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POPULAR SCIENCE SUMMARY OF THE THESIS 

Autism is an umbrella term for conditions different in their origins and manifestations. 

Autistic individuals show common characteristics such as difficulties related to social 

communication and interaction paired with restricted and repetitive behaviours and interests. 

There are more than 52 million autistic people in the world today. While previously 

considered to be rare, it is nowadays recognized to be one of the most prevalent 

neurodevelopmental conditions. During the last eighty years, since the term autism was 

introduced to the scientific and clinical practice, our understanding of autism has evolved 

substantially. The concept and the definition of the condition, as well as the way we talk and 

deal with challenges that autistic people face has changed. The differences and difficulties of 

autistic people may influence educational performance, and overall wellbeing. However, 

educational outcomes and psychiatric problems in the autistic population today are not well 

characterized. Many autistic students with normal intellectual ability attend mainstream 

schools worldwide, and a clear understanding of their outcomes is needed to implement 

adequate support. Self-harm is common, potentially fatal, and may have specific features and 

determinants in autistic individuals. However, autism is not widely recognized as a group at 

risk for suicide that should receive full attention when seeking medical help. 

 

This thesis utilized the rich data derived from a range of national and regional registers in 

Sweden to investigate two critical outcomes in early adulthood in autistic individuals. We 

explored and evaluated today’s educational practice by objectively measured indicators of 

educational attainment at the end of the first two milestones in the educational pathway, 

compulsory/primary and lower secondary (Study I) and secondary education (Study III) in 

regular schools in Stockholm. In the studies II and IV we investigated self-harm in autistic 

individuals and if and how these behaviours compare to those who harm themselves in the 

non-autistic population. Study IV investigated the role that self-harm may play for its most 

fatal consequence, suicide death in autistic individuals. 

In the studies I and III autistic students were more likely to demonstrate substantially lower 

educational outcomes than their non-autistic peers in both qualification for (study I) and 

completion of (study III) secondary mainstream school in Stockholm. In study II we found 

the likelihood of engaging in self-harm in autistic individuals to be as high as in individuals 

with depression, anxiety disorder and attention deficit hyperactivity disorder, all 

acknowledged to be groups at high risk of self-harm. In study IV, we confirmed previous 

findings of strong association between self-harm and suicide death. We also found a 

markedly higher risks of suicide after self-harm in autistic compared to non-autistic self-

harmers.  

Overall, the results of the studies in this thesis, suggest that autistic individuals are at risk of 

adverse outcomes, including difficulties in achieving formal educational requirements for 

further schooling and work, self-harm, and suicide in early adulthood. The thesis increases 

our understanding of today’s practice of education of autistic students without intellectual 



disability, points out that students are not owners of the problem, and that society must invest 

in sufficient adaptations to meet the specific educational needs of autistic students to 

strengthen the inclusive agenda. The thesis also emphasizes the necessity of increased public 

health interventions, clinical awareness and medical care in respect to autistic adolescents and 

young individuals who seek medical help for self-harm.  

  



 

 

ABSTRACT 

Autism is one of the most prevalent neurodevelopmental conditions worldwide, and autistic 

individuals face challenges in daily functioning related to differences and difficulties in social 

interaction and communication along with intense interests and behaviours. In the past, this 

heterogenous and common condition was considered to be rare. Outcomes in education and 

mental ill-health are not fully understood in the more recent cohorts.  

This thesis investigates two domains of outcomes in young autistic individuals: educational 

performance, focusing on compulsory/primary and upper secondary mainstream schooling in 

autistic students without intellectual disability in study I and study III; and self-harm 

behaviours including their characteristics and link with suicide in studies II and IV.  

All four studies in this thesis are observational, prospective, register-based total-population 

cohort studies. Studies I-III utilize rich data collected in Stockholm Youth Cohort, a total 

population cohort of children aged 0 – 17 years resident in Stockholm County in Sweden, 

from 2001 to 2011 (N = 736,180). A range of national and regional records were linked using 

personal identification numbers that are assigned to every Swedish resident. In Study IV we 

linked the Total Population Register to four longitudinal, nationwide, registers in Sweden: 

The Multi-Generation Register, The Longitudinal Integration Database for Occupational 

research, and The Cause-of-Death Register, and identified study population of adolescents 

and younger adults born between 1984-2009. We follow-up this population (N = 2,822,789) 

until December 31st, 2021, when the oldest study participants were aged 37 years. 

 In Study I we observed a significantly lower proportion of autistic students (57 %; p < 0.05) 

meeting eligibility criteria for upper secondary education as compared to their non-autistic 

peers (86 %; p < 0.05). At the end of secondary mainstream school (Study III) autistic 

students were almost three times less likely to complete the school (OR 2.9 [95 % CI 2.70; 

3.15]) compared to their non-autistic peers. In both studies females and students with co-

occurring attention deficit hyperactivity disorder were at particularly high risks of adverse 

outcomes. Study II observed discrepancies between self-harm, sufficiently severe to lead to 

hospitalization: nearly 3 % of autistic individuals had been hospitalized at least once for self-

harm between the ages of 10 and 27 years, compared with 0.8 % of their non-autistic peers. 

In study IV, autistic individuals with a record of self-harm were found to be at substantially 

higher risk of suicide (HR 22.9 95 % CI [19.5 - 26.9]) than both non-autistic self-harmers HR 

16.2 95 % CI [14.9 - 17.5] and autistic individuals who did not engage in self-harm (HR 1.8 

95 % CI [1.5 - 2.1]), as compared to non-autistic individuals without a record of self-harm. 

The findings of this thesis suggest that autistic students without intellectual disability 

attending mainstream education in Stockholm (compulsory and upper secondary) are at a 

higher risk of low educational attainment in terms of formal requirements for continuation of 

schooling or work. Autistic females and students with co-occurring attention deficit 

hyperactivity disorder are particularly sensitive to this underachievement.  



Autism was associated with increased risk of self-harm independently of comorbid ADHD, 

depression and anxiety disorders, and the likelihood of self-harm in autism was as high as in 

these conditions. Choice of methods used to self-harm by autistic, may be more lethal that 

those used by non-autistic individuals. Self-harm in autistic individuals conveys particularly 

increased risk of consecutive suicide, even more so than in non-autistic peers. Together, these 

findings indicate that self-harm which is an important predictor of suicide in the general 

population, should be a matter of great clinical concern if present in young autistic 

individuals, and that the needs of autistic self-harmers should be included in clinical 

guidelines and risk assessment processes. 
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1 INTRODUCTION 

 

The focus of this thesis is to determine two critical outcomes in the growing population of 

individuals diagnosed with autism in Sweden. In recent decades, the number of individuals 

diagnosed with autism has increased worldwide1 2. While the causes of this increase are not 

fully understood, it co-occurs with comprehensive societal changes following the shift to an 

information-based economy, including rising demands on socioemotional and cognitive 

functions in the labour market. This increasing demand is also mirrored by a changed 

educational policy, that now advocate inclusion of children with disabilities, including those 

with neurodevelopmental conditions such as autism, in mainstream schooling. In this setting, 

it is crucial to clarify to what extent educational attainments and suicidal behaviour, two 

closely interlinked outcomes that are essential determinants of future life chances and health, 

differ between autistic individuals and their typically developing peers. Overall, my thesis, 

aims to inform the debate on a possible over-diagnosis of autism as an explanation of the 

sharp rise of this diagnosis, and more importantly, on whether there is a need for policy 

reforms to strengthen educational and health care support for children and young people on 

the autistic spectrum.  

1.1 WHAT TERMINOLOGY SHOULD WE USE WHEN TALKING ABOUT 
AUTISM: “AUTISTIC PERSON” OR “PERSON WITH AUTISM”? 

Since the first time the autistic condition was presented by Grunya Sukhareva3 1920s as a 

unique concept we know today as “autistic pathological avoidant psychopathy”, and two 

decades later when this condition was acknowledged in the scientific writings of Leo Kanner4 

and Hans Asperger5, the way we refer to autism has evolved both in the scientific/clinical and 

more broadly in the public debates6. The official clinical and research authorities have during 

this period recategorized autism six times, and concurrently with this development the 

disability rights movement (and neurodiversity movement) shifted the public perspective and 

discussion focus from disability and impairment to the more inclusive concept of 

neurodiversity. This was a part of the struggle for human rights and against the inequalities 

and stigma faced by autistic people and their families. Some autistic advocates point out that 

autism is “essential” to the way they are and not “something bad” that should be divided from  

the person him / herself 7. Indeed, how we use language may maintain and induce stigma and 

ableism (i.e. the assumption that disabled people are inferior to nondisabled people)8; The 

way the terminology is used in the scientific writing has, thus changed over the years and the 

suggestion to use “person first language “ shifted to using what is “appropriate given the 

context, such as the preference of participants themselves” 9.   

In this thesis, the ongoing debate about terminology regarded autism is acknowledged, and 

also the preference of many, although not all, autistic individuals and their families9, by using 

the “identity-first language”. Therefore “autistic person” and “autistic people” are used 

instead of “person/people with autism” throughout this thesis. 



 

2 

Studies I and III investigate the formal, educational attainment of autistic students 

without intellectual disability in mainstream school in Sweden. We acknowledge the 

complexity of phenomena and meanings of terms such “mainstream” education, “inclusive 

(full and partial) education”, “inclusion”, but since explicit aim of this thesis is not the 

discourse, history or definitions in this field, these terms are used interchangeably. 

  This literature review details the background and state of the art of the four studies 

founding this thesis, respectively focusing on compulsory (primary) and upper secondary 

school outcomes (study I and III), self-harm (study II) and the link between self-harm and 

suicide (study IV) in autism.  

The original papers are named in roman numbers I-IV throughout the text and are 

appended in the end of the comprehensive summary after the references. 
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2 LITERATURE REVIEW 

 

2.1 AUTISM 

Autism is a spectrum of heterogenous, complex, behaviourally defined neurodevelopmental 

conditions characterized by atypical sociability and restricted/repetitive patterns of 

behaviours and interests10. Clinical presentations vary from mild to severe autistic symptoms, 

and according to co-occurring neurodevelopmental, psychiatric, and medical conditions2 11 12. 

Autism encompasses individuals presenting a spectrum of intellectual abilities, from 

profound mental retardation to exceptionally high ability. Recent estimates indicate that 30 % 

of the autistic population has co-occurring intellectual disability (ID)2. Autism is considered 

to account for substantial health loss across the life span, and globally accounted for 92 

DALYs (disability-adjusted life-years) per 100 000 population in 201913. Although estimates 

vary over the existing research, most studies report high rates of co-morbid psychiatric 

disorders in autistic individuals, for example life-time depression (47 %), anxiety (54 %) and 

attention deficit hyperactivity disorder (ADHD, 65 %), according to a recent systematic 

review14. Heightened prevalence of other psychiatric conditions may be both due to shared 

genetics but may as well be the consequence of challenges autistic individuals deal with due 

to core problems of autism15. Medical treatment for autistic core problems is not available, 

and they impact on individuals and their families over the life-course who often need societal 

support6.  

2.2 OUTCOMES IN AUTISM  

Successful social, educational, residential, and vocational outcomes are milestones that when 

not achieved may lead to social exclusion, low self-esteem, sense of inferiority, mental health 

problems and suicidal ideation and potentially suicidal acts16 17. Studies on outcomes have 

ability to increase our understanding of prognosis and potentially help us act in order to 

mitigate adverse consequences of conditions such as autism. Moreover, increasing concerns 

about long-term outcomes due to economic costs18 strengthen the need for outcome research. 

Findings on outcomes may profoundly affect how we view autism and its boundaries and 

shift societal perspective from ”deficiency of hopeless prognosis and institutionalization as 

the outcome”19 to acknowledge the potential of autistic individuals as resource. Furthermore, 

autistic communities have expressed preferences regarding priorities in research of autism 

and have called for research that address day-to-day living, services, and support20. Instead of 

research focusing on prevention of potential future cases, their primary concern was how the 

millions of existing autistic people may be further supported to overcome challenges. 

Previous research has attempted to pursue these objectives21-27. However, the  criteria used to 

identify outcomes of interest were in the early studies ” vague and unreliable”24 and do not 

mirror the population diagnosed today. More recent studies face the persisting problem of 

defining outcome measures for understanding unique features and needs of autistic 

individuals to improve feasible adjustments in educational and mental health care settings28. 

The approach in this work was to elucidate formal educational attainment in the first two 
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steps of student´s educational path. Regarding mental-health challenges self-harm and suicide 

may both serve as undeniable proxy of adverse outcomes and were identified as domain of 

great importance in this thesis. 

2.2.1 Education  

In the life of any individual, education is a critical step, and there is ample evidence that 

scholastic achievement sets the stage for future life chances and outcomes 29 30.  Educational 

achievement is consequently associated with a range of health as well as socio-economic 

outcomes 31 32. This is true also for psychiatric outcomes, and studies on the general 

population have demonstrated that poor academic performance at the end of compulsory 

education predicts adverse consequences such as depression33 and suicidal behaviours 34 35 36 

in the adulthood. Hence the investigation of educational outcomes in relation to autism is of 

utter public health relevance.  

2.2.2 Self-harm   

There is not any existing, precise, and universally accepted and implemented classification 

system of suicidal behaviour. Suicidologists have suggested that inclusion of a new category 

of suicidal behaviour disorder should be introduced in DSM 6 (Diagnostic and Statistical 

manual), since heterogenous nomenclature has hampered interpretation, and comparison of 

the studies over the past37. Generally, suicidal behaviours include multiple phenotypes that 

may result in ending one’s own life, and some authors discuss this as “the suicidal 

spectrum”34. The terminology of suicidal behaviors commonly used includes 1. suicidal 

ideation (any thoughts of ending one’s life), 2. suicidal planning (having a clear plan of 

ending one´s life), 3. suicide attempt (self-injurious, non-fatal behaviours with inferred or 

actual intent to die), and 4. suicide (the event when a person purposefully ends his or her own 

life)38.  

Authors from North America have proposed distinction between suicidal behaviours and 

non-suicidal self-injury (NSSI) arguing that there is a qualitative difference that needs 

different approaches in support/planning. NSSI are acts of self-injury with the intent to harm 

oneself but without any intent to die38-40.  

The type of NSSI that tend to be highly repetitive are self-injurious behaviours or self-

mutilation (deliberate, direct destruction or alteration of one's body tissue without conscious 

suicidal intent), and encompass cutting, bruising, burning, head banging or biting 41. These 

are reported in non-autistic populations to be motivated by achieving relief from negative 

mood states or distress, or attraction of care/attention from other people. Although not 

considered suicidal in their intention originally, there is a strong link between self-injurious 

behavior and consecutive suicide in non-autistic populations37.  

Surprisingly, self-injurious behaviours in autism have, historically been attributed to the 

diagnosis of autism itself, potentially underestimating additional psychopathology 

(overshadowing psychiatric morbidity or/and suicidal intent) in individuals on the autistic 

spectrum.  
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The point of departure of this thesis, according to European research tradition, is the broader 

umbrella term of self-harm as an overarching concept. Self-harm is defined as intentional 

self-poisoning or self-injury, regardless of the motive or suicidal intent, and includes a 

continuum of behaviours from non-suicidal self-injury to completed suicide. Although 

different forms of suicidal behavior have unique characteristics and need specific strategies to 

be assessed and treated, they share key-features and are closely entwined. Here I address the 

outcome of hospitalization for self-harm in autism, regardless of intent  any self-harm severe 

enough to lead to such secondary care is an event of great relevance. In-depth knowledge on 

risk factors, as well its association to suicide, of this outcome is crucial for treatment and 

prevention. 

2.2.3 Suicide   

 Self-harm (as defined above) and its most catastrophic form, suicide, is one of the main 

public health concerns worldwide42. Suicide is fourth most common cause of death in 15-24 

year olds, globally 42. Suicide ideation and suicidal planning have estimated life course 

prevalence of approximately 9.1 % and 3.1 %, respectively43. The suicidal process among 

adolescents has been described as an  “iceberg model”, encompassing that “fatal self-harm 

(i.e., suicide), which is an overt but uncommon behavior (the tip of the iceberg); self-harm 

that results in presentation to clinical services, especially general hospitals, which is also 

overt, but common; and self-harm that occurs in the community, which is common but 

largely hidden (the submerged part of the iceberg)” 44 45. Although suicide risk is determined 

by comprehensive models of distal (cultural context and access to lethal means and methods) 

and proximal factors (genetics, personal traits, and socio-economic, including educational, 

adversities), psychiatric disorder is a particularly important risk factor that also is potentially 

amenable. In fact, large number of the psychiatric disorders have been found to be associated 

with an increased suicide risk, and 90 % of individuals who die of suicide have had a 

psychiatric disorder46. It is also true that only a small minority of individuals with psychiatric 

disorders will eventually die due to suicide47. Surprisingly, autistic condition have not been 

included in classical studies in suicidology as other psychiatric conditions have, moreover 

autistic subjects were explicitly excluded in previous such studies 48.   

During the last decade, a shift regarding suicidality research in autism occurred. Raja and 

colleagues49 concluded in 2011 that their study was the first known to investigate suicidality 

in autistic adults, some ten years later, there is a substantially increased evidence in the field 

of suicidal process in autistic population50-55.  Although alarming reports of all steps of the 

suicidal process (from suicidal ideation to suicide) autistic health care needs in this respect 

have not been fully established in the most recent suicide prevention guidelines.  

2.2.4 Education and autism 

Information on formal educational outcomes in autism is largely missing. This lack mirrors 

an unfortunate lag in research, and the fact that the earlier cohorts of autistic children never 

attended mainstream schooling with formal curriculum, when instead institutional care was 
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common. In fact, according to the systematic review by Levy and Perry, “school attendance 

and completion was rare” and may have been explained by “philosophy of institutionalization 

and lack of special education services” 23. The early outcomes studies until the early 2000s 

reported broad, mostly descriptive constructs of outcome, in terms of poor, very poor, or 

good. Criteria for educational achievement were vague and potentially unreliable 56 57, and 

school-administrated specific entities such as grades or formal graduation were not 

reported57.  

Mainstreamed schooling of autistic children has increased in western countries since the 

1980s. Parallel with this change, some studies investigating educational outcomes in autism 

emerged57. However, assessments of performance of autistic students in these studies were 

conducted by researchers and clinicians and not by objective indicators regularly used in 

school settings and with teachers` involvement22. According to these studies, autistic students 

underperform in domains of reading comprehension and problem-solving compared to non-

autistic students 58. Intellectual ability in autistic students was found to often but not always 

predict these educational outcomes. Genetic research, on the other hand, has indicated that 

there is an autism-related positive genetic correlation with educational attainment59 60, which 

yet is to be confirmed in clinical settings. 

The research regarding effects of other neurodevelopmental conditions on educational 

performance is largely missing, although recent smaller studies explored the impact of 

ADHD indicating worse academic performance in autistic students with co-occurring ADHD 

as compared to those without ADHD61 62.  

Whether educational outcomes differ in autistic females and males is not known. Whether sex 

has a protective role regarding education in autistic females as reported in general 

population63 is yet to be fully understood. Recent Danish study on educational attainment 

upon the final year of compulsory schooling found increased risks in almost all students with 

mental health conditions (one of which was autism) compared to students in general 

population64. This study noted that proportions of autistic females taking the final examen 

were higher as 0.43 [95 % CI, 0.41 - 0.44] compared to autistic males 0.39 [0.3-0.40]. This 

may indicate an advantage in females, contrasting findings on more general lower cognitive 

abilities observed in autistic females65.  

2.2.5 Autism and self-harm 

Studies on self-harm in autistic people focused under a long time on self-injurious behaviors 

(e.g., head banging, self-biting, hair-picking), and confirmed that those behaviors are highly 

prevalent66. A systematic review and meta-analysis reported that a staggering 42 % of autistic 

individuals engaged in self-injurious behaviour66. However, these behaviours were not 

investigated in the context of suicidality but ascribed to core problems of autism 48. After 

alarming reports of an increased risk of suicide in autism 67 68, particularly in individuals 

without intellectual disability and females68, the investigation of suicidality in autism became 

urgent. Several recent systematic reviews have shown that self-harm in all its non-fatal forms 
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is prevalent in autism, and results indicate that more than half of autistic individuals have 

engaged in some form of self-harm 69 70. In spite of the emergence of this important body of 

research during last decade, methodological limitations hamper the generalizability of its 

results (e.g., small sample sizes, exclusion of individuals with ID, cross-sectional design, and 

information bias resulting from self-reports).  

There are only a few large studies exploring whether psychiatric co-morbidities explain the 

high prevalence of self-harm in autism. These have generated conflicting results: A recent 

Finish study concluded that the increased risk of intentional self-harm in young autistic 

individuals was explained by co-morbid psychiatric conditions71. In contrast, a Taiwanese 

cohort study showed that autism was an independent risk factor for self-harm72. Hence, it 

remains to be determined whether autism increases risk of self-harm independently of co-

occurring psychiatric conditions. This knowledge is required to fully disclose the risk of self-

harm in autistic populations, and whether it is comparable to the high risks reported in 

depression, anxiety disorders and other neurodevelopmental conditions such as ADHD. This 

disclosure is paramount to further develop and potentially include the specific needs of 

autistic people in clinical and other guidelines for suicide prevention.  

Studying the risk of self-harm in full and half siblings of probands with autism may help shed 

light on gradients in familial risk, and directly comparing probands with autism with their 

siblings can help account for genetic and environmental factors that siblings share. However, 

the generalizability of the only study on this topic, while otherwise well conducted, is limited 

since it included foremost older birth cohorts, and thus perhaps not reflecting associations for 

autistic populations diagnosed today 68.  

Sex paradox of suicidality has been described (a phenomenon that females are much more 

likely to have suicidal ideation and engage in self-harm, yet males are at higher risk of dying 

due to completed suicide). Whether such protective effect of sex is also present in autistic 

females is debated. A Swedish mortality study found that females were more likely to die due 

to suicide than males relative to controls of the same sex in general population (OR 13.05    

95 % CI [8.73–19.50], 6.28 [4.79–8.23] females and males, respectively) 27. In contrast to 

this, others reported no significant differences between sexes in autistic individuals9 28 29. 

Whether being a female or a male with autism makes it more perilous to self-harm in respect 

to the risk of later suicide is yet to be understood. The knowledge on subgroups that may gain 

most of early interventions is urgently needed to guide public-health efforts particularly 

important in the population of autistic adolescents and young individuals30. 

2.2.6 Knowledge gaps 

Firstly, evidence regarding formal educational outcomes among autistic students in 

mainstream schooling is largely missing. In Sweden, the first step in education is the 

compulsory school (grundskola in Swedish) that is mandatory in Sweden, and almost all 

autistic children without ID attend mainstream school today. Autistic and non-autistic 

students along with each other are supposed to perform equally well academically at the same 
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time and room. However, classroom conditions may pose particular challenge to autistic 

individuals considering core features of autism e. g. sensory sensitivity, social, and 

communicative capacity. Data on objective indicators at the end of compulsory education, 

e.g., binary outcome, either an individual reaches the goal of qualification for upper 

secondary schooling or not in autistic individuals without ID is missing. Whether there are 

factors to alleviate or aggravate risk of non-qualification and whether there are, within the 

autistic group subgroups that perform better, is missing. In particular, the role of ADHD (a 

common comorbidity in autism and a known predictor of scholastic underperformance in 

general populations) in educational outcomes in autism, e.g., whether autism could 

“neutralize” adverse effects of ADHD, is unknown.  

Secondly, whether autism regardless of co-existing psychiatric conditions such as depression, 

anxiety and ADHD are associated with increased risk for self-harm severe enough to require 

hospitalisation visits is not clear in the light of contradicting results from previous studies. 

The role of intellectual ability level in autistic individuals that self-harm (both fatal and non-

fatal self-harm) is unclear, although some previous research indicate a protective role of sub-

normal IQ (Intelligence Quotient)42 others found higher IQ to be  associated with increased 

risk of NSSI73. This knowledge may better our awareness of autistic individuals who self-

harm, and potentially lead to more informed follow up planning.  

The prognostic implications of detailed knowledge on topographies such as methods used, 

sex differences in autistic self-harm and how it differs from general population would help 

inform tailored interventions to prevent repetition of self-harm in this populations.  

Thirdly, are there differences in educational attainments later on, along the educational 

pathway, in other words what are the risks for non-completion of upper secondary education 

in autistic students compared with non-autistic peers? Whether sex or parental factors impact 

completion of upper secondary school in autistic students is not known. Data on how ADHD, 

potentially treatable condition, influences school completion in autistic students is largely 

missing. Better knowledge is needed in order to inform sound decision making and may be an 

important point of intervention. 

Fourthly, how does engagement in severe self-harm in autistic individuals compared to non-

autistic peers influences premature death of suicide is not yet known. Self-harm an important 

outcome in the light of consequences on one´s life and well-being as well as a 

predictor/prodromal stage and behaviour that may facilitate openness to suicide. Whether the 

association between self- harm and suicide across the whole autistic spectrum is influenced 

by co-morbid conditions, factors related to self-harm, individual, familial, and social 

characteristics is unknown and such data may guide focused interventions in autistic self-

harmers. The prognostic implications of detailed knowledge on sex differences in autistic 

self-harmers and how it differs from general population would help to further knowledge 

needed to target autism-specific subgroups at particularly high risk of suicide. 
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2.3 KEY CONCEPTS IN EPIDEMIOLOGY 

Epidemiology studies the distribution and determinants of diseases in populations with the 

overarching aim to inform public health practise74. It departs from the notion that the 

distribution of health-related problems in the population is not random, but that an outcome is 

caused by one (or more) exposure(s).  

Study designs may be categorized as either experimental or observational. In an experimental 

study (randomized controlled trial, RCT), investigators randomly allocate exposure to 

subjects which eventually leads to subpopulations (exposed and unexposed) being 

comparable regarding other factors (unknown and known) that are likely to influence the 

outcome. Experimental studies are thus considered to be more rigorous and causally 

informative. Yet, such random allocation is not always possible on a large enough scale, for a 

long enough time, either for ethical (e.g., study participants cannot be subjected to harmful 

exposures for research purposes), practical or economic reasons. Experimental studies also 

suffer from biases, arising, e.g., in relation to non-adherence, low retention or lack of 

representativeness of the study sample. Observational studies, where the investigator only 

observes exposures and outcomes, aiming to disclose and understand the basis for any 

relationship, may hence be the only feasible but indeed also the preferred method of study.  

2.3.1 Bias 

Bias (imprecision) can be defined as the result of any systematic error in the design, conduct 

or analysis of a study that flaws estimates of exposure-outcome associations75. Information 

bias may occur if the information related to exposure, outcome, or any covariate, is 

erroneous, thus leading to misclassification. One example of information bias in a cohort 

study is medical surveillance (detection) bias that occurs when exposed group due to their 

medical condition undergo more thorough controls that are more likely to lead to 

identification of another condition of interest for the study. Selection bias arises when 

ascertainment of study subjects (exposed or nonexposed) results in distortion of the measure 

of exposure-outcome association. One important source of selection bias in cohort studies is 

differential loss to follow-up. 

2.3.2  Confounding 

Confounding is a particular type of bias, and refers to the influence of factors (confounders, 

confounding variables) related to both exposure and outcome, and ‘temporally prior’ to both, 

on the exposure-outcome association. In other words, a confounding variable differs between 

exposed and nonexposed and is also associated with the outcome. Confounding may lead to 

overestimation or underestimation of true association between exposure and outcome, i.e., the 

confounder is “responsible” for at least a part of the association that is being investigated. 

Direct Acyclic graphs (DAGs) are commonly used to present and reason visually about 

causal pathways and the ordering and role of different factors76, Figure 1. 
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Figure 1. DAGs illustrating how a confounding factor C biases the association between the 

exposure E and outcome O (left), and how controlling for C removes this bias. 

 

 

2.3.3 Collider bias 

Collider bias (collider - stratification bias) is introduced if investigators condition on or 

control for a common “effect” of the exposure and outcome. Conditioning (for example by 

restriction) on or adjusting for a collider variable in the study design or statistical analyses 

entails that this common “effect” is mirrored as spurious exposure-outcome association76. 

DAGs illustrating collider bias are presented in Figure 2. 

 

Figure 2. DAGs illustrating closed collider path between exposure E and outcome O via B 

(left), and no association between E and O. Controlling for B opens the collider path linking 

E and O via B (right) inducing a noncausal association between E and O. 

 

 

 

2.3.4 Interaction 

In some situations, two variables modify the effect of each other related to the given outcome. 

This phenomenon is called interaction (or effect modification) and means that the effect of 

the exposure on the outcome varies according to presence or absence of the other variable 

(the effect modifier). In the presence of an effect modifier, the effect of exposure on the given 

outcome may be magnified (synergistic or positive interaction) or diminished (antagonistic or 

negative interaction). Observed joint effects of an exposure and an effect modifier may thus 

exceed the effects of the sum of both effects expected based on their respective independent 

effects74. The magnitude of interaction may be measured by comparing risk differences 

(additive model) or relative risks (multiplicative model).  
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2.3.5 Measures of association  

Measures of associations are addressed on the absolute or relative scale in epidemiology, and 

are calculated as77: 

The difference in the risks (or incidence rates): 

(outcome risk in exposed) – (outcome risk in non-exposed) 

The ratio of the risks (or incidence rates): 

(outcome risk in exposed) / (outcome risk in non-exposed). 

Absolute risk differences are often the more useful presentation of research results for 

decision making in public health or clinical settings. The relative risk is instead important for 

understanding mechanisms including in relation to aetiology or prognosis. 

2.3.6 Sibling design- informative genetic approach 

Potential confounding related to observed and unobserved genetic and environmental factors 

can be reduced by utilizing sibling design. This study design capitalizes on any discordance 

in a sibling cluster regarding exposure (or outcome) and enables comparison between groups 

that are naturally “matched” regarding shared confounding factors such as genes or childhood 

socio-economic conditions75 78. Comparison of siblings within the cluster that are 

differentially exposed, e.g., having or not an autism diagnosis, but share other factors, e.g., 

50% (in full siblings) or 25 % (in half-siblings) of genes and the aspects of the family 

environment, such as parenting style or living conditions, can thus meaningfully isolate the 

independent effect of the exposure. Also, the examination of any gradient in exposure-

outcome association related to type of control individuals - that are respectively full or half-

siblings, or controls from the general population - helps to elucidate to what degree genetic 

factors explain the association. 
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3 RESEARCH AIMS 

 

3.1 OVERARCHING AIM 

According to identified knowledge gaps the overarching aim of this thesis was to investigate 

two critical domains in young adulthood of autistic individuals in most recent birth cohorts, 

namely educational attainment in regular education and potentially fatal self-harming 

behaviours.  

3.2  SPECIFIC AIMS 

3.2.1 Study I  

Study I investigated formal educational attainment of autistic students without intellectual 

disability at the final year of compulsory education, and how students’ sex, socioeconomic 

status of the family and presence of ADHD influenced this outcome. Additionally, we 

assessed how subject grades differed in autistic compared to non-autistic students and 

whether a prolonged schooling affected the results.  

3.2.2 Study II 

Study II aimed to clarify the association between autism and self-harm, and whether autism 

independently of common psychiatric comorbidity such as depression, anxiety disorders and 

ADHD increases the risk of self-harm. Furthermore, we investigated the role of sex, and 

method used to self-harm. Additionally, we assessed family-level confounding. 

3.2.3 Study III 

Study III aimed to establish the likelihood of completion of upper secondary mainstream 

education in autistic students without ID compared to their non-autistic peers. Additionally, 

we elucidated the role of sex and cooccurring ADHD in autistic students’ performance.  

3.2.4 Study IV  

Study IV aimed to scrutinize the association of self-harm presented to health care services to 

suicide mortality in autistic compared to non-autistic adolescents and younger adults. 

Additionally, we explored how this associations differ by sex and method of self-harm.  
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4 MATERIALS AND METHODS 

 

4.1 DATA SOURCES 

All four studies constituting this thesis rely on secondary data, and utilize information 

prospectively collected in administrative and health-care registers in Sweden. 

Studies I-III are based on Stockholm Youth Cohort (SYC)79 with data linkage from national 

and regional registers as listed here:  

The Total Population Register (held by Statistic Sweden since 1968) provides demographic 

data for each individual alive in Sweden (the name, sex, place of residence, birth date, county 

of birth, immigrant background, civil status)80. This register has been used to provide the 

background population in the SYC. Since all individuals are assigned unique identity number 

present also in all other national and regional registers the linkage of registers was possible.  

The Multi-Generation Register (held by Statistics Sweden) contains data on each subject’s 

parents and siblings in SYC (coverage about 95-97 percent of the Swedish population born 

from 1932 onwards). The register allows identification of intergenerational cohorts. 

National Population and Housing census held by Statistics Sweden (1960-1990) provides 

individual and household level information such as employment, income, housing). 

The Longitudinal Integration Database for Health Insurance and Labour Market Studies 

(LISA) is held by Statistics Sweden, it integrates individual level socio-economic data from 

various sources covering social insurance, education, labour market, disposable income 

immigration status (person´s and parental country of birth) from 1990 onward.  

The National School Register (held by Statistics Sweden since 1973) provides subjects 

grades, grades in the core subjects (Swedish, English, mathematics) awarded at the final (9th) 

year of compulsory school (since 1988). Students graduate from compulsory school at age 16 

but prolonged time to graduate is allowed by law until age of 20. Results in upper secondary 

education are recorded since 1973. Data from this register was used in studies I and III. 

The National Patient Register (held by National Board of Health and Welfare since 1964) 

includes all inpatient psychiatric admissions since 1973, and outpatient care since 2001 with 

coverage of around 80 %81. Each admission is accompanied with primary and secondary 

diagnoses using the ICD versions 7-10. The estimate of positive predictive value of in-patient 

diagnoses is 85 % - 95 %82. 

The Cause of Death Register provides information on all deaths (the primary and 

contributory causes registered in the death certificate). This register was utilized in study IV 

to identify suicide deaths in index persons and their parents. 

Stockholm Adult Psychiatry Care Register (held by Stockholm County since1997) is a 

regional register that pertains data from adult out- and inpatient psychiatric care inclusive 
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diagnoses registered upon contact with services. Until 2004 DSM-IV was used, since 2005 

diagnoses were set according to ICD-1083. 

Clinical database for Child and Adolescent Psychiatry in Stockholm (held by Stockholm 

County since 2001), is a regional register that provides data from Child and adolescent 

psychiatry services in in- and outpatient settings. Until 2008 DSM-IV diagnostic 

classification were used, since 2009 diagnoses were coded according to ICD-10.  

Habilitation Register (Stockholm County since 1997) records data on utilization of 

habilitation services based on disability. 

VAL Databases (held by Stockholm County since1997)is a regional register, collected by 

care services in Stockholm County. 

For the Study IV national registers were utilized (Total Population Register, National Patient 

Register, The Longitudinal Integration Database for Health Insurance and Labour Market 

Studies, The Multi-Generation Register and The Death Cause Register). 

Table 1. presents short summary of materials and methods used in studies in this thesis.  
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Table 1. The overview of the materials and methods in the four studies founding this thesis 

 Study I Study II Study III Study IV 

Overall research 

focus 

Education 

compulsory school 

(autism without ID) 

Self-harm in autistic 

individuals 

Education upper 

secondary school 

(autism without ID) 

Suicide after self-

harm  

Study design Total-population 

regional cohort in 

Stockholm 

Total-population 

regional cohort in 

Stockholm 

 Sibling analysis 

Total-population 

regional cohort in 

Stockholm 

 

Total-population 

national cohort 

Study population SYC            

(regional cohort) 

SYC            

(regional cohort) 

SYC            

(regional cohort) 

National cohort 

Data source National and 

regional registers 

National and 

regional registers 

National and 

regional registers 

National registers 

Study population    

N = total number        

n = autistic 

participants  

N = 364,957 

n = 6,138  

N = 410,732 

n = 9, 070 

2, 317 (+ID) 

N = 418,188 

n = 3,918  

N = 2,822,789 

n = 86,427  

Follow up Time 2001-2011 2001-2011 2001-2016 1996-2021 

Explanatory 

variable 

Record of diagnosis 

of autism without 

ID 

Record of diagnosis 

of autism with and 

without ID 

Record of diagnosis 

of autism without 

ID 

Records of 

diagnoses of autism 

with and without ID 

and self-harm 

Main outcome 

variable 

Passing core 

subjects (Math, 

English and 

Swedish) 

Record of contact 

with hospitals for 

self-harm 

Completion of upper 

secondary education 

Suicide death 

Measure of risks Rate Difference 

(RD) 

Relative risk (RR) Odd Ratios (OR)    

CI 95 % 

Hazard Ratios (HR)     

CI 95 % 

Statistical analyses Poisson models with 

identity-link and 

robust variance 

estimates 

Modified Poisson 

regression 

Logistic regression 

model 

Cox proportional 

hazard regression 

model 

ID = Intellectual disability; CI = Confidence Intervals 
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4.2 MEASURES 

4.2.1 Exposure 

In all four studies of this thesis, the exposure (explanatory or independent variable) was 

defined as corresponding diagnostic codes in WHO´s International Classification of diseases 

(ICD): ICD-9 (in use in Sweden 1987-1996): 299; ICD-10 (in use in Sweden 1997-2022): 

F84.0, F84.1, F84.2, F84.5, F84.8, F84.9. 

In study IV the exposure was defined as a duality of a diagnosis autism and a record of self-

harm captured in National Patient Register by presence of diagnostic codes according to ICD-

10: X60-X84, Y10-Y34; ICD-9: E950-E958, E980-E988 and ICD- 8 (in use in Sweden 1969-

1986): E950-E958, E980-E988. 

4.2.2 Outcomes 

In Study I, the main outcome was qualification for upper secondary schooling defined as 

having at least a passing grade in three core subjects (Mathematics, Swedish and English) as 

recorded in the Register for compulsory school leaving grades. We also examined subject-

specific grades in the three core subjects as secondary outcomes. 

The outcome in the Study III was defined as binary variable completion of upper secondary 

education with qualification, ascertained by having a final exam grade registered before or 

during the time student is expected to reach this objective i.e., year the individual turned 20. 

Information was retrieved by the Swedish Longitudinal Integration Database for Health 

Insurance and Labour Market Studies (LISA) and the National School Register (UREG).  

In Study II, the outcome variable was registered discharge diagnoses of self-harm, as defined 

by the, ICD-10 codes X60-X84 (purposely self-inflicted poisoning or injury) and Y10-Y34 

(events of undetermined intent), retrieved from National Patient Register. 

In Study IV the outcome of interest was death due to suicide defined as deaths due to 

intended self-inflicted poisoning or injury or ditto events of undetermined intent using the 

same diagnostic codes as were employed to identify self-harm. The data was retrieved from 

the Cause of Death Register.  

4.2.3 Covariates 

Socioeconomic status is a multimodal concept and for the purpose of this work we utilized 

recorded on following modalities:  

▪ Disposable household income adjusted for year of ascertainment and family size (in 

quintiles) closest to birth;  

▪ Educational qualification of either parent was studied as a categorical variable (≤9 

years, 10–12, ≥13 years);  
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▪ Migration background was identified by country of birth for index persons and their 

parents. 

Familial mental health was studied as a binary variable i.e., having or not any history of a 

psychiatric disorder in the mother or the father (identified as ICD-9 diagnostic codes 290-

319, and records according to ICD-8 290-219) 

In study II, the birth order, for the purpose of sibling analysis we assessed the risk of self-

harm in full and half siblings of individuals with autism as compared with the general 

population and adjusted for age and birth order and additionally for maternal and paternal age 

at birth as these are likely to be non-shared characteristics between sibling pairs. 

In study IV, data on suicide mortality from the Cause of Death Register, ICD-10 X60-X84, 

Y10-Y34, ICD-9 E950-959, and ICD-8 codes (used in Swedish practice between 1969-1986) 

to identify parental suicide.  

4.3 STUDY DESIGN 

The main epidemiological study designs are cross-sectional, case-control, and cohort studies. 

All studies composing this thesis are observational, longitudinal prospective cohort studies. 

Cohort study design is used in analytical epidemiology to ascertain distribution of outcome(s) 

in exposed and unexposed individuals. Exposure is a factor which may influence the 

probability of occurrence of a given outcome. Cohort subsets (exposed/unexposed) are 

selected and then followed for a period of time. The frequency of the outcomes within 

differentially exposed groups are subsequently measured. This study design allows studying 

multiple outcomes that may be associated to the single exposure, and investigations of rare 

events. It allows the calculation of incidence rates, risk ratios, and other outcome measures, 

such as survival curves and hazard ratios.  

4.4 STATISTICAL ANALYSES 

To study effects of the exposure (independent variable/s) on the outcome (dependant 

variable) regression models are commonly used. The models used in the present thesis are 

described below. 

4.4.1 Poisson regression  

This model is used to describe the number of certain events occurring in fixed time interval. 

We assume that the rate at which the event occurs is constant (the probability of event per 

time unit should be equal per every unit). The Poisson regression takes similar approach as 

the logistic regression, but the natural logarithm transformation is used (loge) for the expected 

rate. A modified Poisson regression model, i.e., Poisson regression model with robust 

standard error (variance) allows application on binary outcomes. This model uses “robust” 

(i.e., Huber-White standard errors) instead of estimate of expected standard error. In study I  

modified Poisson regression with identity link and robust variance84 was used to calculate 

adjusted rate difference with corresponding 95% confidence intervals (CIs) between autistic 
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(autism without ID overall, and with or without comorbid ADHD) and non-autistic 

individuals’ qualification for upper secondary education.  

4.4.2 Logistic regression   

Logistic regression models can be applied to estimate relationships between one or more 

independent variable(s) with an outcome (dependent variable) in situations when the outcome 

is dichotomous (can take only two values). The other application of the logistic model is for 

prediction. The measure of the association between exposure and outcome (controlling at the 

same time for covariates) is calculated by the odds ratio. The odds ratio is the ratio of the 

odds of an outcome given the presence of an exposure and the odds of that outcome in the 

absence of the exposure. If analyses are performed for rare outcomes, in a cohort study the 

adjusted odds ratio may be used as a surrogate of the relative risk. This model was performed 

in study III to generate odds ratios with 95 % confidence intervals of completion of upper 

secondary education in autistic as compared to non-autistic students. A fixed effects 

conditional logistic regression analysis was used in study II to compare the risk of self-harm 

in individuals with autism with that of their non-autistic full siblings. 

4.4.3 Cox regression  

Survival analysis (time-to event-data) is commonly performed using Cox regression (a.k.a. 

the Cox proportional hazard model)85. It is one of the available mathematical instruments that 

allows several time-dependent exposures to be considered simultaneously. The measure of 

outcome frequency is the hazard rate; the ratio between the hazard of an outcome in the two 

groups of exposure (exposed and unexposed). An assumption of this model is that the hazard 

ratio is constant over time. 
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5 RESULTS  

 

5.1 EDUCATIONAL OUTCOMES IN PRIMARY AND SECONDARY EDUCATION 

5.1.1 Study I 

A total of 364,957 individuals were old enough to graduate compulsory school from 2001 

through 2011. These included 6,138 individuals (nearly 2% of the total sample) who were 

diagnosed with autism without ID. In this group of autistic people, 42% had comorbid 

ADHD according to the registers. We analysed to what degree students met eligibility criteria 

at the expected age for graduation (16 years) and age at 20 (allowing for the maximum 

extended time to graduate).  

The main findings were that: 

▪ Compared to non-autistic students, 29 % more autistic students, 95 % CI (28.0–30.0) 

were not qualified for upper secondary education at age 16. At age 20, the fully 

adjusted RD decreased to 22 %, 95 % CI (21.1–23.4).  

▪ The RD for failing to meet eligibility criteria for upper secondary education 

comparing autistic students was higher among females than males, at age 16 as well 

as at age 20. At age 16, 32 % more autistic than non-autistic students, 95 % CI (29.9–

34.3) were not eligible when restricting the sample to females, compared to 27 %,   

95 % CI (25.4–28.4) among the males in the fully adjusted model. At age 20, these 

RDs decreased to 26 %, 95 % (CI 24.3– 28.4) in females, and 20 %, 95 % CI (18.7–

21.4), in males. 

▪ Autistic students were more likely to fail to meet qualification criteria for upper 

secondary education relative to non-autistic individuals at both ages 16 and 20 in the 

group of individuals with lower familial income than in the group with higher 

familial income. At age 16, 29 %, 95 % CI (26.3–32.7) more autistic individuals 

from the lowest familiar income quintiles compared to their non-autistic peers with 

from the same group failed to meet eligibility criteria, compared to 24 % (21.2–26.7) 

among inviduals with familial income in the highest quintile. At age 20, the RDs 

decreased across income quintiles such that 24%, (20.8–27.0), more autistic 

individuals from the lowest familiar income quintiles failed to meet eligibility 

criteria, compared to 17% (14.3–19.1) from the highest quintile. 

▪  Comorbid ADHD increased the RDs for not qualifying for upper secondary 

education among autistic students both at age 16, adding a further 8 %, 95% CI (5.1–

10.2),  and nearly 6 %, (3.4–8.2) at age 20 non-qualifiers, compared to autistic 

individuals without comorbid ADHD. 

▪ Similar patterns of non-eligibilty were found for all core subjects, and compared to 

the non-autistic group, a larger proportion of the autistic group had non-passing 

grades in all core subjects at both ages 16 and 20 (Figure 3). 
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Figure 3. Proportions (with 95 % Confidence Intervals) of individuals not passing 

core subjects (Mathematics, English and Swedish) at 16 and 20 years in relation to 

presence of autism without intellectual disability and ADHD  

5.1.2 Study III 

In the study III final exam grade registered before student turned 20, the (mean) age for 

completion of upper secondary schooling was investigated. Total of 242,308 individuals were 

old enough to have completed upper secondary education of whom 3,918 (62 % male) were 

identified as having an autism diagnosis without ID. 

The main findings were that: 

▪ In the autistic group 32.3 % compared to 9.5 % of non-autistic group did not achieve 

this educational goal. 

▪ Discrepancy between sexes was such that odds of non-completion in autistic females 

OR = 3.46 [3.06-3.91] was higher than  that in autistic males (OR 2.63 [95 % CI 2.39- 

2.91]). This effect modification by sex was statistically significant (p-value <.0001). 
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▪ The presence of ADHD increased the likelihood of non-completion in autistic 

students, and highest odds were observed in the group with both diagnoses ( 6.03 

[5.44- 6.69]), followed by the subgroup with only autism diagnosis (4.99 [4.53- 

5.50]), and the group with diagnosis of ADHD only (3.95 [3.74- 4.15]). 

5.2 SELF-HARM AND SUICIDE  

5.2.1 Study II 

The study population comprised of 410,732 individuals born to 245,117 mothers followed up 

from at least 10 to a maximum of 27 years of age. Of these, 9,070 had a diagnosis of autism 

(6,753 of whom had no ID and 2,317 had a recorded diagnosis ID).  

The main findings were that: 

▪ Nearly 3 % of autistic individuals had been hospitalized at least once for self-harm 

between the ages of 10 and 27 years, compared with 0.8 % of their non-autistic peers. 

▪ Hospitalizations for self-harm were more common in autistic individuals without ID 

(3.6 %), than in those who had both diagnoses (1.3 %).  

▪ Although poisoning was the most common self-harm method among admitted 

individuals regardless of autism, over 15 % of all admissions in the autistic group 

were because of self-cutting compared to 8 % in the non-autistic group.  

▪ The risk of self-harm was increased in autism, particularly in the subgroup without 

ID, also when occurring without other comorbidities. Risks were about fivefold and 

similar for single diagnoses of either autism without ID (RR 5.9 [95 % CI 4.9–7.0]),  

ADHD (6.1 [5.6–6.8]), or depression (4.6 [4.2–5.0]), and somewhat lower in anxiety 

disorders (3.0 [2.8–3.3]). Individuals with autism without ID and either ADHD, 

depression, or anxiety disorder additionally, had about a tenfold increase in risk for 

self-harm as compared with those without any diagnoses in the fully adjusted model. 

▪ Non-autistic full (1.6 [1.3–2.0]) and half siblings (1.4 [1.1– 1.9]) of individuals with 

autism had a higher risk of self-harm as compared with population controls. These 

associations were more apparent for siblings of children with autism without 

intellectual disability. 

5.2.2 Study IV 

For this analysis, 2,822,789 individuals were identified and followed from age 12 up to age 

37 years, by December 2021. Of these, 3.1 % (86,427) had a diagnosis of autism (36.7 % of 

those were females). In the autistic group 6.3 % (5,405) had a record of at least one visit to 

medical services due to self-harm, compared to 1.4 % (37,994) in the non-autistic population. 

At the end of follow-up, 3,917 individuals had died due to suicide.  
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The main findings were that: 

▪ In autistic individuals with a record of self-harm the likelihood of suicide was 

substantially higher (HR 31.4 95 % CI [21.7-36.4]) than both in non-autistic self-

harmers 20.4 [18.9-22.0] and autistic individuals who did not engage in self-harm (2.1 

[1.8-2.5]). This gradient and size of risks did not change materially, after adjusting for 

socioeconomic and parental factors. 

▪ The presence of ADHD and ID did not markedly influence risks of suicide mortality 

in self-harmers. Adjustment for both neurodevelopmental conditions (ADHD and ID) 

left more than twenty-fold increased risk of suicide in autistic self-harmers.  

▪ The risk of suicide was higher when autism and self-harm was present together than 

what should be expected from the risks associated with autism and self-harm per se. 

Additive interaction between autism and self-harm was indicated by the Relative 

Excess Risk Due to Interaction, RERI, which was clearly > 0, and more specifically 

6.0 (2.4-9.5). 

▪ Among females, the relative risk of suicide in relation to self-harm was almost twice 

as high in autistic (HR 37.6, 95 % CI [27.5-47.8]), than in non-autistic individuals 

(21.4 [18.8-24.4]). The relative risk of suicide in relation to self-harm was also higher 

in the autistic (16.7 [13.5-20.8]) than in the non-autistic (13.8 [12.5-15.3]) males. 

Thus while RERIs were > 0 for both males and females, the additive interaction 

between autism and self-harm appeared more pronounced in females.   

▪ All methods of self-harm conveyed higher risks of consequent suicide in the autistic 

self-harmers. The risk conveyed by self-cutting was, however, notably greater in the 

autistic (34.1 [ 24.9-46.7]) versus the non-autistic group (23.7 [19.7-28.6]). Within the 

autistic group of self-harmers, the level of risk corresponding to self-cutting appeared 

even higher than that observed for violent self- harm (34.1 [24.9-46.7], and 29.9 

[21.1-42.4], respectively). 
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6 DISCUSSION 

 

6.1 SUMMARY OF THE MAIN FINDINGS 

This thesis has investigated two domains of outcomes in autistic individuals’ including 

educational attainment, at the end of compulsory (primary and lower secondary) (Study I) 

and upper secondary (Study III) mainstream schooling, and self-harm, per se (Study II), and 

in relation to suicide (Study IV) in Sweden.  

The results suggest that autistic youth without ID in mainstream settings are at risk of lower 

formal educational attainment in both primary and secondary schooling compared to their 

non-autistic peers. The most vulnerable are autistic females and students with co-occurring 

ADHD. They also confirm a substantial burden of self-harm in autistic individuals, including 

a discrepantly high risk of fatal outcomes of such harm. 

6.2 FINDINGS IN THE CONTEXT OF PREVIOUS RESEARCH 

6.2.1 School outcomes 

In the two large total-population studies (I and III), we analysed objective indicators, real life 

measures administered by schools and teachers, of educational attainment. At the end of 

compulsory education (study I) autistic students were considerably less likely to reach 

eligibility criteria compared to their non-autistic peers. At age 16, which is the expected age 

for graduation in Sweden, 29 % fewer autistic students without ID were qualified for upper 

secondary education than non-autistic peers. This difference decreased somewhat at age 20. 

Comorbid ADHD, female sex and lower family income further increased the likelihood of 

autistic students not meeting the qualification criteria for upper secondary education, 

indicating the moderating role of theses covariates. Findings are in line with recent cohort 

study from Denmark focusing on educational performance in compulsory schooling in 

adolescents with 29 specific mental disorders (autism spectrum was one of those). Autism as 

well as all the other conditions were associated with underperformance64. However, this study 

included only Danish-born children with parents born in Denmark. In contrast to our 

findings, a higher proportion of autistic girls were found to take the final exam at the end of 

compulsory schooling compared to autistic male students (RR 0.43 [95 % CI, 0.41-0.44] and 

0.39 [0.3-0.4] for girls and boys, respectively). Whether diagnostic practices differ between 

Sweden and Denmark such that autistic females with higher ability are less often diagnosed 

with autism in Sweden as compared to Denmark, is not known. Yet, such scenario may partly 

explain the differences in findings. Another recent study that investigated the influence of 

several mental disorders (autistic students were excluded) on school performance, defined as 

qualification for upper secondary schooling found that ADHD was the diagnosis most 
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strongly associated with educational underachievement86. This is in line with our findings that 

ADHD exacerbated the risk of adverse outcomes in autistic students.  

Study III demonstrates that autistic students without ID have an almost fivefold higher odds 

of non-completion of secondary education compared to their non-autistic peers. This strong 

association between autism and non-completion of upper secondary education was not 

explained by co-existing ADHD, moreover the risk of non-completion was higher in those 

identified with only autism than in students with only ADHD. Students with both autism and 

ADHD did worse than all other groups. This study also found an important sex discrepancy 

in that the risk of non-completion was particularly high in autistic females. The results of the 

study III on educational attainment in secondary education, are difficult to directly compare 

to the other studies (due to the differences in methodology and choice of measures and 

outcomes). They are, however, in line with previously described general underperformance of 

the autistic students57 23 25. In the present study, ADHD played a substantial role in the 

profound underachievement of autistic students without ID which also is in line with previous 

evidence confirming ADHD as a risk factor of academic underperformance61 87. 

As in study I, again, autistic females were particularly vulnerable to adverse outcomes, and 

we could confirm significant modification of effect by sex on autism regarding completion of 

secondary education. This contrasts findings in the general population were females show a 

relative advantage in educational achievements as compared to males63. Autistic females get 

their diagnosis later in ages79, and were found to have generally greater impairment in 

social/communication skills, cognitive ability65. Whether autistic female phenotype with 

higher functioning individuals is differentially underdiagnosed might partly explain negative 

outcomes since timely support is likely to be missed.  

6.2.2 Self-harm and suicide  

In study II, a clear overrepresentation of hospital admissions for self-harm in adolescents and 

young adults with autism in comparison to their typically developing peers was found. These 

results, confirm those of a previous case–control study88. Yet, present study used a more 

detailed case ascertainment, also including data from outpatient health services (comprising 

child and adolescent as well as adult psychiatric care). Autistic individuals were more likely 

to be admitted to hospitals for self-harm regardless of common comorbid psychiatric 

disorders, which is consistent with a large study from Taiwan89. However, Jokiranta-

Olkoniemi and colleagues reported the opposite, after adjusting for a range of comorbid 

psychiatric conditions, autism was not significantly associated with self/harm90. While 

adjusting for comorbidities that can be regarded as mediators of the relationship between 

autism and self-harm investigators may have introduced collider bias that explain 

discrepancies between their and present study.  

Sibling-analyses indicated that autism was associated to self-harm independently of shared 

familial factors (i.e., the 50 % of genes and the aspects of the family environment, such as 

parenting style or living conditions, that is shared by siblings).These results were in line with 
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previous research 88 that found that siblings of autistic individuals were somewhat more likely 

to have self-harmed than the general population.  

Self-poisoning was the most common self-harm method in study II, in line with hospital-

based studies on general population44 45. However, autistic individuals had a more notable 

increased risk for admissions because of self-cutting than poising, in the study II.  

In the study IV greatly increased risk of suicide in both autistic and non-autistic self-harmers 

were observed, yet notably higher in the autistic group. This is in line with previous results on 

association between self-harm and suicide mortality in the general population45, and studies 

indicating high burden of self-harm inclusive suicide in autistic individuals88 91.                  

Sex differences were observed in present study, relative to risks of suicide in individuals of 

the same sex in general population, autistic females demonstrated higher relative risks than 

those observed in males. These results are in line with previous studies on autistic patients68 

91, in contrast to the findings on influence of sex in general psychiatric population92.  

Although, self-poisoning was the most common self-harm method in both autistic and non-

autistic individuals in the present study, self-cutting was associated with particularly high 

relative risks of consecutive suicide in both groups, but more so among those with autism. 

Self-cutting is associated with higher levels of impulsivity and tends to be more repetitive93, 

and impulsivity and insistent on sameness are traits that are also innate in autism94. These 

features may contribute to perilousness of self-cutting in autism. Some evidence of higher 

suicidal intent in autistic self-harmers who engage in self-cutting is previously reported95, and 

may be in line with findings in present study. Self-cutting is generally regarded as a behavior 

with less suicidal intention than self-poisoning, and patients presenting with self-cutting may 

be less likely to receive psychosocial assessment or to be admitted to in-patient care96,  

Higher risks of suicide mortality consequent to self-cutting among autistic self-harmers 

observed in present study imply the need of careful reconsideration of the existing attitude in 

psychiatric praxis.  

6.3 METHODOLOGICAL CONSIDERATIONS 

6.3.1 Data sources  

This thesis is based on the data from Sweden’s rich administrative and health data registers. 

Such research allows the investigation of the entire populations with negligible loss to follow-

up. Sample size was, e.g., large enough to study an event as rare, and serious, as suicide with 

sufficient precision. In studies like studies presented here, that utilize pre-existing, a.k.a., 

secondary data, collected primarily for administrative purposes and secondarily used for 

research rely on the quality and completeness of this data. The Swedish civil registration 
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systems have long tradition and high coverage80, and as such it is important for research due 

to its efficiency and feasibility. The long follow-up and rich data on confounding variables 

and effect modifiers are other strengths in present studies. The multisource identification of 

autism allowed  to study a complete, and thus more heterogenous, population of the autistic 

individuals representative of this broad group today. This identification process involved 

retrieving “cases” also from outpatient clinics. Thus, also individuals with a less severe 

symptom burden were included on our studies. There are some drawbacks, however, to 

consider when interpreting results from register-based studies. Foremost, these studies are 

obviously limited to data that exist in registers. Since this data is collated for administrative 

and not research purposes, important information on potentially confounding or effect 

modifying factors are lacking. For example, information on symptom severity in autism, IQ, 

and “softer aspects” of the school environment such as teachers’ attitude towards and 

competence to teach autistic students, and/or peer relations was not available to us.  

6.3.2 Psychiatric epidemiology – what is a psychiatric disorder? 

Defining and measuring psychiatric conditions is one of the major challenges of the 

psychiatric research and practice and should be considered in the context of this thesis. What 

is “normal” and what is “pathologic”? What is a diagnosis? This question is particularly 

important in the psychiatric discipline due to the lack of clinically useful biological 

indicators, and the fact that all diagnoses are defined as symptom constellations. Furthermore, 

psychiatry deals with cognition, emotion regulation and behaviours and is thus strongly 

dependent on the socio-cultural context. The diagnostic process may also be biased in 

different directions. Negative attitudes and stigma towards psychiatric care and diagnoses 

may refrain from care-seeking and hinder diagnostic evaluation when called for. Yet, there 

may also be drivers of care-seeking. For example, individuals facing challenges may request 

formal diagnoses, since such diagnoses may prompt benefits or other types of societal 

support. In spite of the evolvement of the diagnostic guidelines (DSM and ICD) over the 

years, the psychiatric nosology is still being questioned regarding its validity 97, and the 

complexity of defining and assessing the clinical boundaries of the psychiatric conditions75 

persist. 

6.3.3 Selection bias  

Selection bias is not an important drawback in observational studies based on health care and 

administrative registers, such as the studies founding this thesis. This is because both non-

participation and loss to follow-up are negligible in these data that cover the total population. 

6.3.4 Confounding 

A range of potential confounders were considered (assessed and controlled for) in the present 

studies, however possibility of residual confounding may never be ignored. Confounding by 

indication is important in the studies II and IV, whether individuals who have contacts with 

health care services for any reason (such is the case of autism), are potentially more likely to 

be detected and registered when presenting their (less severe) self-harm. If this is differential 
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in relation to our exposure (i.e., if autistic people are more likely than the general population 

to seek help and are more likely than the general population to be diagnosed and registered as 

having self-harmed), then our results may overestimate the true associations. 

6.3.5 Problem of comorbidities in autism and collider bias 

Autism has consistently been associated to heightened psychiatric morbidity12 14, and mental 

health challenges may be nearly universal parts of the lived experience of the autistic people 

of all ages. However, some indication that more cohesive and precise terminology when 

referring to conditions that occur along with autism is needed. It may be important to 

distinguish whether autism and the other condition share etiologic origin (and may share 

defining characteristics i.e., sub phenotype) or are resulting from autism related disparities or 

health influences of behaviours developed to cope with symptoms of autism 15 98. In 

epidemiology this is an issue of major importance, conditions occurring more often in autistic 

than individuals in general population could confound results and jeopardize the causal 

inference, and thus need to be controlled or adjusted for. However, overadjustment can as 

well lead to spurious results. To deal with this issue we have considered ADHD a condition 

that that is as autism with an early onset and shares genetic and phenotypic characteristics, 

“truly co-occurring”15. The issue of depression, condition that may at least partly occur due to 

problems autistic individuals face, thus, to be resulting from autism, is more difficult to 

characterize in terms of role on association between autism and given outcome (self-harm in 

study IV).  

We may assume that autism99 (exposure) and self-harm92 (outcome) independently have a 

common effect (depression). If this assumption is correct, controlling for depression (“effect” 

of both exposure and outcome) may distort the association between autism and self-harm 

(Figure 4). 

 Figure 4. Illustration of theoretical framework for confounding C (left) and collider variable 

B (right)100. 

 

 

 

It is also tempting to address depression or other psychiatric disorders as mediators of 

associations between autism and adverse outcomes such as school failure or self-harm, i.e., to 

elucidate any direct versus any indirect effect of autism per se by adjustment for such 

disorders. Such an adjustment, however, rests on important assumptions that there is no 

confounding, not only of the exposure-outcome association, but also of the exposure-
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mediator or mediator-outcome associations. If these assumptions are not met, adjustment for 

a mediator may introduce strong bias.  

In the studies comprising this thesis, that were based on data that lacked granular information 

on some risk factors, we thus refrained from adjustment for psychiatric co-morbidities that 

could have resulted from autism to avoid overadjustment and collider bias.   

 

7 ETHICAL CONSIDERATIONS 

 

All studies were approved by Regional Ethical Boards in Sweden, the Ethical Board in 

Stockholm (Study I-III) and Linköping (Study IV). The studies did not entail any experiments 

on humans or animals. They instead raise possible ethical issues related to breaches of 

integrity due to the utilization sensitive data from registers as collated by health and other 

services. The possible stigmatization of autistic individuals related to disclosure of negative 

outcomes is another ethical problem. These issues are considered below.  

7.1 REGISTER STUDIES 

To minimize integrity issues, and protect against inappropriate use or disclosure, all data was 

managed with uttermost care according to rules and regulations of data security. 

Confidentiality has been always maintained. All data were pseudo-anonymized before being 

made available to the research group, and only aggregated results are presented. Keys linking 

the study subject’s identifier to personal identity numbers are held by Statistics Sweden and is 

not available to our research group or any other partner.  

7.2 AUTISM AND ASPECTS OF STIGMA 

Autism is in our studies presented in the light of adverse effects of this condition, this may 

risk labelling of the autistic specific population as particularly prone to poor educational and 

health outcomes, possibly instigating stigma. Stigmatizing could lead to discrimination of the 

autistic people in the labour market and elsewhere. However, information on these outcomes, 

and the underlying within-group-risk-factors, is essential for service planning and 

interventions to reduce inequalities, increase quality of life in autistic individuals and prevent 

suicides in these individuals in the long run. 

This ethical consideration requires careful consideration of the language use in scientific as 

well as lay communication of the research. In formulating such communication, it is essential 

to avoid ableist language (the assumption that disabled people are inferior to nondisabled 

ones) to avoid marginalization of autistic people. Furthermore, it is important to ensure that 

the information will be of practical use for services, autistic individuals, and their families 

and can have a positive impact on the lives of concerned individuals. For example, this could 
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be done through emphasis of the exploration of any modifying factors and amenable societal 

interventions and highlighting also beneficial outcomes.  
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8 CONCLUSIONS 

 

This thesis provides evidence for substantial disparities regarding the two investigated 

outcome domains, educational performance in mainstream schooling, and self-harming 

behaviours between autistic and non-autistic individuals.  

Autistic individuals without ID attend mainstream education are expected to perform equally 

and along with their non-autistic peers in pursue of knowledge as well as self-image and self-

esteem. These are all foundations of future life prospects. This thesis, however, demonstrates 

that autistic students are at risk of substantial underperformance during the primary and 

secondary stages of education. This risk was particularly high among autistic females and 

autistic students with a diagnosis ADHD. In societies advocating inclusion, these 

discrepancies may be regarded as unacceptable inequalities rather than problems owned 

solely by autistic individuals and their families. Findings from this thesis thus emphasize an 

urgent need of further development of the education system to strengthen the support to 

autistic students.  

This thesis adds evidence of profound burden of self-harming behaviour, including that such 

behaviour is not only more common, but also more strongly linked to suicide, in autistic 

individuals from adolescence to the middle age. It has furthermore expanded the knowledge 

on autism-specific features of self-harm, indicating that self-cutting may play a particularly 

adverse role in suicidality. Inferring from this evidence, suicidality in autistic individuals who 

present to medical services with self-harm should be carefully assessed and treated. The 

results further suggest that the appraisal of psychiatric morbidity and method of self-harm are 

important aspects of the suicidality assessment of autistic patients.  

 

9 FUTURE PERSPECTIVES 

 

Using large population-based cohorts with prospective data in Sweden, the aim of the present 

work was to elucidate two critical domains of outcomes. Firstly, the formal educational 

outcomes in autistic students without ID in mainstream schools, and secondly self-harm 

behaviours and its relationship to suicide in autistic adolescents and young adults. 

The findings highlight several issues and raise new questions for future research. For 

example, the clear indication that sex modifies the risks of poor outcomes in autism warrants 

further investigation. Moreover, adequate diagnostic instruments, validated in the autistic 

population are needed in psychiatry (and fortunately, some efforts in this area are being 

made)101. Research to develop therapeutic actions that can meet care needs and prevent 

suicide among autistic self-harmers is also urgently need. Additionally, work should also be 
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devoted to elucidation of the underlying mechanisms behind self-harm in autism. 

Specifically, it is important to disentangle how co-morbid psychiatric or somatic conditions, 

subclinical and clinical features core symptoms in autism, and psychological consequences 

related to the disability in day-to-day life, respectively, all affect the risk for and 

consequences of self-harm in autistic people.  

The findings of substantial disparities in educational attainment, a formal necessary 

requirement for higher education and gainful employment, urgently incites new research of 

how the education system can be developed to mitigate barriers faced by autistic students. 

Educational outcomes are determined by factors at several levels including at the 

cultural/societal (e.g., support systems, educational policies, and values), social (e.g., school 

environment such as the physical environment, attitudes towards inclusion, peer relation, 

bullying), familial (e.g., genetic factors and parental support, educational capital, and 

socioeconomic position) and individual (student´s characteristics). Further work is needed to 

identify how interventions in all these levels may contribute to higher educational attainment 

in autistic students. Such work may include, but indeed not be limited to, epidemiological 

approaches such as cross-country comparisons and natural experiments utilizing policy 

changes as instrument variables.  

Another perspective for future research includes biases based on contemporary teachers´ 

perceptions regarding teaching and rating of autistic students. Such efforts are ongoing like 

recent work in Sweden on interventions aimed to increase teachers´ understanding of autistic 

children102. 

Future interventional research work should be planned and executed in co-creation with 

relevant actors to ensure feasibility, acceptability, and appropriateness. Relevant actors 

include autistic individuals and their families, education and health service policy makers and 

commissioners, health care and social service providers as well as school leaders and 

teachers.  

9.1 CLINICAL IMPLICATIONS  

On the individual level, close monitoring of suicidality in all autistic individuals seeking care 

for self-harm is needed. This assessment probably should extend beyond evaluation of 

psychiatric morbidity and include far more general issues of the living experience of autistic 

people. Furthermore, there is evidence of a variety of barriers to the provision of evidence-

based mental health care for autistic people. These may include limited experience and 

knowledge of autism among health care practitioners, resulting in lower confidence working 

with autistic adults”103. Thus, capacity building, including education about autism, of the 

medical work force may be an important means of strengthening the health system and care 

for autistic people.  

On the health policy level, a more exhaustive inclusion of health care needs specific to the 

autistic population, including updated clinical guidelines, is called for.  
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