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Abstract

The etiology of autism spectrum disorders (ASD) is for the majority of cases unknown and more 

studies of risk factors are needed. Geographic variation in ASD occurrence has been observed, and 

urban residence has been suggested to serve as a proxy for etiologic and identification factors in 

ASD. We examined the association between urbanicity level and ASD at birth and during 

childhood. The study used a Danish register-based cohort of more than 800,000 children of which 

nearly 4,000 children were diagnosed with ASD. We found a dose–response association with 

greater level of urbanicity and risk of ASD. This association was found for residence at birth as 

well as residence during childhood. Further, we found an increased risk of ASD in children who 
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moved to a higher level of urbanicity after birth. Also, earlier age of ASD diagnosis in urban areas 

was observed. While we could not directly examine the specific reasons behind these associations, 

our results demonstrating particularly strong associations between ASD diagnosis and post-birth 

migration suggest the influence of identification-related factors such as access to services might 

have a substantive role on the ASD differentials we observed.
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Introduction

Autism spectrum disorders (ASD) are pervasive developmental disorders characterized by 

deficits in social interaction and communication and by stereotypic repetitive behaviors 

(Lauritsen 2013). The occurrence of ASDs has increased dramatically over the last two 

decades. The current prevalence estimate in many developed countries is 0.6–1 % 

(Kawamura et al. 2008; Boyle et al. 2011; Fombonne 2009; Posserud et al. 2010; Manning 

et al. 2011; Centers for Disease Control and Prevention 2012; Elsabbagh et al. 2012), but a 

rate as high as 2 % has recently been found in South Korea (Kim et al. 2011). The 

explanation for the increasing ASD prevalence is not known, but diagnostic factors have 

been suggested to play a considerable role (Zaroff and Uhm 2012) and likely causes could 

be changing diagnostic criteria, greater awareness, improved case identification, and 

changes in age of diagnosis (Parner et al. 2008, 2011; Gal et al. 2012). Family and twin 

studies have previously suggested a strong genetic component in the etiology of ASD 

(Geschwind 2011; Miles 2011) but few specific genes have been identified. It has, however, 

been suggested based on a recent twin study where a smaller genetic component was found 

that environmental factors may have a larger role in ASD etiology than believed previously 

(Cook and Scherer 2008; Hallmayer et al. 2011) but only few environmental factors have 

been identified. Adverse perinatal outcomes and maternal birth complications have been 

shown to increase the risk of ASD (Kolevzon et al. 2007; Gardener et al. 2009, 2011). Other 

potential environmental risk factors include viral exposure or exposure to neurotoxicants 

such as inorganic mercury from environmental sources (Palmer et al. 2006; Lewandowski et 

al. 2009), and air pollutants like metals, particulates, and volatile organic compounds 

(Kalkbrenner et al. 2010), for some of which only weak reported associations were found. 

Most studies had methodological limitations, and for all of these risk factors, the timing and 

dose may most likely be important for their effect on neurodevelopment.

Geographic variation in the occurrence of ASD has been studied also, and geographical 

spatial clustering of ASD has recently been observed (Mazumdar et al. 2010, in press; Van 

Meter et al. 2010). An association between ASD and urbanicity (i.e. higher risk of autism in 

urban versus rural districts) has been documented (Lauritsen et al. 2005; Williams et al. 

2006; Rosenberg et al. 2009; Lai et al. 2012). Urbanicity may act as a proxy for other 

factors, e.g. better access to diagnostic and medical services or higher exposure to as yet 

unknown environmental risk factors for ASD in urban vs. rural areas. Cultural influences 

related to family's place of residence have also been suggested to affect ASD prevalence, 

Lauritsen et al. Page 2

J Autism Dev Disord. Author manuscript; available in PMC 2015 July 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



such as the hypothesis that in geographic areas with high ASD prevalence, the sharing of 

information on autism between parents increased community awareness about signs and 

symptoms of ASD. As a consequence children living in very close proximity to a child 

previously diagnosed with ASD may be more likely to be diagnosed with ASD than children 

not living close to a diagnosed child (Liu et al. 2010). In conclusion, the influence of 

etiological versus identification factors including cultural influences on the ongoing secular 

trend in ASDs is not well established. In addition, when studying the identification and 

etiological factors of ASD only limited attention has until now been put on the time from 

birth until a diagnosis of ASD is applied (Mazumdar et al., in press).

The aim of the present population-based cohort study was to study further our previous 

findings that the higher degree of urbanization at place of birth in Denmark is associated to a 

higher risk of autism (Lauritsen et al. 2005). The current study includes a more recent and 

uniformly diagnosed Danish cohort than the previous study (Lauritsen et al. 2005) and aim 

for a more rigorous confounder adjustment.

In Denmark, a specialised diagnostic assessment of children suspected to have ASD is 

generally necessary in order to be enrolled in special services. Psychiatric diagnoses are 

applied to children referred for evaluation at a child and adolescent psychiatric hospital 

which is free of charge. The multi-disciplinary psychiatric evaluation of the child is 

supervised by a child psychiatrist and the diagnoses are registered at the Danish Psychiatric 

Central Research Register (DPCRR) (Mors et al. 2011) which is mandatory and used 

primarily for clinical purpose and surveillance but also used for research. Here, we included 

data from DPCRR on all children born in Denmark and present data on both residence at 

time of birth and current residence during childhood and specifically analyzed changes in 

type of residence between birth and later childhood. The current “childhood residence” 

construct may incorporate factors related to social and family factors in autism identification 

and diagnosis. We hypothesized that a high risk of ASD at place of birth indicated 

etiological, and specifically environmental factors of importance for the risk of ASD. 

Identification factors were not considered to be involved at the time of birth of the child but 

generally urbanicity at birth correlates highly to current urbanicity in childhood which 

contains identification factors. The association between urbanicity at birth and the risk of 

autism may therefore be explained both by etiologic and identification factors. By including 

urbanicity in childhood residence we may attempt to explain if the well-established 

association between urbanicity at birth and autism spectrum is due to etiological factors 

related to urbanicity or differences in identification in different urban regions. If differences 

were seen between place of birth and current place of residence until a diagnosis of ASD, 

this may indicate identification factors to play a considerable role, but etiological factors can 

also be involved.

Methods

Study Population

The Danish Civil Registration System (CRS) (Pedersen 2011) was used to obtain a large set 

of data on all Danish residents aged 1 year or older. Our study population included all 

children born in Denmark between 1 January 1993 and 31 December 2005, who were alive 
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at the 1st birthday, and who had information on maternal identity. The Danish CRS 

(Pedersen 2011) was established in 1968, and for all persons living in Denmark or 

Greenland, the CRS contains information on the current full address (municipality, road, and 

house number), and the date when they moved to that address. For immigrants, information 

on country of immigration, and for emigrants, information on the country of emigration is 

recorded along with dates of immigration and emigration. For persons whose residence is 

unknown to the Danish authorities, information is recorded concerning their date of 

disappearance. All residents in Denmark are obliged to inform the authorities about any 

change of permanent address within 5 days. It is very rare that this mandatory information is 

not reported as failure to supply this information will result in inability to receive 

supplementary benefits (e.g. unemployment, sickness or disablement benefits), to attend day 

nursery, nursery school, and primary and lower secondary school, and to avail of free 

national health care, etc.

Assessment of Degree of Urbanization in Denmark

Denmark is a small ethnically homogeneous country with a population of 5.3 million people 

and a total area of 43,000 km2. Municipalities in Denmark have been classified according to 

degree of urbanization by Statistics Denmark (1997) with population densities for the 

capital, capital suburbs, provincial cities, provincial towns, and rural areas respectively of 

5,220, 845, 470, 180, and 55 people per km2 (Statistics Denmark 1997).

In line with previous studies on schizophrenia (Mortensen et al. 1999; Pedersen and 

Mortensen 2001; Pedersen 2006) and ASD (Lauritsen et al. 2005) performed by our research 

group, both a twelve and five level categorization scheme for degree of urbanization were 

used and we classified residence using both schemes. We assessed ASD rates using the 

twelve-level categorizations, but because no additional information was provided using this 

categorization compared to the five-level categorizations, we present the five-level 

categorizations for both residence at birth and during childhood.

Assessment of Psychiatric Disorder and Parental Age

Children within the study cohort and their parents were linked via their personal identifier to 

the DPCRR in which diagnoses applied during all admissions to psychiatric hospitals since 

1969 and all outpatient contact data since 1995 are registered (Mors et al. 2011). Diagnoses 

are classified according to the International Classification of Diseases (ICD), Eighth 

Revision (ICD-8) and Tenth Revision (ICD-10). Cohort members were classified as having 

an ASD if they had been admitted to a psychiatric hospital or had received outpatient care 

for a diagnosis of ASD (ICD-10: F84.0, F84.1, F84.5, F84.8, F84.9).

Information about the parents of children born in Denmark was derived from the Danish 

Medical Birth Registry (DMBR) (Knudsen and Olsen 1998) which has been computerized 

since 1973 and information about parental age data was obtained from CRS (Pedersen 

2011). Parental age was divided into the three age groups: <35, 35–39, and 40+ years.

Parents were classified as having a history of a mental health disorder if prior to the child's 

birth they had been admitted to a psychiatric hospital or had been in outpatient treatment for 
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any mental health diagnosis according to ICD-8 and ICD-10. This variable was classified as 

yes, no, or missing due to missing information on the identity of the father.

Assessment of Obstetric Factors

We obtained information about birth weight and gestational age at birth from the DMBR 

(Knudsen and Olsen 1998). Gestational age was divided into four groups: <32, 32–36, 37–

40, 41+ weeks, and birth weight was also divided into four groups: ≤2.500, 2.501–3.000, 

3.001–4.000, >4.000 kg.

Statistical Analyses

Individuals within the cohort were followed from their 1st birthday during residence in 

Denmark and for each child, follow-up began after certain eligible criteria were met (e.g. 

alive and resident in Denmark at 1st birthday) and ended on 31 December 2006 or when an 

event occurred, such as diagnosis of ASD, death, or emigration from Denmark. The date 31 

December 2006 was the end date of the previous municipality system in Denmark and was 

chosen because the new system could not be correlated to the old one. For purposes of 

calculating incidence of ASD diagnosis, the date of first diagnosis was defined as the first 

day of the first healthcare contact (inpatient or outpatient) in which an ASD diagnosis was 

given. Current place of residence during childhood was treated as a time-dependent variable 

where each cohort member contributed with person-years at risk corresponding to the time 

lived in each level of urbanization during follow-up. This means that each cohort member 

living in a certain area each year contributed 1 year of risk for an ASD diagnosis in this area, 

and if they moved to different areas prior to the end of follow-up then the cohort member 

contributed with person-years at risk for an ASD diagnosis in different levels of 

urbanization. Using competing risks survival analyses (Andersen et al. 1997; Rosthoj et al. 

2004), we calculated the incidence of an ASD diagnosis at the 10th birthday, taking into 

account migration or death. These analyses were adjusted for sex and were also sub-divided 

according to degree of urbanization of birth residence.

The incidence rate ratios (IRRs) for each outcome were estimated by log linear Poisson 

regression (Breslow and Day 1987; SAS Institute Inc 2008). All IRRs were adjusted for 

calendar period, child's age, and sex, and these are referred to as crude estimates. In addition 

to calendar period, child's age, and sex, further adjustments were made for parental age at 

child's birth, gestational age, birth weight, and parental psychiatric history at birth and these 

are referred to as adjusted estimates. Child's age, calendar period, and current place of 

residence were treated as time-dependent variables (Clayton and Hill 1993), whereas all 

other variables were treated as independent of time. p values and 95 % confidence intervals 

(CIs) were based on the likelihood ratio method (Clayton and Hill 1993).

IRRs for ASD were presented for (1) a child's residence at birth according to different levels 

of urbanization and (2) a child's residence up to diagnosis/end of follow-up where cohort 

members contributed with person-years at risk corresponding to the time lived in each 

degree of urbanization.
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We studied effect-modification on the risk of ASD between residence at birth and residence 

during follow-up by calculating IRRs for children who changed residence between birth and 

end of follow-up within strata that considered both birth and follow-up residences.

We showed the degree of movement by counting the number of moves between the 5 levels 

of urbanization through the whole follow-up for ASD children specifically and for children 

in the total study cohort, calculating the number (the percentages for each column) and 

estimated IRRs (95 % confidence intervals) of children not moving, moving one time, or 

two or more times in these two groups out of the ASD and study population, respectively. 

For the number of people the follow-up times were not necessarily of equal length while this 

was accounted for in the estimated incidence rate ratios. Movements from a certain 

urbanization level to a destination abroad or unknown was not counted as a move, while a 

move back from abroad was only counted for if the child returned to a different level of 

urbanization as the child originally came from.

This study was approved by the Danish Data Protection Agency.

Results

Overall, 857,499 individuals were born in Denmark between 1993 and 2005. Of these, 3,921 

children were diagnosed with ASD before 31 December 2006. The male–female ratio in the 

ASD population was 5:1.

Table 1 shows the cumulative incidences of ASD diagnosis at the 10th birthday for 

covariates used in the study. The cumulative incidence proportion measures the probability 

of being diagnosed with ASD before the 10th birthday taken into account that persons may 

die or emigrate from Denmark; e.g. the estimated probability that a boy having a birth 

weight below 2,500 g was diagnosed with ASD before the 10th birthday was 14.7 (95 % CI: 

12.7–17.1) per 1,000. In addition, a high cumulative incidence of ASD diagnosis was found 

for boys with gestational age below 32 weeks and boys with a parent with a psychiatric 

disorder. The cumulative incidence of ASD was greatest in the capital and capital suburb for 

both boys and girls and ASD incidence decreased with decreasing level of urbanization.

In Table 2, IRRs are presented for a diagnosis of ASD and 1) a child's residence at birth 

according to different levels of urbanization and 2) a child's residence up to diagnosis/end of 

follow-up. For both residence at birth and follow-up, diagnosed ASD incidence (both crude 

and adjusted) increased with increasing level of urbanization showing a dose–response 

relationship with increasing degree of urbanicity.

When we evaluated the potential effect-modification on the risk of ASD between residence 

at birth and residence during follow-up with children who were both born in and resided in a 

rural area during childhood chosen as the reference category, a dose–response association in 

risk of ASD with level of urbanicity was observed among children with the same urbanicity 

level of residence at birth and follow-up, shown on the diagonal in Table 3 with bold 

numbers (Table 3).
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For example, children born in and residing in the capital suburb had an IRR of 1.80 

indicating an 80 % increase in the rate as compared to children both born and residing in 

rural areas whereas children with residence at birth and residence at follow-up in provincial 

towns had an IRR of 1.26 relative to the rural group. We observed the highest IRRs of ASD 

for two groups of children, namely children who were both born and currently residing in 

the capital and children who were born in rural areas and were subsequently residing in the 

capital; IRRs for these two groups were 3.04 and 6.37, respectively. Any change of 

residence after birth for children born in the capital resulted in a marked decreased IRR for 

ASD. In addition, when comparing the diagonal IRRs to IRRs in the same row (which 

comprises children who change urbanicity level of residence from birth during follow-up) a 

tendency towards the diagonal IRRs most often being the lowest is seen. For example, for 

children born in provincial towns who did not change residence during follow-up, an IRR of 

1.26 was found which was generally lower than the IRRs of children with residence at birth 

in provincial towns who moved to another urbanicity level. This tendency for lower 

diagonal IRRs compared to most of the other IRRs in the same row may be indicative of 

increased IRRs if the child not born in the capital changed level of urbanization after birth 

no matter whether it was to a higher or lower level of urbanicity.

Table 4 shows the same trend in a more simple way with place of residence categorized as 

lower, higher or the same level of urbanicity compared to residence at birth. Compared to 

the IRRs for children with same level of urbanicity for birth residence as place of residence 

during follow-up, we found higher IRRs for children who moved to either lower or higher 

level of urbanicity. For example, children residing in provincial towns at birth and residing 

there until ASD diagnosis or the end of follow-up had a lower IRR of 1.26 (as mentioned 

above) compared to children residing in provincial towns at birth and moving to a higher or 

lower level of urbanicity during upbringing which had IRRs of 1.95 and 1.39, respectively. 

Typically, however, the highest IRRs for children born in capital suburbs, provincial cities 

or provincial towns tended to be among children who moved to a higher level of urbanicity. 

The significant drop in IRR for children who were born in the capital and moved to a lower 

level of urbanicity and the significant increase in IRR for children who were born in the 

rural area and moved to a higher level of urbanicity is also apparent in Table 4.

Table 5 shows the number of moves for ASD children specifically and for all children in the 

total study cohort including IRRs, and the table supported the hypothesis of an increased risk 

associated with change of degree of urbanization. In fact, the more changes in degree of 

urbanization during childhood, the higher the risk of ASD (Table 5).

Figure 1 shows the effect of place of birth by child's age during follow-up and Fig. 2 shows 

the effect of residence of birth on ASD risk subdivided by birth year. In both figures, the 

highest IRRs were found in the capital and capital suburb. For all ages, the higher the degree 

of urbanization of place of birth, the higher the risk of ASD (Fig. 1). Similarly, for all birth 

years, the higher the degree of urbanization of place of birth, the higher the risk of ASD 

(Fig. 2). However, these differentials were greatest for children diagnosed at young age and 

in the most recent birth years. Figure 3 shows the effect of current place of residence by 

calendar year of diagnosis, and at all times the highest IRR was found in the capital and 
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capital suburb. Also, the trends over calendar time in IRRs for the different degrees of 

urbanization of place of residence were very similar.

Discussion

This study showed that the risk of ASD was positively associated with residence at birth as 

well as residence in childhood; the higher degree of urbanization of both residence at birth 

and during childhood, the higher the risk of ASD. This dose–response association was 

robust for all age periods and calendar year periods, especially in children diagnosed at the 

youngest ages and born in the most recent birth years. In addition, a trend towards a higher 

risk of ASD for children changing level of urbanicity between birth and the end of follow-up 

compared to children with the same urbanicity level of residence at birth as current 

residence was suggested. A notable exception to this pattern was children born in the highest 

level of urbanicity (capital) who had a marked decreased risk for ASD if they moved to a 

lower level of urbanicity after birth.

Our finding of very young children who were born in the capital having a higher risk of 

being diagnosed with ASD has been found previously by others (Mandell et al. 2005; 

Fountain et al. 2011) and it may indicate more awareness or attention to the disorder or that 

better or more readily accessible diagnostic and medical services are available in the urban 

areas. Kalkbrenner et al. (2011) addressed this issue in a population-based design and found 

that the median age at ASD diagnosis was lower for children living in areas with more 

psychologists and specialist physicians including neurologists and psychiatrists in contrast to 

areas with many primary care physicians.

Urbanicity at birth or in childhood may serve as a proxy for other factors influencing the risk 

of ASD. The high IRRs found in our study for children born in the capital and capital suburb 

could support the hypothesis of environmental agents acting during pregnancy or early in 

life of the child affecting the risk for ASD, such as infections or air pollutants containing 

neurotoxic or immunotoxic properties, a hypothesis that has been investigated by 

Kalkbrenner et al. (2010). To date, however, there is little evidence for the influence of such 

environmental pollutants including specific agents on the development of ASD 

(Kalkbrenner et al. 2010). Our finding of an increased risk of ASD in urban areas compared 

to rural areas is in accordance with findings from studies of geographically and ethnically 

diverse areas such as Japan (Hoshino et al. 1982), Taiwan (Chen et al. 2008), and the United 

States (Rosenberg et al. 2009). Furthermore, in a systematic review of prevalence studies of 

ASD, Williams et al. (2006) found an association between urban residence of the child and 

ASD. In the study from Taiwan (Chen et al. 2008) the urban/rural differences in risk of ASD 

have been suggested to be due to insufficient access to and availability of health care 

services. Another research group also found higher rates of ASD in urban areas compared to 

rural areas (Palmer et al. 2006), and they suggested that some unidentified socio-cultural 

factors related to ethnicity were involved in differences in rates of ASD.

The finding of the lowest risk of ASD in rural areas may be in concordance with the 

“hygiene hypothesis” first proposed by Strachan (1989) in the field of allergic diseases. The 

hypothesis had its origin in studies showing decreased incidence or risk of allergic diseases 
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in rural, farming communities. For ASD, the explanatory mechanism could be a protective 

effect of living in rural areas because of exposure to allergens like e.g. farm animal contact 

stimulating the immune system.

While we did not have data to directly assess the specific factors contributing to increased 

risk of ASD among children born or residing in urban areas compared to rural areas, our 

data indirectly point to identification rather than etiologic explanations. If the primary 

explanation for the increased risk of ASD among children born in the most urbanized areas 

were etiologic, we would not expect post-birth migrations to have much influence on ASD 

prevalence and this is not the case in our study. We found the highest IRRs among children 

who moved to a higher level of urbanicity compared to children not moving when we look 

at children born in capital suburbs, provincial cities, or provincial towns, and particularly we 

found a high IRR of 6.37 for children born in rural areas who subsequently moved to urban 

areas (Table 2). With respect to etiologic factors involved in ASD, evidence from numerous 

past studies, however, points to the perinatal period (or before) as the likely key exposure 

time frame for environmental etiologic risk factors for ASD (Kolevzon et al. 2007; Gardener 

et al. 2009, 2011).

The finding of higher IRRs for children moving to a higher level of urbanicity compared in 

particular to children moving to a lower level of urbanicity (Table 3) could further support a 

hypothesis of identification factors involved with different access to or availability of health 

services corresponding to the different levels of urbanicity, a hypothesis that has been 

further studied by Mazumdar et al. (in press). The movement patterns for some families 

might also be related to the need for diagnostic and treatment services for a child who 

appears developmentally delayed where the child and/or the family with ASD may not be 

optimal functioning and as a consequence may move to another area with better services. 

Such services are more available in urbanized than rural areas. Socio-cultural factors 

affecting the risk of being diagnosed with ASD, such as differences in awareness 

corresponding with different level of urbanicity may also explain some of our observed 

findings. In summary, the fact that post-birth migrations were in some cases more strongly 

associated with ASD than urbanicity level at birth, plus the drop in risk associated with 

movement out of the urban area after birth, is suggestive of an identification effect.

Strengths of our study include the population-based design, the large sample size, and the 

ability to analyze child's residence at different points in time by use of the Danish registers. 

However, although the analyses have been corrected for calendar year, the results need to be 

interpreted with caution as the data analyzed are from a period during which the incidence of 

autism was increasing.

An urban–rural geographic gradient has been detected for other psychiatric disorders than 

ASD, e.g. schizophrenia, bipolar affective disorder, and depression (Sundquist et al. 2004; 

Pedersen and Mortensen 2006; Vassos et al. 2012). Explanations for these findings include 

some of the same hypotheses as has been suggested for ASD. The research in the field of 

urbanicity will benefit from comparing the associations found for different psychiatric 

disorders in order to detect specific causal or non-etiologic mechanism increasing the risk of 

the different disorders.
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We were not able to investigate the influence of socioeconomic factors on the associations 

presented here. However, past studies have shown that in Denmark, ASD prevalence is not 

as variable across SES groups as has been observed in more heterogeneous countries such as 

the United States (Larsson et al. 2005; Durkin et al. 2010; Thomas et al. 2012). In Denmark, 

due to the organization of the health care system there is not a large differential in access to 

health services between different socioeconomic groups. Nonetheless, we cannot rule out 

potential SES effects entirely as care-seeking behavior and residential mobility might differ 

between different social groups in Denmark.

In contrast to other studies investigating geographic variation in the occurrence of ASD, we 

used a classification of geographic variation that only allowed us to study conditions that 

could be described from the density of population size throughout Denmark. We were, 

therefore, unable to pinpoint certain geographical areas where the risk of ASD was greater 

which could facilitate the identification of environmental factors acting in that specific area.

In conclusion, the incidence of ASD varies across an urban–rural gradient in Denmark. Both 

residence at birth and residence later in childhood are associated with diagnosis of ASD, and 

with the exception of children residing in the most urbanized area at birth (the capital), post-

birth migration was even more strongly associated with a subsequent ASD diagnosis. Thus, 

associations with residence may reflect the impact of identification factors on geographic 

variation in ASD incidence although we cannot rule out the influence of etiologic factors as 

well. Our findings also support the notion that children with ASD residing in less populated 

areas might be at risk for a later diagnosis compared to children living in more densely 

populated areas. Further studies are needed to more fully understand the possible influences 

of both identification and environmental factors underlying geographic variation in ASD.
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Fig. 1. 
Incidence rate ratio of Autism Spectrum Disorders (ASDs) according to the degree of 

urbanicity of residence at birth and age during follow-up. Vertical lines indicate 95 % 

confidence intervals. Adjustment has been made for age, sex, calendar period, maternal and 

paternal age, gestational age, birth weight, and parental psychiatric history at birth
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Fig. 2. 
Incidence rate ratio of Autism Spectrum Disorders (ASDs) according to the degree of 

urbanicity of residence at birth and birth year. Due to a low number of observed cases of 

ASD in the rural area in birth year 2003, 2004, and 2005, they were grouped into one 

category. Vertical lines indicate 95 % confidence intervals. Adjustment has been made for 

age, sex, calendar period, maternal and paternal age, gestational age, birth weight, and 

parental psychiatric history at birth
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Fig. 3. 
Incidence rate ratio of Autism Spectrum Disorders (ASDs) according to the degree of 

urbanicity of place of residence and calendar year of diagnosis. Due to a low number of 

observed cases of ASD in the rural area in birth year 1994, 1995, and 1996, they were 

grouped into one category. Vertical lines indicate 95 % confidence intervals. Adjustment has 

been made for age, sex, calendar period, maternal and paternal age, gestational age, birth 

weight, and parental psychiatric history at birth
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Table 1

Cohort distribution in numbers (percentages) and sex-specific cumulative incidence of Autism Spectrum 

Disorders (ASDs) by study characteristics

Covariate Distribution ASD
a Distribution all births Cumulative incidence

a
 at age 10 

years, boys
Cumulative incidence

a
 at age 

10 years, girls

Sex

 Girls 652 (16.6) 417,666 (48.7) – 2.1 (1.9–2.3)

 Boys 2,169 (83.4) 439,833 (51.3) 11.0 (10.6–11.4) –

Birth weight (kg)

 ≤2.5 286 (7.3) 41,380 (4.8) 14.7 (12.7–17.1) 4.2 (3.2–5.4)

 2.501–3.0 543 (13.8) 99,648 (11.6) 13.2 (12.0–14.7) 2.5 (2.1–3.1)

 3.001–4.0 2,338 (59.6) 508,603 (59.3) 10.5 (10.0–11.0) 1.9 (1.7–2.1)

 >4.0 687 (17.5) 133,658 (15.6) 10.4 (9.5–11.4) 1.7 (1.3–2.3)

 Missing 67 (1.7) 74,210 (8.7) 10.9 (8.2–14.5) 3.7 (2.0–6.9)

Gestational age (weeks)

 <32 57 (1.5) 6,702 (0.8) 17.9 (13.3–24.3) 2.3 (0.9–5.6)

 32–36 41,690 (6.0) 41,690 (4.9) 11.9 (10.2–13.9) 2.7 (1.9–3.9)

 37–40 2,527 (64.4) 527,838 (61.6) 10.8 (10.3–11.3) 2.1 (1.9–2.3)

 41+ 1,049 (26.8) 210,588 (24.6) 11.1 (10.3–11.9) 1.9 (1.6–2.3)

 Missing 54 (1.4) 70,681 (8.2) 9.2 (6.4–13.2) 4.1 (2.3–7.2)

Maternal age (years)

 <35 3,322 (84.7) 735,491 (85.8) 10.7 (10.3–11.1) 2.0 (1.8–2.2)

 35–39 508 (13.0) 106,187 (12.4) 12.6 (11.4–14.1) 2.9 (2.3–3.7)

 40+ 91 (2.3) 15,821 (1.8) 14.6 (11.3–18.9) 3.7 (2.2–6.1)

Paternal age (years)

 <35 2,626 (67.0) 603,891 (70.4) 10.3 (9.8–10.7) 1.8 (1.6–2.0)

 35–39 795 (20.3) 169,009 (19.7) 12.5 (11.5–13.6) 2.4 (2.0–3.0)

 40+ 462 (11.8) 80,115 (9.3) 13.3 (11.9–14.9) 3.7 (3.0–4.5)

 Missing
b 38 (1.0) 4,484 (0.5) 18.5 (12.2–27.8) 3.3 (1.4–7.9)

Parental psychiatric history at birth

 No 3,544 (90.4) 799,668 (93.3) 10.5 (10.0–10.9) 2.1 (1.9–2.2)

 Yes 325 (8.3) 50,490 (5.9) 20.8 (18.2–23.7) 3.2 (2.3–4.5)

 Missing
c 52 (1.3) 7,341 (0.9) 17.1 (12.0–24.3) 2.3 (0.9–5.5)

Residence at birth

 Capital 929 (23.7) 125,478 (14.6) 17.7 (16.3–19.1) 4.1 (3.5–4.8)

 Capital suburb 648 (16.5) 114,571 (13.4) 13.9 (12.6–15.2) 2.7 (2.2–3.3)

 Provincial city 466 (11.9) 108,948 (12.7) 10.8 (9.8–12.1) 1.9 (1.4–2.4)

 Provincial town 933 (23.8) 233,460 (27.2) 9.7 (9.0–10.5) 1.7 (1.4–2.0)

 Rural area 945 (24.1) 275,042 (32.1) 8.1 (7.5–8.8) 1.5 (1.2–1.8)

a
Estimated cumulative incidence of ASD for 1,000 children (95 % confidence intervals) calculated in competing risk survival analyses

b
Age of father unknown
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c
Father unknown
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Table 2

Incidence rate ratios (IRRs) (95 % confidence intervals) for Autism Spectrum Disorders according to level of 

urbanization

Level Residence at birth Current place of residence

Crude
a
 IRR Adjusted

b
 IRR Crude

a
 IRR Adjusted

b
 IRR

Capital 2.35 (2.15–2.57) 2.28 (2.09–2.50) 2.96 (2.69–3.25) 2.85 (2.59–3.13)

Capital suburb 1.67 (1.51–1.85) 1.64 (1.49–1.81) 1.73 (1.57–1.91) 1.71 (1.55–1.88)

Provincial city 1.28 (1.14–1.43) 1.28 (1.14–1.42) 1.31 (1.16–1.47) 1.30 (1.15–1.46)

Provincial town 1.17 (1.07–1.28) 1.16 (1.06–1.27) 1.31 (1.20–1.43) 1.30 (1.19–1.42)

Rural area 1.00 (Reference) 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)

a
Adjustment has been made for age, sex, and calendar period

b
Adjustment has been made for age, sex, calendar period, maternal and paternal age, gestational age, birth weight, and parental psychiatric history 

at birth
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Table 3

Adjusted incidence rate ratios (95 % confidence intervals) for Autism Spectrum Disorders (ASDs) by 

residence at birth and current place of residence including percent of total cases of ASD and person year

Residence at birth Current place of residence

Capital Capital suburb Provincial city Provincial town Rural area

Capital

 % Cases 18.57 3.19 0.08 1.12 0.74

 % Person year 9.48 2.26 0.13 0.91 0.93

 IRR (95 % CI) 3.04 (2.74–3.36) 1.92 (1.58–2.31) – 1.64 (1.19–2.19) 1.02 (0.69–1.45)

Capital suburb

 % Cases 0.59 13.95 0.13 0.89 0.97

 % Person year 0.29 11.78 0.07 0.53 0.77

 IRR (95 % CI) 2.72 (1.74–4.02) 1.80 (1.61–2.01) – 2.25 (1.57–3.10) 1.63 (1.16–2.23)

Provincial city

 % Cases 0.18 0.08 9.08 1.05 1.50

 % Person year 0.11 0.10 10.28 0.66 1.45

 IRR (95 % CI) – – 1.36 (1.20–1.55) 2.21 (1.59–2.98) 1.40 (1.06–1.80)

Provincial town

 % Cases 0.23 0.41 0.46 19.89 2.81

 % Person year 0.17 0.28 0.32 24.13 2.69

 IRR (95 % CI) – 1.97 (1.15–3.12) 1.95 (1.18–3.02) 1.26 (1.14–1.39) 1.39 (1.13–1.69)

Rural area

 % Cases 0.48 0.38 0.43 3.37 19.43

 % Person year 0.10 0.23 0.44 2.21 29.66

 IRR (95 % CI) 6.37 (3.90–9.75) 2.20 (1.26–3.53) 1.34 (0.79–2.09) 2.09 (1.73–2.51) 1.00 (Reference)

Adjustment has been made for age, sex, calendar period, maternal and paternal age, gestational age, birth weight, and parental psychiatric history at 
birth

– indicates less than 10 observed cases of ASD in the category and hence the estimates are uncertain

In bold are shown the adjusted incidence rate ratios including 95 % confidence intervals for children with the same urbanicity level of residence at 
birth and follow-up
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Table 4

Adjusted incidence rate ratios (95 % confidence interval) for Autism Spectrum Disorders for change of 

urbanization

Residence at birth Residence after birth

Lower Same level of urbanicity as at the time of birth Higher

Capital 1.62 (1.38–1.89) 3.04 (2.74–3.36)

Capital suburb 1.91 (1.50–2.40) 1.80 (1.61–2.01) 2.72 (1.74–4.02)

Provincial city 1.65 (1.33–2.02) 1.36 (1.20–1.55) 1.69 (0.84–2.97)

Provincial town 1.39 (1.13–1.69) 1.26 (1.14–1.39) 1.95 (1.41–2.62)

Rural area 1.00 (Reference) 2.14 (1.81–2.51)

Adjustment has been made for age, sex, calendar period, maternal and paternal age, gestational age, birth weight, and parental psychiatric history at 
birth
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Table 5

Number (percent of total cases) of moves between the 5 levels of urbanization and incidence rate ratios (IRRs) 

of Autism Spectrum Disorders (95 % confidence intervals for each child in the follow–up period)

Number of moves ASD (%) Total (%) Crude IRR
a

Adjusted IRR
b

0 3,209 (81.84) 718,799 (83.83) 1 1

1 531 (13.54) 105,865 (12.35) 1.26 (1.15–1.38) 1.26 (1.15–1.39)

2+ 181 (4.62) 32,835 (3.83) 1.61 (1.38–1.87) 1.57 (1.34–1.82)

a
Adjustment has been made for age, sex, and calendar period

b
Adjustment has been made for age, sex, calendar period, maternal and paternal age, gestational age, birth weight, and parental psychiatric history 

at birth
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