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Abstract
Background
Risk of being diagnosed with different developmental disorders is found to vary with immigrant background. Knowledge about such differences in Norway are a starting point for equity in health services quality, and for early identification and prevention. Our objective was to assess the risk of receiving diagnoses of developmental disorders among children born in Norway (2006–2017) to two or one immigrant parent compared to children with two Norwegian-born parents.

Methods
Information on developmental disorders was from the Norwegian Patient Register (NPR) and information on immigrant background, parental country of origin, parental education, and household income from Statistics Norway. We estimated hazard ratios (HR) with Cox proportional hazard regressions. With children with Norwegian background as reference category, we estimated HRs for immigration background and region of origin. All analyses were adjusted for sex, year of birth, parental education, and household income.

Results
Children with two immigrant parents had a lower risk of receiving any developmental disorder diagnosis [HR 0.80 (95% CI 0.77, 0.82)] than children with Norwegian background, and lower risk of being diagnosed with attention deficit hyperactivity disorder (ADHD) diagnosis [HR 0.24 (95% CI 0.22, 0.27)], learning difficulties diagnosis [HR 0.39 (95% CI 0.33, 0.47)], and behavioral and emotional disorders [HR 0.52 (95% CI 0.49, 0.55)]. Children with immigrant parents had higher hazard than Norwegian background children of autism spectrum disorder (ASD) [HR 2.21 (95% CI 2.04, 2.39)], mental retardation [HR 1.84 (95% CI 1.64, 2.07)], language disorders [HR 1.30 (95% CI 1.20, 1.40)], and unspecified developmental disorders [HR 1.22 (95% CI 1.17, 1.28)]. Children with only one immigrant parent had lower risk of diagnoses than children of two immigrants.

Conclusion
Risk of receiving a diagnosis of various developmental disorders varied substantially by immigrant background. Understanding the underlying mechanisms of these differences is warranted to ensure equity in health services and timely intervention.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13034-022-00547-x.
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Background
A considerable proportion of years lived with disability among younger children is due to impaired functioning in the physical, learning and language domains, which often come with developmental disorders [1]. Children with such disorders are at increased risk of suboptimal health and wellbeing. The specific causes of most developmental disorders are unknown. Known risk factors related to developmental disorders include genetics, both inherited and spontaneous mutations, environmental factors including birth complications and caesarian sections, obesity and diabetes during pregnancy, low intake of vitamins as well as exposure to heavy metals and other environmental toxins [2–4]. Common developmental disorders include behavioral and emotional disorders in childhood, including attention deficit hyperactivity disorder (ADHD), autism spectrum disorders (ASD), learning difficulties and language disorders.
An estimated 0.7% of children in Norway are diagnosed with ASD [5], and 3–5% of children have an ADHD diagnosis [6]. The risk of receiving an ASD diagnosis has in several studies been shown to be higher among children of immigrants than among other children, especially for low-functioning ASD [7–11]. Evidence is inconclusive about the relationship between receiving an ADHD diagnosis and immigrant background [10], but in Sweden receiving an ADHD diagnosis is associated with social disadvantage [12], and in Finland with having immigrant parents [13]. Children with one or two immigrant parents have also been reported to have a higher risk of developmental disorders related to speech and language, academic skills, or coordination [14, 15]. Differences by immigration background in diagnoses of developmental disorders could reflect both differences in prevalence, due to exposure to various environmental risk factors or genetics, or due to differences in use of health services and in being diagnosed timely and correctly [10].
In Norway, 12% of children under the age of 18 are born to two immigrant parents [16], and an increasing number of children live in exogamous families; i.e., with one immigrant and one native-born parent. Knowledge about differences in risk of diagnoses of developmental disorders among children by immigration background in Norway is warranted for early identification, prevention, and equity in health care service quality.
This article explores and describes how diagnoses of developmental disorders vary between children with Norwegian and with immigrant backgrounds. To do this, we used linked Norwegian register data to assess the risk of receiving diagnoses of developmental disorders among children born in Norway between 2006 and 2017 to two or one immigrant parent compared to children with two Norwegian-born parents.
Methods
Study population
The study population included all children born in Norway between 2006 and 2017 and registered in the Medical Birth Registry of Norway (MBRN). Number and year of diagnoses for developmental disorders registered in the Norwegian Patient Register (NPR) and information on immigrant background, parental country of origin, parental education and household income from Statistics Norway were linked by the child’s national personal identification number.
Children with missing information on immigration category or regional background (N = 77 243), those registered as emigrated or unknown status (N = 82 987), stillborn or dead before the age of 2 (N = 50 839), or with missing information on parental education and/or household income (N = 817) were excluded. Children whose registered immigrant status did not correspond to parents` country of birth, e.g., children registered as born in Norway to two Norwegian born parents, but where one or two parents had another birth country than Norway, were excluded (N = 37 875). After all exclusions, the total sample included 669 770 children.
Variables
Children born to two native-born parents are referred to as having “Norwegian background”, whilst those born to at least one foreign-born parent as having an “Immigrant background”. Children with two foreign-born parents are referred to as having “immigrant parents”. Those with a foreign-born mother and native-born father are referred to as having “immigrant mother”, and correspondingly, we use “immigrant father” when referring to those with a foreign-born father and native-born mother.
Parental regional background was defined by parental country of birth. Among children with immigrant background, region of origin was classified according to national standards [17] into the following categories: “EU/European Economic Area (EEA), Oceania, United States of America (USA), and Canada”, “Europe except EU/EEA”, “Asia”, “Africa”, and “Latin America”. Relatively few children were registered with a parental regional background from USA/Canada or Oceania. These regions were consequently grouped into one category with the EU/European Economic Area, considered most similar with respect to socio-economic development. Grouping based on socio-economic development is useful because of known associations between socioeconomic status and neurodevelopmental disorders. The “Europe except EU” category includes mostly eastern European countries such as Kosovo, Russia, Bosnia and Herzegovina, Serbia, and North Macedonia. Most children with two immigrant parents had parents with the same regional background (93%). Where there was a discrepancy between maternal and paternal regional background, region of origin is defined as the mother`s region of origin.
Parental education was recorded as highest attained educational level throughout the study period by either parent and categorized into “primary school” (≥ 9 years), “upper secondary school” (10–12 years), “university/university college, lower” (13–16 years) and “university/university college, higher” (≥ 17 years). Household income was recorded as yearly household income (in NOK) after tax, divided by number of consumptions units (EU-scale) in the household. Household income groups were calculated based on the tertials of household income per year and included in the analyses as household income group at year of birth.
The Norwegian Patient Registry contains ICD-10 diagnoses given in secondary and tertiary health care (both inpatient and outpatient) from 2008 onwards. We included 8 diagnostic categories of developmental disorders (ICD-10 codes in Additional file 4: Table S1): “mental retardation”, “language disorders”, “learning difficulties”, “other developmental disorders”, “ASD”, “ADHD”, “behavioral and emotional disorders in childhood”, and “unspecified developmental delay”. We use the term “any developmental disorder” as a summative category that describes children who received at least one of these eight developmental disorders. Children with a diagnosis within a diagnostic category at least once during the specified time frame were classified as having the respective diagnosis.
Analyses
The number and percentage receiving each diagnosis according to parent’s immigration category and region of origin was reported. In Cox proportional hazard regressions, hazard ratios (HR) with 95% confidence intervals for each diagnosis were calculated for immigrant category (having an immigrant mother, father, or both) and regional background, compared to having parents with Norwegian background. We compared regional background for all children with an immigrant background (either mother, father, or both) to children with a Norwegian background. Analyses were adjusted for sex and year of birth, parental education, and household income.
Each participant was followed from 2008 or year of birth (if later than 2008) until first diagnosis per diagnostic category, the end of 2018 or year of death. Children were between 0 and 12 years during follow up. We made additional, separate analyses for diagnoses given before the age of 6 years, which in Norway is the age children start school, and reported mean age per diagnostic category by regional background.
Sensitivity analyses for association of diagnosis with regional background were carried out for children with two immigrant parents, with an immigrant mother and an immigrant father separately.
Analyses were performed in R [18], using the ‘survival’ package [19] for the analyses, and ‘forestmodel’ package [20] to create the figures.
Results
Of the included children, 37% had at least one immigrant parent, of whom 51% were born to two immigrant parents, 27% to an immigrant mother and 22% to an immigrant father. Children with an immigrant background more often had parents in the lowest educational category compared to children with a Norwegian background. Most prominently among children with two immigrant parents, of whom 25% had parents in the lowest educational category (Table 1). The proportion with parents in the lowest educational group varied by region of origin and was highest among those with background from Africa and Asia. For all children with an immigrant background, children with parental regional background from EU/EEA/Oceania/USA/Canada had a higher proportion within the highest educational category, also compared to those with a Norwegian background (Table 1). The proportion with low household income was highest among children with two immigrant parents, and among these, highest among those with parental regional background from Africa or Asia. The highest proportion within the highest household income category was for those with one immigrant parent with background from EU/EEA/Oceania/USA/Canada.Table 1Characteristics of the sample, Norwegian-born children aged 0–18 years between 2006 and 2018, by parental immigration category and parental region of origin


	 	Two Norwegian-born parents
	Two immigrant parents
	EU/EEA/Oceania/USA/Canada
	Europe except EU
	Africa
	Asia
	Latin America

	Total, N
	487 545
	93 432
	27 802
	10 438
	19 743
	34 197
	1 252

	Parental education, %

	Primary
	4.9
	25.2
	8.7
	17.2
	42.8
	29.8
	14.4

	Secondary
	29.9
	27.3
	25.8
	33.5
	26.6
	27
	25.4

	Higher, low
	42.8
	25.9
	30
	26.3
	20.3
	26.1
	25

	HIgher, high
	22.5
	21.5
	35.5
	22.9
	10.3
	17.1
	35.3

	Household income (tertiles), %

	Low
	28.9
	73
	62.9
	65
	89.9
	74.7
	58.8

	Middle
	38.7
	18.5
	24.5
	24.3
	8.3
	17.5
	23

	High
	32.4
	8.5
	12.6
	10.7
	1.9
	7.8
	18.2


	 	Only immigrant mother
	EU/EEA/Oceania/USA/Canada
	Europe except EU
	Africa
	Asia
	Latin America

	Total, N
	49,503
	22,268
	4463
	2312
	15,921
	4539

	Parental education, %

	Primary
	7.7
	4.5
	5.4
	10
	12.7
	6.9

	Secondary
	27.9
	22.4
	20.6
	32.7
	35.6
	33

	Higher, low
	33.9
	35.4
	30.5
	34.3
	33.1
	32.4

	HIgher, high
	30.4
	37.6
	43.6
	23.0
	18.6
	27.7

	Household income (tertiles), %

	Low
	39
	29.0
	35.1
	51.2
	51.3
	43.1

	Middle
	31.5
	33.3
	33.8
	27.5
	28.9
	30.9

	High
	29.5
	37.7
	31.1
	21.4
	19.8
	26


	 	Only immigrant father
	EU/EEA/Oceania/USA/Canada
	Europe except EU
	Africa
	Asia
	Latin America

	Total, N
	39 290
	23 887
	1 696
	3 493
	7 481
	2 733

	Parental education, %

	Primary
	8.3
	4.9
	14.7
	11.3
	16.5
	7.3

	Secondary
	22.2
	18.9
	34.5
	21.5
	31.0
	21

	Higher, low
	38.9
	40.1
	34.5
	41.9
	34.1
	40.2

	HIgher, high
	30.6
	36.1
	16.4
	25.2
	18.4
	31.5

	Household income (tertiles), %

	Low
	40.7
	31.2
	47.6
	61.5
	55.8
	52

	Middle
	32.4
	34.5
	36.3
	26.4
	28.1
	31.3

	High
	26.9
	34.4
	16.1
	12
	16.1
	16.7




The proportion of children with any developmental disorder was lower among children with an immigrant background compared to children with a Norwegian background (Table 2). The most common diagnoses for children with a Norwegian background were ADHD, behavioral and emotional disorders, and unspecified developmental delay.Table 2Developmental disorder diagnoses given in secondary/tertiary health care [N (%)] and between 2008 and 2018 among children born in Norway between 2006 and 2017 with two Norwegian-born parents, two immigrant parents and one immigrant parent (mother/father)


	 	Two Norwegian-born parents
	Two immigrant parents
	EU/EEA/Oceania/USA/Canada
	Europe except EU
	Africa
	Asia
	Latin America

	Mental retardation
	1332 (0.27)
	495 (0.53)***
	55 (0.20)*
	51 (0.49)***
	161 (0.82)***
	224 (0.66)***
	4 (0.32)

	Language disorders
	3594 (0.74)
	974 (1.04)***
	199 (0.72)
	123 (1.18)***
	216 (1.09)***
	412 (1.20)***
	24 (1.92)***

	Learning difficulties
	1762 (0.36)
	144 (0.15)***
	20 (0.07)***
	18 (0.17)**
	32 (0.16)***
	67 (0.20)***
	7 (0.56)

	Other developmental disorders
	2741 (0.56)
	464 (0.50)*
	81 (0.29)***
	64 (0.61)
	127 (0.64)
	185 (0.54)
	7 (0.56)

	Autism spectrum disorders
	2624 (0.54)
	1111 (1.19)***
	202 (0.73)***
	125 (1.20)***
	309 (1.57)***
	462 (1.35)***
	13 (1.04) *

	ADHD
	8873 (1.82)
	461 (0.49)***
	115 (0.41)***
	52 (0.50)***
	126 (0.64)***
	150 (0.44)***
	18 (1.44)

	Behavioral and emotional disorders in childhood,
	16338 (3.35)
	1558 (1.67)***
	342 (1.23)***
	165 (1.58)***
	312 (1.58)***
	710 (2.08)***
	29 (2.32)

	Unspecified developmental delay
	11218 (2.30)
	2916 (3.12)***
	565 (2.03)**
	310 (2.97)***
	686 (3.47) ***
	1322 (3.87)***
	33 (2.64)

	Any developmental disorder
	35794 (7.34)
	5710 (6.11)***
	1161 (4.18)***
	633 (6.06)***
	1340 (6.79)**
	2485 (7.27)
	91 (7.27)


	 	Norwegian-born father and immigrant mother
	EU/EEA/Oceania/USA/Canada
	Europe except EU
	Africa
	Asia
	Latin America

	Mental retardation
	131 (0.26)
	43 (0.19)*
	13 (0.29)
	 	55 (0.35)
	16 (0.35)

	Language disorders
	439 (0.89)***
	165 (0.74)
	54 (1.21)***
	18 (0.78)
	142 (0.89)*
	60 (1.32)***

	Learning difficulties
	115 (0.23)***
	54 (0.24)**
	12 (0.27)
	 	37 (0.23)**
	8 (0.18)

	Other developmental disorders
	260 (0.53)
	119 (0.53)
	28 (0.63)
	13 (0.56)
	80 (0.50)
	20 (0.44)

	Autism spectrum disorders
	420 (0.85)***
	161 (0.72)***
	53 (1.19)***
	20 (0.87)*
	143 (0.90)***
	43 (0.95)***

	ADHD
	548 (1.11)***
	290 (1.30)***
	62 (1.39)*
	24 (1.04)**
	104 (0.65)***
	68 (1.50)

	Behavioral and emotional disorders in childhood,
	1405 (2.84)***
	655 (2.94)***
	145 (3.25)
	76 (3.29)
	362 (2.27)***
	167 (3.68)

	Unspecified developmental delay
	1231 (2.49)**
	508 (2.28)
	116 (2.60)
	44 (1.90)
	447 (2.81)***
	116 (2.56)

	Any developmental disorder
	3363 (6.79)***
	1485 (6.67)***
	348 (7.80)
	152 (6.57)
	1009 (6.34)***
	369 (8.13)*


	 	Norwegian-born mother and immigrant father
	EU/EEA/Oceania/USA/Canada
	Europe except EU
	Africa
	Asia
	Latin America

	Mental retardation
	133 (0.34)*
	61 (0.26)
	 	21 (0.60)***
	36 (0.48) **
	11 (0.40)

	Language disorders
	297 (0.76)
	170 (0.71)
	14 (0.83)
	24 (0.69)
	69 (0.92)
	20 (0.73)

	Learning difficulties
	111 (0.28)*
	61 (0.26)**
	7 (0.41)
	14 (0.40)
	20 (0.27)
	9 (0.33)

	Other developmental disorders
	188 (0.48)*
	94 (0.39)***
	8 (0.47)
	16 (0.46)
	54 (0.72)
	16 (0.59)

	Autism spectrum disorders
	268 (0.68)***
	152 (0.64)*
	13 (0.77)
	28 (0.80)*
	56 (0.75)*
	19 (0.70)

	ADHD
	561 (1.43)***
	333 (1.39)***
	24 (1.42)
	76 (2.18)
	77 (1.03)***
	51 (1.87)

	Behavioral and emotional disorders in childhood,
	1192 (3.03)***
	703 (2.94)***
	52 (3.07)
	122 (3.49)
	226 (3.02)
	89 (3.26)

	Unspecified developmental delay
	920 (2.34)
	482 (2.02)**
	44 (2.60)
	73 (2.09)
	248 (3.31)***
	73 (2.67)

	Any developmental disorder
	2638 (6.71)***
	1496 (6.26)***
	115 (6.78)
	253 (7.24)
	568 (7.59)
	206 (7.54)


N < 5 not shown. Star indicting difference to having two Norwegian-born parents: ***p < 0.001 **p < 0.01 *p < 0.05



The proportions with diagnoses of learning difficulties, ADHD, behavioral and emotional disorders, and other developmental disorders were lower among children with immigrant background compared to children with a Norwegian background, but with some variations by regional background (Table 2). For ASD and language disorders, a higher proportion of children with immigrant parents were diagnosed compared to children with a Norwegian background (Table 2). The higher proportions with an ASD diagnosis were consistent over regional backgrounds.
Results from cox regressions adjusted for sex, birth year, highest parental education and household income showed lower hazards of diagnosis of ‘any developmental disorder’ among children with an immigrant background [immigrant parents: HR 0.80 (95% CI 0.77, 0.82), immigrant mother: HR 0.96 (0.93, 0.99), immigrant father: HR 0.95 (0.91, 0.99)] compared to those with a Norwegian background. Differences between children with an immigrant and a Norwegian background were most prominent for diagnosis of ADHD [immigrant parents: HR 0.24 (95% CI 0.22, 0.27), immigrant mother: HR 0.65 (0.60, 0.71), immigrant father: HR 0.86 (0.79, 0.93)], learning difficulties [immigrant parents: HR 0.39 (0.33, 0.47), immigrant mother: HR 0.71 (0.59, 0.86)], and behavioral and emotional disorders [immigrant parents: HR 0.52 (95% CI 0.49, 0.55), immigrant mother: HR 0.90 (0.86, 0.95)] (Fig. 1). By region, the hazard for diagnoses of these disorders were generally lower among children with any other regional background when comparing to children with a Norwegian background, with some exceptions. Children with parental regional background from Latin America did not have a significantly lower hazard ratio for diagnoses of any of these disorders. Compared to children with a Norwegian background, children with parental regional background from Asia, Africa and Europe except EU stand out with the lowest hazard ratios for diagnoses of learning difficulties, ADHD, or behavioral/emotional disorder (Fig. 2).[image: ]
Fig. 1Hazard ratio for diagnosis of developmental disorder by parental immigration category for children born in Norway between 2006 and 2017, adjusted for birth year, sex, highest achieved parental educational level, and household income group, (95% confidence interval)

[image: ]
Fig. 2Hazard ratio for diagnosis of developmental disorder by parental regional background for children born in Norway between 2006 and 2017. Regional background for children with an immigrant background (either mother, father, or both) compared to children with a Norwegian background, adjusted for birth year, sex, highest achieved parental educational level, and household income group (95% confidence interval)


Adjusted cox regressions showed higher hazards of diagnoses of ASD [immigrant parents: HR 2.21 (95% CI 2.04, 2.39), immigrant mother: HR 1.63 (1.47, 1.81), immigrant father: HR 1.29 (1.14, 1.47)], mental retardation [immigrant parents: HR 1.84 (1.64, 2.07), immigrant father: HR 1.29 (1.08, 1.55)], language disorders [immigrant parents: HR 1.30 (1.20, 1.40), immigrant mother: HR 1.23 (1.12, 1.36)], and unspecified developmental disorders [immigrant parents: HR 1.22 (1.17, 1.28)] among children with an immigrant background than among children with a Norwegian background (Fig. 1). For children with immigrant background, hazards were higher for a mental retardation or unspecified developmental disorder diagnosis among those with a parent from Europe except EU, Africa or Asia, for a language disorders diagnosis among those with a parent from Europe except EU or Latin America, and for an ASD diagnosis among those with parents from any of the regions compared to children with a Norwegian background (Fig. 2).
When assessing only diagnoses given before the age of 6, main findings of higher proportions of ASD and language disorders diagnoses, and lower proportions of ADHD diagnoses, among children with an immigrant background compared to children with a Norwegian background are consistent (Additional file 4: Table S1). In contrast to proportions with a diagnosis in the total sample, i.e., before the age of 12, a larger proportion of children with an immigrant background had a diagnosis for ‘any developmental disorder’ before the age of 6 compared to children with a Norwegian background.
Mean age for any developmental disorder diagnosis is considerably lower for children with two immigrant parents than for children with parents born in Norway (mean age 3.9 (SD 2.7) for children with two immigrant parents, 5.5 (SD 3.2) for children with Norwegian-born parents). Mean age for first diagnosis of ASD and mental retardation was lower among children with immigrant background, and for behavioral and emotional disorders higher, compared to children of a Norwegian background (Additional file 4: Table S3).
Figures presenting hazard ratios by regional background among children with an immigrant mother, immigrant father or immigrant parents separately compared to Norwegian-born parents are shown in Additional file 1: Figure S1, Additional file 2: Figure S2, Additional file 3: Figure S3. For ASD diagnosis, the association with parental regional background was stronger for having an immigrant mother than an immigrant father (Additional file 1: Figure S1 and Additional file 2: Figure S2). For children with only one immigrant parent, maternal regional background from Europe except EU and Latin America was associated with higher hazard of language disorders diagnoses and for Asia and EU/EEA/Oceania/USA/Canada also ASD diagnoses. Maternal regional background from Asia was associated with lower hazards of diagnoses of learning difficulties, ADHD, and behavioral and emotional disorders in childhood. These associations were not as prominent for those with an immigrant father only. For children with only one immigrant parent, hazard of mental retardation diagnosis was higher among those with paternal regional background from Africa, Asia and Latin America, an association which was not found for maternal regional background.
Discussion
Main findings
When assessing the risk of developmental disorders within any of the selected diagnostic categories, children with an immigrant background had a lower risk of diagnosis than children with a Norwegian background. For two of the overall most common diagnosis groups, behavioral and emotional disorder and ADHD, the risk of a diagnosis was lower among children with an immigrant background than among children with Norwegian background. However, children with an immigrant background had higher risk of receiving an ASD diagnosis than children with non-immigrant parents. Children with two immigrant parents also had higher risk than children with a Norwegian background of a diagnosis of mental retardation, language disorders or unspecified developmental delay. In addition to higher risk of an ASD diagnosis, children with an immigrant father had higher risk of a mental retardation diagnosis, and those with an immigrant mother of language disorders, compared to Norwegian background children. The differences in ASD prevalence between children with and without immigrant background was most pronounced for children under the age of 6 years.
A lower risk of diagnosis of any developmental disorder among children with immigrant parents than among those with Norwegian background could indicate lower true prevalence. However, it could also reflect variation in interpretation of symptoms from parents, teachers and other care givers, or variation in healthcare seeking behaviour, where some groups may be less likely than others to seek health care for such disorders. The latter hypothesis is consistent with our finding that immigrant groups have higher prevalence of more severe disorders that cannot be ignored, such as autism, and lower prevalence with less severe disorders that are harder to diagnose, such as ADHD.
ADHD
Children with an immigrant background had lower odds of being diagnosed with ADHD than children with Norwegian-born parents, in contrast to studies from Finland, where children of immigrants were more likely than others to be diagnosed with ADHD [13]. In Sweden, children with parents from low- and middle-income countries have been found to have lower levels of ADHD medication than children with two Swedish born parents, whereas children of parents from high-income countries, or with one immigrant and one Swedish-born parent, had the same level of ADHD medication as children with two Swedish-born parents [21]. Environmental factors most consistently associated with ADHD are pre- and perinatal factors, such as severe early deprivation and psychological stress during pregnancy, low birth weight, and prematurity. It is, however, not clear that children with immigrant parents should experience lower levels of risk factors for ADHD. In general, one might expect immigrant mothers to experience greater psychological stress than Norwegian-born mothers. Further, mothers from Africa and parts of Asia often give birth to babies with lower birth weight than Norwegian-born mothers [22]. Within homogeneous populations from industrialized countries ADHD has a genetic component, but its importance for the differences between children with and without immigrant parents are unknown. Finally, differences in diagnosis may be related to use of health services, differences in tolerance or interpretation of symptoms and in how diagnoses are given.
Autism spectrum disorders
The odds of receiving an ASD diagnosis were higher among children with at least one immigrant parent compared to children with two Norwegian born parents. It was highest among those with two immigrant parents, and higher among those with one immigrant mother than among those with one immigrant father. This is in line with findings from Finland, where children with two immigrant parents or an immigrant mother, but not those with an immigrant father, had higher risk of an ASD diagnosis than children with two Finnish born parent [9]. In Sweden, having a mother born outside Sweden, irrespective of father`s immigrant status, has been associated with risk of an ASD diagnosis [23]. Also, in Denmark, having a mother born outside Europe, and/or parents born in different countries, has been associated with increased risk of an ASD diagnosis [24]. Previous research has suggested that risk of ASD [25], and low functioning ASD especially [26], is associated with migration background from low HDI (human development index) countries, but not from high HDI countries. Our results do not reflect these observations, as risk of an ASD diagnosis was increased across all regions for those with two immigrant parents, for those with mothers from all regions except Africa, and those with fathers from EU/EEA/Oceania/USA/Canada, Europe except EU, and Africa. Several studies report that children with immigrant parents have higher risk of low-functioning ASD, but lower risk of high-functioning ASD [10]. We did not have data to assess such differences in our study, but as early diagnosis may be an indication of stronger symptoms, more pronounced differences for children of immigrants for early diagnosis could possibly reflect this.
Differences between children with and without immigrant parents in risk of receiving an ASD diagnosis can be related to both higher prevalence of ASD among children of immigrants than other children, and to differences in the likelihood of being correctly diagnosed with ASD. ASD is caused by genetic and environmental factors or a combination of the two [3]. Because the heritability estimates for ASD are based on homogeneous populations and explain variations between individuals, they carry little information about potential genetic causes for the observed prevalence differences between children with and without immigrant background. Rates of ASD are high among children with East African background in Norway [27]. These numbers do not correspond to reported rates of ASD among children in Eastern Africa [28], which could be due to several environmental factors including underdiagnosis in countries of origin, different environmental factors in Norway and stressors associated with growing up in an immigrant context. Indeed, a prior literature review highlights the importance of maternal migration stressors for the risk of ASD among their children [29]. Consistently, a study in Sweden found that the risk of ASD was higher if the mother had immigrated within 5 years of the birth compared to more than 15 years [26]. Overall, current research has identified several broad factors associated with ASD diagnosis in children with immigrant background, yet there remains a need for well-designed research about environmental causes for ASD among immigrants in Norway.
Differences in risk of diagnoses of developmental disorders may also be due to differences in health care seeking behavior of parents and bias in referral and diagnosis within health care services. There is evidence that health personnel are more likely to ignore symptoms of ASD or attribute them to other social or language problems among children with immigrant background [10]. Parents from some immigrant groups may also have less knowledge about symptoms of for instance ADHD or ASD or having children with such disorders may be considered shameful. Moreover, immigrant parents may face barriers to seeking health care, including low health literacy and knowledge about the health care system, low proficiency in the host language and practical barriers. All these factors could lead to underdiagnoses of developmental disorders among children of immigrants, and we thus hypothesize that our results reflect a true higher prevalence of ASD among immigrants, rather than a higher proportion with ASD being diagnosed, and that differences in prevalence possibly are larger than our results indicate.
Language disorders
In our study, children with two immigrant parents or an immigrant mother had higher odds for a diagnosis of language disorders than children with two Norwegian parents. In Finland, having an immigrant mother, an immigrant father, or two immigrant parents have been associated with a diagnosis of speech and language disorder, most strongly among those with two immigrant parents, but stronger among those with an immigrant mother than an immigrant father [15]. Stronger associations with having an immigrant mother than father both in Finland and in our study, suggest that mothers are more important for language learning and development among children than fathers. Given the children with immigrant background typically grow up bilingual, bilingual language development is somewhat delayed and more variable, and diagnosis of language disorders in bilingual children is complicated, a higher prevalence of language disorders among children with immigrant background is to be expected [30, 31].
Strengths and limitations
We used Norwegian registers with national and complete data on diagnoses given in secondary and tertiary health care for all children born in Norway between 2006 and 2017. The personal identification number per individual made it possible to link diagnoses from the Norwegian Patient register with data on parental education and household income from Statistics Norway. Our data, however, pertains only to diagnoses given in secondary and tertiary health care and does not include diagnoses given in primary care. For most developmental disorders among children, diagnoses are first set in secondary/tertiary care. Access to and use of secondary/tertiary care may be impacting diagnosis rates.
Children were followed from birth, or for those born in 2006 or 2007 from the age of 1 or 2 years. Very few developmental diagnoses are set before the age of 2, so left censoring should not be a problem. We had data until 2018, and children were followed up to a maximum of 12 years. Some children may receive a developmental disorder diagnosis at an age older than 12 years. Thus, differences in hazards could differ if we had been able to include a wider age group, and the mean age at diagnosis possibly higher. This is most relevant for the diagnoses ADHD and learning difficulties. Moreover, not all children were followed to the age of 12. We attempted to account for this by adjusting for year of birth in the regression analyses.
Further, as the Norwegian patient register started to register diagnoses in 2008, diagnoses registered this year might not be the first time of a diagnosis for a child, and thus the estimated mean age of diagnosis captured by the data may be too high. We might also have missed diagnoses given before 2008 if the child did not have any follow up care in secondary/tertiary care the following years. Further, we did not stratify immigrants by country of origin, which may downplay the difference in prevalence of different disorders between different groups.
Our data included only diagnostic categories and number of diagnoses given per category per year. We were therefore not able to differentiate between rates of specific codes within each category, for example differentiating between severity of the disorder. The analyses also assessed the rates and hazards of each diagnostic category separately. It is not uncommon for children to be diagnosed with multiple developmental disorders, for example a combination of both ASD and ADHD [32]. While our analyses did not take this into account, the data show that while there is a high rate of ADHD diagnoses among children with ASD, the opposite is not the case. For very young children, symptoms of developmental disorders may overlap and thus diagnoses may change over time [32].
Implications
Studies seeking to understand risk factors leading to higher prevalence of ASD and language disorders among immigrants will help contribute to early intervention and diagnosis of these disorders. Especially for ASD, early interventions are crucial. It will also be important to understand the lower risk of diagnoses of ADHD, learning difficulties, and behavioral and emotional disorders in childhood among children with an immigrant background than among others, whether it is related to underdiagnosis or to protective factors. Practitioners should be aware of the reported differences in their work with children with an immigrant background.
Conclusions
Risk of receiving a diagnosis of various developmental disorders varied by immigrant background. Understanding the underlying mechanisms of these differences is warranted to ensure equity in health services and timely intervention.
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