 
migration.

2.4 | Other covariates

A child's sex and birth year were obtained from the Register 
of Total Population. Birth year was categorized as follows: 
1984– 1990, 1991– 1997, 1998– 2004 and 2005– 2011. Data 
on first- degree biological relatives and their date of birth 
were identified from the Multi- generation Register. Maternal 
and paternal age at child's birth were both parameterized as 
follows: <25, 25– 29, 30– 34, 35– 39 and ≥40 years.

2.5 | Data analysis

All analyses were conducted in SAS version 9.4. To derive 
robust standard errors, accounting for clustering of children 
born to the same mother, we calculated odds ratios (ORs) 
and two- sided 95% confidence intervals (CIs) from general 
estimating equation logistic models. We conducted several 
analyses.

Firstly, we analysed parental migration status and parental 
region of origin among all included children, using children 
with both parents born in Sweden as the reference. Models 
were adjusted for possible confounders including child's sex 
and birth year and maternal and paternal age at child's birth. 
Furthermore, an additional analysis was conducted to com-
pare children with a mother born abroad and a father born in 
Sweden with children with a father born abroad and a mother 
born in Sweden. Including only children with migrant back-
ground in the analysis enabled to additionally adjust for po-
tential confounders that are migrant- specific variables such 

as parental region of origin and timing of child's birth in rela-
tion to maternal migration.

Secondly, we examined timing of child's birth in relation 
to maternal migration among only children with both parents 
born abroad. We used children born in the year after maternal 
migration as the reference because this group seemed special 
according to our previous study.4 The model was also addi-
tionally adjusted for parental region of origin. Furthermore, 
we conducted an additional analysis to compare migrants’ 
children born abroad before maternal migration and those 
born in Sweden after maternal migration with children with 
both parents born in Sweden. As this analysis included chil-
dren with both parents born in Sweden, we could not adjust 
for parental region of origin, but only other factors that are 
not migrant- specific.

Thirdly, we investigated paternal reason for migration 
among only children with both parents born abroad, addi-
tionally adjusting for parental region of origin and timing of 
child's birth in relation to maternal migration. We used chil-
dren with refugee parents as the reference, considering that 
refugees migrated under particularly arduous circumstances 
and may be exposed to more detrimental migration- related 
factors compared with other migrants.20

2.6 | Sibling analysis

We examined timing of child's birth in relation to maternal 
migration using sibling comparisons in order to explore the 
potential residual confounding by shared familial factors.21 
We used conditional logistic regression models, matched on 
maternal identification number and adjusted for non- shared 
confounding characteristics including child's sex and birth 
year and maternal and paternal age at child's birth.

3 |  RESULTS

In the total study population of 736,180 individuals in the 
SYC, we excluded adopted children (n  =  7895), children 
who resided <4 years in Sweden (n = 29,779) and children 
without data on parental age and/or parental region of ori-
gin (n = 28,408), leaving 670,098 individuals for analysis, 
including 3781 individuals (0.6%) with ID with autism and 
5076 individuals (0.8%) with ID without autism (Figure S1). 
The largest category was children with both parents born 
in Sweden (n = 420,905), followed by the group with both 
parents born abroad (n = 143,514), father born abroad and 
mother born in Sweden (n = 55,984) and mother born abroad 
and father born in Sweden (n = 49,695). There were some 
differences in characteristics between these groups (Table 1). 
Maternal age at birth was lower among children with both 
parents born abroad. In these children, 43% had parents 
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originating from the Middle East and North Africa, while 
55% and 52% of children with one parent born in Sweden and 
a mother or a father, respectively, born abroad had parental 
origins in other European countries. Furthermore, almost a 
third of mothers or fathers of children with one parent born 
abroad migrated more than 20 years before the child's birth, 
in contrast to 6% in mothers of children with both parents 
born abroad. A list of most frequent countries of parental 
former citizenship comprising each region in this study is 
summarized in Table S2. In addition, characteristics of the 
excluded population are reviewed in Table S3.

Figure 1 and Table 2 shows the ORs for ID with and with-
out autism in relation to parental migration status and pa-
rental region of origin, as compared with children with both 
parents born in Sweden. Children with both parents born 
abroad had an increased risk of ID with autism (OR = 1.6, 
CI 1.5– 1.8) and ID without autism (OR = 1.9, CI 1.7– 2.0; 
Figure 1). The associations were similar between ID with and 
without autism for each region of parental origin, with more 
pronounced associations for parental origins in the Middle 
East, North Africa, Sub- Saharan Africa, Central and South 

Asia and Latin America. Among children with one parent 
born abroad and one parent born in Sweden, there was an 
association for ID with autism regardless of whether the fa-
ther or mother was born abroad (OR = 1.4, CI 1.2– 1.5 and 
OR = 1.3, CI 1.1– 1.5, respectively; Table 2). However, for 
ID without autism, paternal, but not maternal, migration was 
associated with an increased risk (OR = 1.3, CI 1.2– 1.5 and 
OR = 1.0, CI 0.9– 1.2, respectively). The associations were 
pronounced with parental origin in the Middle East, North 
Africa and Sub- Sahara Africa. In the additional analysis in-
cluding only children of migrant parents, those with a mother 
born abroad and a father born in Sweden had an unchanged 
risk of ID with autism (OR = 1.0, CI 0.9– 1.2) and a decreased 
risk of ID without autism (OR = 0.8, CI 0.7– 0.9) compared 
with children with a father born abroad and a mother born 
in Sweden, adjusted by child's sex and birth year, maternal 
and paternal age at child's birth, parental region of origin and 
timing of child's birth in relation to maternal migration.

Timing of child's birth in relation to maternal migration 
was examined among 143,373 individuals with both parents 
born abroad after excluding children without data on date for 

F I G U R E  1  Adjusted odds ratioa for intellectual disability with and without autism in children with both parents born abroad as compared with 
children with both parents born in Sweden, in relation to parental region of origin. a. Adjusted for sex, birth year, and maternal and paternal age at 
child's birth. CI, confidence interval; ID, intellectual disability
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maternal migration (n = 141; Figure S1). The results showed 
a non- linear relationship between timing of child's birth in re-
lation to maternal migration and ID with autism, such that the 
risk seemed to reduce when the child's birth occurred before 
maternal migration and later than four years after maternal 
migration (Figure  2). Especially, children born earlier than 
four years before maternal migration had a 70% lower risk 
of ID with autism (OR  =  0.3, CI 0.2– 0.4) compared with 
children born in the year after maternal migration. No such 
pattern was observed for ID without autism. In the additional 
analysis comparing with children with Swedish- born parents, 
migrants’ children born abroad before maternal migration 
had an increased risk of ID without autism (OR = 1.6, CI 
1.4– 1.8), but not of ID with autism (OR = 0.8, CI 0.7– 1.0), 
while migrants’ children born in Sweden after maternal mi-
gration had increased risks of both ID with autism (OR = 1.9, 
CI 1.7– 2.0) and ID without autism (OR = 2.0, CI 1.8– 2.1), 
adjusted for child's sex and birth year and maternal and pater-
nal age at child's birth (Figure S2).

Furthermore, we conducted sibling analyses using a cohort 
of 861 individuals with ID with autism and 1547 unaffected 
siblings and a cohort of 1341 individuals with ID without au-
tism and 2679 unaffected siblings, after excluding individuals 

without siblings (n = 31,029) and children in families without 
a child having ID with autism (n = 109,936) or ID without 
autism (n = 108,324; Figure S1). The matched sibling analyses 
broadly showed similar results as the one in Figure 2, although 
the confidence intervals were wider because of smaller sample 
sizes (Table S4). However, children born after maternal migra-
tion had a seemingly reduced risk of ID without autism com-
pared with children born in the year of maternal migration, 
similar to the association with ID with autism.

In the sample of children where both parents were born 
abroad and data on parental reason for migration was avail-
able (n = 106,159), we found that children whose parents had 
migrated for the purpose of working or studying in Sweden 
had lower risks of ID with autism (OR = 0.7, CI 0.5– 0.9) and 
ID without autism (OR  =  0.6, CI 0.4– 0.8) compared with 
children with refugee parents (Table 3).

4 |  DISCUSSION

We investigated the role of (i) parental migration, (ii) parental 
region of origin, (iii) timing of child's birth in relation to ma-
ternal migration and (iv) parental reason for migration with 

T A B L E  2  Adjusted odds ratio for intellectual disability with and without autism in children with a parent born abroad and a parent born in 
Sweden as compared with children with both parents born in Sweden, in relation to parental region of origin

Number at risk

ID with autism ID without autism

Number of 
cases ORa  (95% CI)

Number 
of cases ORa  (95% CI)

Swedish- born parents 420,905 1981 1.0 2606 1.0

Mother born abroad and father born in Sweden 49,695 300 1.3 (1.1– 1.5) 299 1.0 (0.9– 1.2)

Maternal region of birth

Other European countries 27,386 179 1.3 (1.1– 1.6) 161 0.9 (0.8– 1.1)

Middle East and North Africa 3558 19 1.4 (0.9– 2.1) 31 1.7 (1.2– 2.6)

Sub- Saharan Africa 1806 11 1.4 (0.7– 2.5) 14 1.4 (0.8– 2.4)

Central and South Asia 1269 6 1.2 (0.6– 2.8) 6 0.9 (0.4– 2.1)

Latin America and the Caribbean 5515 37 1.5 (1.1– 2.1) 32 1.0 (0.7– 1.5)

East Asia and Pacific 8079 36 1.0 (0.7– 1.4) 44 1.0 (0.7– 1.4)

North America 2082 12 1.2 (0.7– 2.1) 11 0.9 (0.5– 1.8)

Father born abroad and mother born in Sweden 55,984 357 1.4 (1.2– 1.5) 460 1.3 (1.2– 1.5)

Paternal region of birth

Other European countries 28,997 166 1.2 (1.0– 1.4) 227 1.2 (1.1– 1.4)

Middle East and North Africa 10,617 90 1.9 (1.5– 2.4) 120 1.9 (1.6– 2.3)

Sub- Saharan Africa 3322 26 1.8 (1.2– 2.6) 32 1.7 (1.2– 2.4)

Central and South Asia 1074 6 1.3 (0.6– 2.9) 9 1.5 (0.8– 2.9)

Latin America and the Caribbean 6853 40 1.3 (0.9– 1.8) 43 1.0 (0.8– 1.4)

East Asia and Pacific 2289 7 0.7 (0.3– 1.5) 16 1.3 (0.8– 2.1)

North America 2832 22 1.6 (1.05– 2.5) 13 0.8 (0.4– 1.3)

Abbreviations: OR, odds ratio; CI, confidence interval; ID, intellectual disability.
aAdjusted for sex, birth year and maternal and paternal age at child's birth.
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offspring risks of ID with and without autism in a large total 
population sample. We found that children with both migrant 
parents had increased risk of both ID with and without autism 

compared with children with Swedish- born parents. Among 
these children with both migrant parents, it was protective of 
ID with autism, but not of ID without autism, when the child's 

F I G U R E  2  Adjusted odds ratioa,b for intellectual disability with and without autism among children with both parents born abroad, by timing of 
child's birth in relation to maternal migration. a. Adjusted for sex, birth year, maternal and paternal age at child's birth and parental region of origin. b. 
Reference group is children born in the year after maternal migration. CI, confidence interval; ID, intellectual disability; OR, odds ratio; y, years

ID with autism
Timing of child’s birth Numbe

r at risk
Number 
of cases 

OR (95% CI)

>=5 years before migration 17,979 58 0.3 (0.2-0.4)
0–4 years before migration 16,782 116 0.7 (0.5-0.8)
in the year after migration 12,816 135 1.0
1–4 years after migration 35,657 348 0.9 (0.8-1.1)
5–9 years after migration 27,229 230 0.8 (0.6-0.9)
10–14 years after migration 15,520 134 0.8 (0.6-0.97)
15–19 years after migration 9,280 70 0.7 (0.5-0.9)
>=20 years after migration 8,110 52 0.7 (0.5-0.9)

ID without autism
Timing of child’s birth Numbe

r at risk
Number 
of cases 

OR (95% CI)

>=5 years before migration 17,979 241 0.9 (0.7-1.1)
0–4 years before migration 16,782 190 0.9 (0.7-1.2)
in the year after migration 12,816 152 1.0
1–4 years after migration 35,657 403 0.9 (0.8-1.1)
5–9 years after migration 27,229 316 0.9 (0.7-1.1)
10–14 years after migration 15,520 197 1.0 (0.8-1.2)
15–19 years after migration 9,280 122 1.1 (0.9-1.4)
>=20 years after migration 8,110 87 1.1 (0.8-1.4)

0.1

0.2

0.4

0.8

1.6

O
R

,9
5%

 C
I

Child's birth before/after migration

0.1

0.2

0.4

0.8

1.6

O
R

,9
5%

 C
I

Child's birth before/after migration

T A B L E  3  Odds ratio for intellectual disability with and without autism in children with both parents born abroad, by parental reason for migration

Parental reason 
for migration Number at risk

ID with autism ID without autism

Number of 
cases OR (95% CI) aORa  (95% CI)

Number 
of cases OR (95% CI) aORa  (95% CI)

Refugee 28,997 242 1.0 1.0 352 1.0 1.0

Family reunion of 
refugee

8115 68 1.0 (0.8– 1.3) 1.1 (0.8– 1.5) 114 1.2 (0.9– 1.4) 1.2 (1.0– 1.5)

Other family 
reunion

29,855 253 1.0 (0.8– 1.2) 1.1 (0.9– 1.4) 331 0.9 (0.8– 1.1) 1.2 (1.0– 1.4)

Humanitarian 
reason

25,634 242 1.1 (0.9– 1.4) 1.1 (0.9– 1.4) 377 1.2 (1.04– 1.4) 1.3 (1.1– 1.5)

Work and study 12,858 45 0.4 (0.3– 0.6) 0.7 (0.5– 0.9) 56 0.4 (0.3– 0.5) 0.6 (0.4– 0.8)

Other 700 4 0.7 (0.3– 1.8) 0.9 (0.3– 2.3) 6 0.7 (0.3– 1.6) 0.9 (0.4– 1.9)

(a)OR, (adjusted) odds ratio; CI, confidence interval; ID, intellectual disability.
aAdjusted for sex, birth year, maternal and paternal age at child's birth, parental region of origin and timing of child's birth in relation to maternal migration.
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birth occurred before and later than four years after maternal 
migration, which was largely replicated in the sibling com-
parison. Furthermore, the associations with both ID with and 
without autism were more pronounced when the parents had 
migrated from the Middle East, North Africa, Sub- Saharan 
Africa, Central and South Asia or Latin America and for rea-
sons other than work or study among these children. Having 
one migrant parent meant a slightly increased risk of both con-
ditions if the father was a migrant, while maternal migration 
status was associated with ID with autism but not ID without 
autism, compared with children with Swedish- born parents.

4.1 | Parental migration status

Results showing similar associations for both ID with and with-
out autism in children with both parents born abroad suggest 
that there may be a general association between parental migra-
tion and a risk of ID or cognitive impairment. Our results for ID 
without autism are inconsistent with the two previous studies 
from the USA and Australia, showing a decreased or unchanged 
risk of ID without autism in children of migrant parents.6,7 This 
discrepancy may reflect differences between health systems in 
access to diagnostic services among migrant groups,6,22 small 
sample sizes, differences in origins of migrants or differential 
exposures to environmental factors among migrants.

Among children with one parent born abroad, maternal 
and paternal migration was similarly associated with ID with 
autism in our data. This is line with a Dutch study,15 but in 
disagreement with studies from the Nordic countries indicat-
ing, albeit based on small numbers, that maternal, but not pa-
ternal, migration is associated with childhood autism.12– 14 In 
addition, our data showed that paternal, but not maternal, mi-
gration was associated with ID without autism. These results 
speak against in utero exposures related to maternal migration 
as the only explanation of the increased risks of ID with and 
without autism. However, a careful interpretation is needed, 
because the results may possibly be explained by other factors 
than parental migration- related factors, for example selection 
of individuals who marry with a person born abroad.

4.2 | Parental region of origin

We observed higher risks of ID with and without autism 
among children of migrant parents from the Middle East, 
North Africa, Sub- Saharan Africa, Central and South Asia 
and Latin America. These regions include larger share of 
low-  and middle- income countries according to the classi-
fications of World Bank.23 This finding is in line with many 
previous studies.3– 5,8,12 There is some evidence that the 
prevalence of ID may be higher in low-  and middle-  than in 
high- income countries.24 The risk increases among children 

of migrants maybe because of risk factors associated with the 
place of parental origin and remaining over time, for example 
deprivation, malnutrition, genetic variations and consanguin-
ity. In addition, factors in the country of destination that may 
disproportionately affect migrants from low-  and middle- 
income settings might be implicated, for example discrimi-
nation, stress, poor health literacy and lower utilization of 
healthcare including prenatal screening.25,26

4.3 | Timing of child's birth in relation to 
maternal migration

Among children with both migrant parents, those born be-
fore maternal migration had a decreased risk of ID with au-
tism, but not of ID without autism, compared with children 
born near in time after maternal migration. There are three 
possible interpretations of the risk difference between the 
outcomes. Firstly, the lower risk of ID with autism may be 
because of selective migration where families with a child 
born abroad with ID with autism might not migrate, pre-
sumably because of additional pressures or challenges those 
families face. However, it is unlikely that families with a child 
with ID without autism migrate but not those with a child 
with ID with autism. Secondly, the difference may depend 
on assessment bias. In Sweden, autism and ID are normally 
diagnosed by clinical experts using diagnostic instruments 
including interviews with parents and teachers, and observa-
tion of the child. For families not speaking Swedish, profes-
sional interpreters are used for parent interviews, and child 
observations are focused on non- verbal behaviours. This may 
lead to an assessment bias in children of migrants27 because 
of misunderstanding or misinterpretation of cultural norms 
in relation to child development. However, this would not ex-
plain why ID with autism and not ID without autism should 
be subjected to such assessment bias. Thirdly, the results may 
suggest that the aetiology of ID with autism is different from 
that of ID without autism. Some previous findings that the 
risk factor profiles differ between ID with and without autism 
support this notion.7 Indeed, our results propose that factors 
in the travel and early post- migration phases of migration and 
acting in utero, such as prenatal maternal migration stress and 
infection, may be relevant in the aetiology of ID with autism 
but not ID without autism.28,29 Further confirmative studies 
are, however, needed to examine the association.

4.4 | Parental reason for migration

To the best of our knowledge, this is the first study investi-
gating parental reason for migration in relation to autism and 
ID. Parental reason for migration did not influence the risks 
of ID with or without autism except for the slightly decreased 
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risks in children with parents migrated for work or study. The 
risk decrease not only might depend on selective migration 
where the healthier population with an ability to work or 
study migrates, but may also suggest that migration in less 
adverse or better socioeconomic circumstances is associated 
with the lower risk of offspring ID with and without autism.

4.5 | Strengths and limitations

Our study has several strengths. Firstly, the large total popu-
lation sample ensure a low risk of selection bias and random 
error. Secondly, the comprehensive approach contributes to 
the understanding of the complex association between mi-
gration and ID with and without autism. Thirdly, the analy-
ses including only children with migrant parent(s) allowed 
to additionally adjust for potential confounders that are 
migrant- specific variables. Fourthly, the use of both stand-
ard adjustment and sibling- comparison analysis accounted 
for unobserved familial confounders, such as genetic risk and 
parental health behaviours. The observed associations with 
timing of child's birth in relation to maternal migration in 
the standard logistic models were largely replicated in the 
sibling- comparison models, which suggests that there was 
minimal shared familial confounding.

Some limitations should be noted. Firstly, the registers 
lacked detailed information on, for example circumstances 
before arrival in Sweden. Secondly, there was likely mis-
classification in the date of maternal migration, especially 
among refugees who may have arrived as asylum seekers 
before the date a resident permit is granted. This misclas-
sification is likely to have been non- differential in relation 
to the outcomes, which may have diluted associations with 
timing of child's birth in relation to maternal migration. To 
mitigate against this, we adjusted the date of registration with 
the Swedish Tax Agency of these groups based on the self- 
reports of migration date collected by the Swedish Migration 
Agency. Thirdly, there may be some outcome misclassifica-
tion. Although ID with autism diagnoses been validated in 
our cohort,16 it is possible that the validity of the tools used to 
diagnose autism or ID may have different properties in differ-
ent migrant groups leading to misclassification. Fourthly, the 
possibility of selection bias because of the exclusion of popu-
lation cannot be excluded. For example, some specific groups 
of children such as asylum seekers, undocumented migrants, 
adopted children, unaccompanied migrant children, children 
of single parent and a part of newly arrived migrants were 
excluded because of a lack of data. Although the impact of 
the exclusion on the results is difficult to estimate, it is likely 
that selection bias was minimal in the most of analyses as 
the excluded population consisted only around 10% of the 
total population. However, for the analysis for parental reason 
for migration, 26% of the population was excluded, which 

could have affected the results. Fifthly, migration is a hetero-
geneous phenomenon and caution must be exercised before 
generalizing our results in a broader context. Our data are 
likely representative of Sweden and other Nordic countries, 
but further studies are needed to evaluate the association in 
the different countries of destination.

4.6 | Future studies

This study suggested several future areas for research. Firstly, more 
studies on the association between migration and ID is needed to 
draw any conclusion of the association. Especially, studies examin-
ing the severity of ID are urgently needed, as previous studies indi-
cated that factors influencing severe ID differ from those influencing 
mild ID,30 and there were observations of risk differences between 
these severities of ID among migrant's children.6– 8 Other subcatego-
ries of ID such as the association with a known medical or genetic 
condition is also of interest. Secondly, further research is needed in 
order to investigate the underlying factors explaining the increased 
risk of ID with and without autism in children with migrant parents. 
This study suggested some potential such factors including timing of 
child's birth in relation to maternal migration and parental reason for 
migration. In addition, our results indicated that there may be differ-
ences in the underlying factors between ID with and without autism, 
suggesting that the association needs to be examined separately for 
these conditions. Thirdly, there is a need for studies from different 
countries of destination on the association. Evaluating how migra-
tion from a same country of origin to different country of destination 
impact the risks of the conditions would give a clue of the impor-
tance of post- migration factors in a country of destination.

To Conclude, we found that parental migration is associated 
with ID regardless of co- occurrence of autism, although un-
derlying factors may differ between the conditions. Our results 
suggested that these associations are partly explained by envi-
ronmental factors during pregnancy related to circumstances 
around migration for ID with autism, and by factors linked to 
parental origin in low-  and middle- income countries for ID in 
general, although other factors such as assessment bias and se-
lection may also play a role. While these associations and factors 
need to be studied further, recipient countries should consider 
policies that lead to increased health literacy and access to an-
tenatal care in migrants, to reduce the burden of the conditions.
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