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Abstract
Severe childhood aggressive behaviors are known to predict negative outcomes later in life; however, little is known about 
the effect of when in childhood aggression problems are diagnosed. While an earlier first diagnosis of problematic aggressive 
behavior might be associated with increased severity and, thus, worse outcomes, it is also possible that an earlier diagnosis 
affords an earlier start of treatment programs or indicates that greater attention is being paid to behavioral problems, thus 
resulting in attenuation of the severity of childhood aggression’s impact on distal outcomes. The current study analyzed data 
from the population-based Swedish Data Registries, which include data on all children formally diagnosed by the Swedish 
medical system with a wide range of aggression problems between ages 8 and 18 (N = 5816) during the years 1987–2013, 
along with a matched control. Time-to-event analyses investigated whether the age at time of diagnosis affects later life out-
comes while controlling for relevant confounders. Results show that for both boys and girls, those with a later diagnosis had 
lower average incomes (regression coefficient b = − 0.055, p < 0.005) and a higher probability of having a criminal record 
(odds ratio 1.126, p < 0.005) than children with earlier diagnoses. The effect on suicide attempts was not significant after 
correcting for multiple testing (odds ratio 1.264, p = 0.016). Grade score was not significantly affected. The results warrant 
further research concerning the potential advantage of earlier diagnoses, especially concerning generalizability beyond the 
Swedish population.
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Introduction

Childhood aggression is a serious problem for society at 
large as well as for the individual. It is one of the most com-
mon forms of childhood maladjustment [1–3]. Aggression 
inflicts a large personal, psychological, and financial burden 
on the affected individuals, their friends and families, and 

society as a whole [4–6]. Aggressive children often have 
worse outcomes later in life, including poorer health out-
comes [7, 8], worse performance and greater peer rejection 
in school [9, 10], less earning potential later in life [11] and 
higher risk of criminal behavior [12, 13]. While it is known 
that childhood aggression predicts worse outcomes later in 
life, it is unclear whether the age at which a child is first 
diagnosed with problem behaviors related to aggression 
impacts societal and individual outcomes. An earlier diag-
nosis could reflect more severe problem behaviors, in which 
case outcomes are expected to be more severe [14, 15]. How-
ever, it is also possible that an earlier diagnosis affords ear-
lier access to treatment or that it results in an overall greater 
level of attention being paid to a child’s behavioral issues, 
potentially leading to an attenuation of the severity of out-
comes. The current study seeks to address this question by 
examining the effect of when a child is first diagnosed with 
an aggressive behavior problem on outcomes later in life.

As a first attempt to address this question, this study con-
siders a range of diagnoses related to childhood aggression 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s0078​7-018-1250-9) contains 
supplementary material, which is available to authorized users.

 *	 Gitta Lubke 
	 glubke@nd.edu

1	 Department of Psychology, University of Notre Dame, 
Notre Dame, USA

2	 Institute of Neuroscience and Physiology, Centre for Ethics 
Law and Mental Health, Gillberg Neuropsychiatry Centre, 
University of Gothenburg, Gothenburg, Sweden

3	 Department of Medical Epidemiology and Biostatistics, 
Karolinska Institutet, Stockholm, Sweden

http://crossmark.crossref.org/dialog/?doi=10.1007/s00787-018-1250-9&domain=pdf
https://doi.org/10.1007/s00787-018-1250-9


900	 European Child & Adolescent Psychiatry (2019) 28:899–911

1 3

and conduct problems to encompass a broad definition of 
aggression. Some researchers have limited definitions of 
persistent aggression problems to diagnoses of conduct 
disorder (CD) or oppositional defiant disorder (ODD) [16]. 
According to both the Diagnostic and Statistical Manual of 
Mental Disorders (DSM) and the International Statistical 
Classification of Diseases and Related Health Problems 
(ICD), CD’s defining characteristic is aggressive behavior 
that results in “significant impairment in social, academic, or 
occupational functioning” and violation of the fundamental 
rights of others or societal norms or rules [17, 18]. There is 
also a history in the literature of viewing ODD as a milder 
form of aggressive problem behavior and, thus, a potential 
precursor to CD [19]. Meanwhile, others have taken a more 
broad definition of aggressive behavior, to include not only 
diagnoses of CD and ODD, but also other behaviors, both 
physical and relational, that aim at hurting or harming oth-
ers [5, 10, 20].

Employing a definition of problematic aggressive behav-
ior that is broader than a CD or ODD diagnosis has both 
advantages and limitations. A strict definition of only a CD 
or ODD diagnosis would ideally increase consistency and 
focus research on cases that are severe enough to reach these 
clinical standards. However, Loeber, Burke, Lahey, Winters, 
and Zera [21] found that there is often disagreement among 
clinicians regarding weather some symptoms are part of 
ODD or CD and that CD exhibits clear heterogeneity. This 
might explain why these researchers found that estimates 
of the prevalence of CD in children range from 2 to 16% 
depending on the specific population under study as well as 
the particular sampling method employed. Rowe, Costello, 
Angold, Copeland, and Maughan [19] also found that treat-
ing ODD simply as a milder case of CD ignores important 
differences in the symptoms and subtypes of both condi-
tions. By implementing a broader definition of aggressive 
behavior than a CD or ODD diagnosis, researchers have 
been able to avoid the potential inconsistencies in diagnosing 
these two specific conditions as well as focus on distinctions 
between physical and verbal aggression and include other 
behaviors that can be considered aggressive in nature, such 
as indirect aggression, disruptive actions, and troublesome 
behaviors [5, 10, 20].

Given the heterogeneity of CD and ODD [19, 21] and the 
ability of a broader definition to capture a wider range of 
aggressive behaviors and conduct problems, a more compre-
hensive definition seemed appropriate for this initial investi-
gation into the effects of the timing of the first diagnosis of 
problematic behaviors related to aggression. In particular, a 
first diagnosis was recorded when a child received an initial 
diagnosis of CD, ODD, other or unspecified conduct prob-
lems, or adjustment disorder with conduct or emotional dis-
turbances. This broad definition permits assessing the impact 

of aggressive behaviors and conduct problems beyond those 
of CD or ODD.

It is well known that the expression of aggressive behav-
iors differs for boys and girls [5, 11]. There is typically con-
sensus that overall boys exhibit more aggression than girls 
[22, 23] and CD diagnosis rates are higher in boys (13.2%) 
than in girls (3.7%) [19]. However, some studies have found 
that girls exhibit higher levels of relational aggression than 
boys [24], but other studies have failed to find this difference 
[25–27]. Wildeboer et al. [10] and others [28] recommend 
studying aggression separately in boys and girls to prevent 
the possibility of a Simpson’s paradox from obscuring the 
true direction of effects. In accordance with this suggestion, 
the analyses of childhood aggression in this study were car-
ried out separately for boys and girls.

In this study, population-based Swedish Data Registries 
were investigated to assess the potential effects of the tim-
ing of an initial diagnosis on later life outcomes for boys 
and girls. The Swedish Data Registries contain information 
for the entire population of Sweden, recorded each year 
on a large number of variables. All boys and girls who are 
diagnosed with an aggression problem are recorded in these 
registries, along with relevant covariates and distal outcome 
variables. The healthcare system in Sweden is universal 
and government funded, and because these children were 
identified by the healthcare system as having an aggression 
diagnosis, it is reasonable to assume that when they were 
diagnosed with an aggression problem, these children were 
also given access to different potential treatment options, 
or at least doctor recommendations on how to address the 
child’s aggressive behavior. However, the Swedish data reg-
istries contain information neither on the potential treatment 
options offered to children at the time of their diagnosis nor 
on the success rates of different treatment plans. Therefore, 
this study is limited to consider the impact of the time of 
initial diagnosis, while understanding that for some chil-
dren this could also be the time of initial access to treatment 
options.

This study’s main aim was to investigate the effects of age 
of first diagnosis for boys and girls on four important areas 
of societal life: mental health, educational performance, eco-
nomic success, and criminal activity. The selected outcomes 
were suicide risk, school performance, personal income, 
and criminal record. In a first set of analyses we compare 
individuals with a diagnosis and undiagnosed controls with 
respect to associations of these four outcomes, while control-
ling for potentially relevant background variables, including 
neighborhood deprivation, mothers’ education and crimi-
nal record, and family income. Next, time-to-event analysis 
[29] was used to investigate whether the age of initial diag-
nosis mediates the effects of the background variables on 
the four outcomes. This is the first time-to-event analysis to 
examine the effects of the timing of an initial diagnosis on 
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later life outcomes. More severe cases of aggression might 
be detected at an earlier age and, thus, might also present 
with more severe outcomes. If earlier diagnosis is predictive 
of less severe outcomes, then such a result would support 
efforts to strive for early detection of aggression problems.

Methods

Data

Similar to previous population registry studies [30–33], 
several longitudinal population-based registries in Swe-
den were combined using a unique personal identification 
number, which renders linkage across registers possible, to 
obtain a large collection of variables. Age at first diagnosis 
was defined as the age of a subject when he or she received 
an initial inpatient or outpatient medical procedure which 
resulted in an assigned ICD code for problematic aggressive 
behavior. Due to data availability, the year range consid-
ered in this study was between 1987 and 2013. The ICD-9 
code of 312 was used to define aggressive behavior from 
1987 to 1996, and the ICD-10 codes F43.24, F43.25, F90.1, 
F91.1–9, and, F92.0–9 were used from 1997 to 2013.

Exposure

In the entire population of Sweden, between 1987 and 2013, 
a total of 17,044 subjects were recorded with an aggression 
diagnosis. This study focused on the 5816 case subjects who 
were diagnosed between the ages of 8 and 18 and who had 
reached the age of 18 by the end of 2013. Diagnoses that 
occur before the age of 8 may not be reliable, and those that 
happen after age of 18 concern adult, not childhood, aggres-
sion [34, 35]. All case subjects included in the final analyses 
were born between 1987 and 1995. All subjects needed to 
be at least 18 years old by 2013, so information on their 
outcome variables would be available. Controls were defined 
as subjects without a diagnosis of Attention Deficit Hyper-
activity Disorder (ADHD) or any of the aggressive problem 
diagnoses mentioned earlier. Matching was done based on 
geographic region, age, and sex. The total final sample size 
was N = 11,632 (6462 boys and 5170 girls), with an equal 
number of cases and controls.

We investigated the utility of a large number of poten-
tially relevant covariates and distal outcomes in an explora-
tory partition of the data (see “Exploratory Analyses” and 
Supplemental Material for more detail). The covariates and 
outcomes that were selected in the exploratory analyses are 
described in more detail below.

Covariates

The selected covariates were the subjects’ mother’s maxi-
mum education level achieved as well as her criminal con-
viction history, the subjects’ average Neighborhood Depriva-
tion score and average Family Income, and whether or not 
the subject also had an ADHD or ODD diagnosis.

Mother’s maximum education level was based on a 
7-point scale, with 1: primary school < 9  years, 2: pri-
mary school 9 years, 3: upper secondary school ≤ 2 years, 
4: upper secondary school > 2 years, 5: post secondary 
school < 3 years, 6: post secondary school ≥ 3 years, and 7: 
postgraduate education. Mother’s criminal conviction was 
scored as 1 if the mother had any criminal convictions and 
0 otherwise. The subject’s Neighborhood Deprivation (ND) 
score [36] is a composite score of eight deprivation indica-
tors for the neighborhood where each subject lived at the 
end of the calendar year. The ND score includes the neigh-
borhood’s median disposable income, proportion of welfare 
recipients, proportion of people unemployed, proportion of 
divorced individuals, proportion of people with only primary 
school qualifications, proportion of immigrants, residential 
mobility rate, and criminal conviction rate. The ND scores 
were transformed to z scores, with higher ND scores cor-
responding to higher levels of “deprivation” in the subject’s 
neighborhood.

The subject’s average Family Income was computed as 
the arithmetic mean from the annual values of the subject’s 
family’s disposable income, as recorded in the Swedish 
Tax Registry for each year. All yearly income values were 
adjusted for inflation and scaled to the 2015 Swedish Krona.

Diagnoses of Attention Deficit Hyperactivity Disorder 
(ADHD) often precede a diagnosis of problematic aggres-
sive behavior, and some researchers view Oppositional 
Defiant Disorder (ODD) as a lesser form of aggression [14, 
17, 37]. ADHD is characterized by a persistent pattern of 
inattention and hyperactivity, and ODD symptoms, which 
are typically less severe than the symptoms of CD, include 
having an angry or irritable mood and losing one’s temper 
on a regular basis [17, 18]. While ADHD is not defined by 
aggressive behavior, research has consistently shown high 
levels of comorbidity between the ADHD, ODD, and CD 
[38]. Thus, we included previous ADHD as a predictor as 
well as ODD.

Previous ADHD diagnoses were defined as diagnoses 
having occurred prior to an initial diagnosis as defined pre-
viously. Subjects were considered to have a previous ADHD 
diagnosis if they had at least one inpatient or outpatient med-
ical procedure in Sweden where the recorded reason for the 
visit was an ICD-9 (314, 314J, 314W, or 314X) or ICD-10 
(F90.0–9) code for ADHD or if the subject had received a 
prescription for the ADHD medication Amfetamine, Dexa-
mfetamine, Methylphenidate, or Atomoxetine [32]. Subjects 
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were considered to have an ODD diagnosis if they had at 
least one inpatient or outpatient medical procedure in Swe-
den with a reported ICD-10 code (F91.3) for ODD.

Distal outcomes

The selected distal life outcomes were attempted suicide, 
criminal conviction, grade score, and average individual 
income. Attempted suicide was defined as an emergency 
inpatient or outpatient hospital visit or death due to inten-
tional self harm (ICD-10: X60–X84) as recorded in the 
Patient Register and the Cause of Death Register [33]. 
Likewise, subjects’ criminal conviction history was based 
on the National Crime Registry, which records informa-
tion on all convictions at the age of 15 (the age of criminal 
responsibility in Sweden) and older, and was defined as any 
non-traffic offense violation of the penal code [33]. Grade 
Score was the subject’s average grade in school converted 
into a z score, with higher values corresponding to better 
grades, as recorded by the National School Registry [31]. 
Average Individual Income was calculated as the arithmetic 
mean across all annual values of the subject’s individual 
disposable income after age 18, as reported in the Integrated 
Database for Labor Market Research [30]. Individual income 
values were scaled to the 2015 value of the Swedish Krona. 
In addition, the individual’s birth year was regressed out to 
avoid confounding due to the dependence of income on age.

Exploratory analyses

The main interest in this study was the statistical testing of 
the impact of the age at initial diagnosis of aggression. Since 
it is known that Type I error rates are inflated if the selection 
of variables is done using the same data as the significance 
testing of effects [39], the data were randomly split into an 
exploratory set of 2000 cases and controls, and a confirma-
tory set containing the remaining 9632 cases and controls. 
The data splitting provided the opportunity to explore and 
mine a large pool of potentially relevant variables in the 
exploratory partition of the data without compromising the 
statistical testing carried out in the confirmatory part of the 
data. This part of the analysis offers a unique opportunity 
to leverage the information in the Swedish data bases to 
explore potentially important predictors and outcomes over 
and above previously reported variables.

Using the exploratory partition of the data, we evaluated 
the association between potentially relevant background var-
iables with multiple candidates of outcome variables from 
the domains of mental health, educational performance, 
economic success, and criminal activity. The selection of 
predictors and outcomes was based on (1) consideration of 
coverage of the four desired outcome domains, (2) potential 
association between a predictor and at least one outcome as 

defined by a significant association not controlling for mul-
tiple testing, and (3) small intercorrelations (< 0.8) between 
the selected predictors to avoid instability of results due to 
multicollinearity. The exploratory analyses are described in 
the Supplemental Materials.

Main analyses

The planned main analyses consisted of two parts. First, the 
effect of the selected predictors on the four outcomes was 
analyzed without the potentially mediating effect of age-at-
diagnosis (i.e., in Fig. 1 only path 2 is estimated). This part 
of the analysis, therefore, provides the baseline parameters. 
The second part includes age-at-diagnosis in the model, that 
is, all three paths in Fig. 1 are estimated. The comparison of 
the two models permits addressing the main question of our 
study, namely whether age-at-diagnosis mediates the relation 
between background and outcome variables.

Part 1. We compared children with an aggression diag-
nosis (“cases”) and matched controls. Specifically, we car-
ried out a multivariate multiple regression where four of 
the covariates (i.e., subjects’ mother’s achieved maximum 
education level, her criminal conviction history, the sub-
jects’ average Neighborhood Deprivation score and aver-
age Family Income) predicted the four distal outcomes. The 
multiple multivariate regression was carried out separately 
for boys and girls. This part of the analysis provided insight 
into which of the background variables might put cases at an 
increased risk to experience detrimental outcomes compared 
to controls. The model in which all regression parameters 
were estimated separately for cases and controls was com-
pared to four more constrained models. In each of the four 
alternative models, the effects of one of the four outcome 
variables on the covariates were constrained to be equal 
for cases and controls while keeping the other three effects 
unconstrained. To assess significance for individual regres-
sion coefficients, we controlled for multiple testing using the 
spectral decomposition method implemented by Nyholt [40]. 
This method takes into account intercorrelations between 
variables and provides the significance level adjusted for 
multiple testing such that Type I error remains at 0.05. In our 
case, the adjusted significance level was 0.0057.

Part 2. The second analysis consisted of a two-group 
(boys and girls) continuous time Cox proportional hazard 
model using only the case subjects. The aim of part 2 was 
to investigate whether age at the time of diagnosis mediates 
the effects on later life outcomes [41] (see Fig. 1) for diag-
nosed children. All effects were estimated simultaneously. 
We compared three models. In the first model, all effects 
were sex specific; in model 2, the effects of age at diagnosis 
onto the outcomes (“Path 3” in Fig. 1) were constrained to 
be the same for boys and girls; and in model 3, all effects of 
time-to-diagnosis on the covariates (“Path 1” in Fig. 1) were 
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also constrained to be sex invariant. In Mplus, we used the 
mixture setting in combination with the “knownclass” option 
to carry out the multi-group analysis. This setting permits 
regressing group membership (i.e., sex of the child) on the 
covariates such that differences between girls and boys (e.g., 
ADHD, ODD prevalence) are accounted for. In addition, in 
all three models, the direct effects of the covariates on the 
outcomes (“Path 2” in Fig. 1) were always allowed to be 
sex specific.

The models in both parts of our analyses were fitted using 
Mplus version 7.4 [42]. Likelihood ratio tests were done in 
R [43].

Results

Main analyses

The confirmatory data set contained N = 4816 cases (2688 
boys and 2128 girls) and an equal number of matched con-
trols. The descriptive statistics for the selected outcomes and 
covariates for male and female cases and controls are pre-
sented in Table 1. The distributions of age at time of initial 
diagnosis for both male and female cases in the confirmatory 
set are presented in Fig. 2.

Part 1: Multivariate multiple regression. For boys, the 
covariate effects on grade score and on suicide attempts 
could not be constrained to be the same for cases and 
controls (boys: likelihood ratio test statistic (LRTS) 
grade score = 11.598, df = 4, p value = 0.0206, LRTS sui-
cide = 15.744, df = 4, p value = 0.0034). For girls, only 
the effects on personal income corrected for age could not 

be constrained to be equal for cases and controls (LRTS 
income = 18.386, df = 4, p value = 0.001). All effects were, 
however, always in the same direction for cases and controls.

At the significance level adjusted for multiple testing 
(α = 0.0057, see method section), grade score was posi-
tively associated with mothers’ education and negatively 
with neighborhood deprivation for male cases. For male 
controls, grade score was also associated with mother’s 
criminal record and family income. There was a tendency for 
suicide attempts to be predicted by worse neighborhood dep-
rivation, but this effect did not reach statistical significance. 
Suicide attempts were significantly predicted by a lesser 
family income in the controls, but not in the cases. For both 
the male cases and controls, having a criminal record was 
significantly predicted by all four covariates (lower educa-
tional level of the mother, mother having a criminal record, 
higher neighborhood deprivation, and lower family income). 
Personal income of males was significantly predicted by the 
educational level of the mother and less severe neighborhood 
deprivation. In controls, mothers’ criminal record and family 
income were also significantly associated with grade score.

For girls, the personal income for controls was signifi-
cantly predicted by lower neighborhood deprivation and 
higher family income. These effects did not reach signifi-
cance in the case group. Effects that could be constrained to 
be the same for cases and controls were as follows: Crimi-
nal records were predicted by mothers’ criminal record and 
lower family income. Grade score was significantly pre-
dicted by all four covariates, and in the same direction as for 
the boys with detrimental effects of mother having a criminal 
record and higher neighborhood deprivation, and beneficial 
effects of higher educational level of the mother and higher 

grade score 
personal income 
suicide a�empts 
criminal record 

mother’s educa�on 
mother’s criminal record 
previous ODD diagnosis 
previous ADHD diagnosis 
neighborhood depriva�on 
family income 

age at ini�al 
aggression diagnosis 

Path 1 Path 3

Path 2

Fig. 1   Time-to-event model. The path diagram above shows the structure of the three time-to-event models in which age at initial aggression 
diagnosis was modeled as a mediator
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family income. Suicide attempts were not associated with 
any of the covariates. For more details and estimated effect 
sizes, see Table 4.

It is interesting to note that several effects were signifi-
cant in the control group but not in the case group. A set of 
post hoc mixture analyses described in the Supplemental 

Table 1   Descriptive statistics of 
covariates and distal outcomes 
for female and male cases and 
controls

The first four rows are the outcome variables: whether or not the subject has at least one suicide attempt, 
whether or not the subject has at least one criminal conviction, grade score average as a z score, and per-
sonal income adjusted for inflation and measured in millions of SEK (residual value after regressing on 
age). The last six rows are the covariates: mother’s educational level on a 1–7 scale, whether or not the 
mother has at least one criminal conviction, neighborhood deprivation as a z score, average family income 
adjusted for inflation and measured in of SEK, and whether or not the subject has a previous ADHD or 
ODD diagnosis (by definition zero for controls). The mean of the five indicator variables (suicide attempt, 
crime, mother crime, ADHD, and ODD) is the proportion of the sample with that condition, so these val-
ues are presented as percentages. There were 2688 male case subjects and 2128 female case subjects in the 
confirmatory data set, with an equal number of matched controls

Female case Female control Male case Male control

Mean SD Mean SD Mean Sd Mean SD

Suicide attempt 0.7% 8.1% 2.0% 13.9% 0.4% 6.7% 0.7% 8.4%
Crime 33.4% 47.2% 7.4% 26.2% 54.6% 49.8% 16% 36.7%
Grade score − 0.745 1.265 0.184 1.054 − 0.979 1.233 − 0.147 0.929
Personal income 0.146 2.296 − 0.133 2.44 − 0.121 2.577 0.106 3.124
Mother education 3.724 1.382 4.004 1.422 3.637 1.385 4.08 1.441
Mother crime 25.2% 43.4% 12.8% 33.4% 27.2% 44.5% 13.0% 33.7%
Neighborhood deprivation 0.239 0.82 0.078 0.919 0.281 0.883 0.065 0.938
Family income 3.46 2.611 4.708 2.725 3.662 3.179 5.056 3.277
ADHD 46.2% 49.9% 0 0 61.3% 48.7% 0 0
ODD 13.7% 34.4% 0 0 21.7% 41.2% 0 0

Fig. 2   Distribution of age at 
time of initial diagnosis for boys 
and girls. The distribution of 
ages at time of initial diagnosis 
for both boys (N = 2688) and 
girls (2128) in the confirmatory 
data set
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Materials support the explanation that the case group is 
more heterogeneous with respect to the pattern of regres-
sion effects, thus reducing overall effect sizes.

Time-to-event analysis. Neither the difference between 
model 1 (all effects sex specific) and model 2 (regression 
of outcomes on age of diagnosis not sex specific) was sig-
nificant (LRTS = 8.012, df = 4, p value = 0.091), nor the 
difference between model 2 and model 3 (age of diagnosis 
on covariates also not sex specific) (LRTS = 8.386, df = 6, 
p value = 0.211). Taken together, these model comparisons 
show that the effects were very similar for boys and girls. 
Note that the effect of regressing suicide attempts on ODD 
diagnoses was not estimated in these models due to the fact 
that there were no case subjects with an ODD diagnosis who 
had a record of attempted suicide.

Table 3 shows the results of the time-to-event analysis on 
grade score, personal income, criminal record, and suicide 
attempts. Importantly, the individual’s criminal record and 
average income (corrected for birth year) were significantly 
predicted by age of diagnosis, over and above any direct 
effects. A later rather than earlier diagnosis significantly 
predicted a higher probability of having a criminal record 
(p value < 0.005), with an odds ratio of 1.126. Note that 
time-to-event was considered as continuous; hence, the odds 
ratio is the effect over the total time period (age 8–age 18). 
Figure 3 shows that this effect appears to be roughly linear, 
with the probability of having a criminal conviction later in 
life rising as a child’s age at first diagnosis increases across 
the age range. Table 2 provides the total number and percent 
of case subjects who had a criminal conviction grouped by 
age at time of diagnosis. To ensure that only criminal con-
victions were considered that occurred after the first diag-
nosis, we also fitted the models to data limited to subjects 
diagnosed before age 15, which is the minimum age of a 
criminal record in our data. Although the number of cases 
in this additional analysis decreased to N = 2563, the effect 
on criminal records was still statistically significant, showing 
an odds ratio of 1.136. 

Average income was also significantly predicted by age 
at time of diagnosis, over and above any direct effects. Per-
sonal income was lower as age at initial diagnosis increased, 
with a regression coefficient of b = − 0.055, se = 0.015, 
t = − 3.610, p value < 0.005. Figure 3 shows that this effect, 
excluding age 8, is roughly linear with most of the decrease 
in individual income coming when age at first diagnosis is 
16 or higher. Table 2 provides the average individual income 
for the 4816 case subjects grouped by age at diagnosis. The 
effect of age at diagnosis onto suicide attempts was not sig-
nificant after correcting for multiple testing (the observed 
p value of this effect was 0.016, see Table 3). As Table 2 
shows, 25 of the 26 case subjects who had a suicide attempt 
were 14 or older at the time of their first diagnosis, although 

this effect was not statistically significant. Grade score was 
not significantly affected by age at first diagnosis.

Importantly, none of the regressions of age at time of 
diagnosis on the covariates were significant except for a pos-
itive effect on ODD diagnoses. This means that the effects 
of age at initial diagnosis onto criminal records and per-
sonal income are independent of neighborhood deprivation, 
mother’s education and criminal record, and family income.

The pattern of direct effects of the covariates on the four 
outcomes matched the results of the multivariate multiple 
regression effects of the cases. Criminal records were posi-
tively predicted by mother’s criminal record, neighborhood 
deprivation, and also by previous ADHD diagnoses. Grade 
scores were predicted by mother’s education, neighborhood 
deprivation, family income, and ADHD diagnosis. Personal 
income was negatively affected by neighborhood depriva-
tion. The effect of neighborhood deprivation onto suicide 
attempts did not reach significance.

Discussion

This study was a first attempt to investigate whether the age 
at first diagnosis of problem behaviors related to aggres-
sion has any impact on outcomes during late adolescence or 
early adulthood. The focus was on school grades, income, 
criminal records, and suicide attempts. The main finding 
was that a later diagnosis predicts a higher probability of 
having a criminal record after age 15 and a lower income as 
a young adult. Age at time of diagnosis did not affect grade 
scores. The effect of age at time of diagnosis on suicide 
attempts was not significant after correcting for multiple 
testing. Importantly, the analyses showed that the predic-
tive effects of the timing of when the diagnosis occurred on 
later income and criminal records are independent of effects 
of background variables that were included in the analyses 
(i.e., mother’s education and criminal records, neighborhood 
deprivation, family income, ADHD and ODD diagnoses). 
The effects were very similar for boys and girls.

Our results point in the direction that an early diagnosis 
could provide the basis for intervention and treatment set-
tings, which may influence the developmental trajectory into 
later criminality. While very few larger-scale studies have 
investigated the specific effects of timing of interventions 
for any neurodevelopmental or disruptive disorder, early 
intervention has been shown to be effective, especially in 
children with high initial risk [44]. Our results are also con-
sistent with the finding that early intervention has a positive 
effect on long-term outcomes related to criminality [45]. 
The effects are in line with the understanding that neural 
plasticity in the developing brain makes it particularly sus-
ceptible to a broad range of interventions. However, given 
the fact that our data did not contain information on the start 
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Fig. 3   Effect of Age at Initial 
Diagnosis on Outcomes. These 
plots show 1 the proportion of 
case subjects in the confirma-
tory data set with a criminal 
conviction, 2 the average 
personal income level, adjusted 
for inflation and measured in 
thousands of SEK (residual 
after regressing out age), 3 the 
proportion of case subjects 
with a suicide attempt, and 4 
the average grade score (on a z 
scale) all grouped by how old 
the case subject was at the time 
of their initial aggression diag-
nosis. The effect of age at diag-
nosis on criminal convictions 
and average personal income 
are statistically significant. The 
effect on suicide attempts is not 
significant after adjusting for 
multiple testing, and the effect 
on grade score is not significant
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of any treatment, some caution is warranted. For instance, it 
could also be possible that a later diagnosis is merely indica-
tive of persistence, which in turn might be related to poorer 
outcomes.

In addition to the main analyses focusing on age at time 
of initial diagnosis, we also compared cases and controls 
in a multivariate multiple regression to assess the predic-
tive effects of mother’s education and criminal history, 

Table 2   Criminal record, 
suicide attempt, personal 
income, and grade score 
grouped by age at diagnosis

Criminal Conviction is the number of case subjects in each group of age of initial diagnosis who have at 
least one criminal conviction. Average Personal Income is the residual value after regressing age out of 
average individual income, adjusted for inflation and measured in thousands of SEK. Suicide Attempt is 
the number of case subjects with at least one suicide attempt. Average Grade Score is the student’s average 
grade in school, measured as a z score. In the last row total values are presented for N, Criminal Convic-
tion, and Suicide Attempt, and mean values are presented for Average Personal Income and Average Grade 
Score

Age at diagnosis N criminal conviction Average per-
sonal income

Suicide attempt Average 
grade 
score

8 92 35 (38%) − 1867 0 (0%) − 0.94
9 102 26 (25%) 1677 0 (0%) − 0.68
10 156 57 (37%) 352 0 (0%) − 0.76
11 220 83 (38%) 1352 1 (< 0.5%) − 0.83
12 258 114 (44%) − 373 0 (0%) − 0.89
13 400 177 (44%) 1110 0 (0%) − 0.83
14 621 280 (45%) 1269 5 (1%) − 0.95
15 821 355 (43%) 1629 6 (1%) − 0.98
16 841 413 (49%) 456 5 (1%) − 0.98
17 810 397 (49%) − 1843 7 (1%) − 0.76
18 495 242 (49%) − 3734 2 (< 0.5%) − 0.69
Total/mean 4816 2719 (45%) 3 26 (1%) − 0.85

Table 3   Time-to-event (age at initial diagnosis) on grade score, personal income, criminal record, and suicide attempt

Regression coefficients and p values (within brackets) of Model 3. The significance level corrected for multiple testing is 0.0057, and significant 
effects are presented in bold. Model 3 is the survival model in which only the direct effects (“Path 2” in Fig. 1) are permitted to be sex specific 
(see methods section). The effects of the predictors on the age of diagnosis (“Path 1” in Fig. 1) are constrained to be the same for boys and girls, 
as is the effect of age at diagnosis on the 4 outcomes (“Path 3” in Fig. 1). Note that effects of suicide attempts on ODD diagnosis were not esti-
mated because none of the ODD cases had recorded suicide attempts (see “Method” section)

Time-to-event
Age at diagnosis

Four outcomes

Grade score Personal income Crime Suicide attempt

Boys
 Previous ADHD 0.052 (0.033) − 0.264 (< 0.0005) − 0.283 (0.013) 0.657 (< 0.0005) − 0.319 (0.573)
 ODD 0.306 (< 0.0005) 0.035 (0.777) 0.035 (0.777) − 0.080 (0.444) Not estimated
 Mother education − 0.010 (0.261) 0.107 (< 0.0005) − 0.094 (0.013) − 0.083 (0.010) 0.083 (0.769)
 Mother crime 0.026 (0.355) 0.019 (0.751) − 0.072 (0.518) 0.459 (< 0.0005) − 1.311 (0.190)
 Neighborhood deprivation 0.025 (0.098) − 0.102 (< 0.0005) − 0.266 (< 0.0005) 0.173 (0.001) − 0.853 (0.071)
 Family income 0.006 (0.168) 0.034 (0.005) 0.053 (0.041) − 0.083 (0.011) − 0.037 (0.573)

Girls
 Previous ADHD Constrained to be the 

same for boys and girls
− 0.416 (< 0.0005) − 0.307 (0.002) 0.725 (< 0.0005) − 0.236 (0.720)

 ODD 0.016 (0.847) 0.193 (0.208) − 0.162 (0.272) Not estimated
 Mother education 0.153 (< 0.0005) 0.006 (0.871) − 0.003 (0.932) − 0.197 (0.458)
 Mother crime − 0.211 (0.003) 0.075 (0.533) 0.480 (< 0.0005) − 1.231 (0.237)
 Neighborhood deprivation − 0.067 (0.071) − 0.126(0.030) 0.105 (0.080) − 0.287 (0.272)
 Family income 0.055 (< 0.0005) − 0.033 (0.092) − 0.165 (< 0.0005) − 0.061 (0.544)

Constrained to be the same for boys and girls
 Age at diagnosis – − 0.005 (0.505) − 0.055 (< 0.0005) 0.119 (< 0.0005) 0.234 (0.016)
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neighborhood deprivation and average family income on 
suicide attempts, criminal records, grades, and income 
without taking into account age at diagnosis. All four out-
comes were associated with one or more of the predictor 
variables in both boys and girls (see Table 4 for details). 
These effects were very similar to the covariate effects found 
in the time-to-event analysis, in accordance with the finding 
that the effects of the age at diagnosis are independent of 
these covariate effects. Interestingly, multiple effects were 
more pronounced in controls compared to cases. A possi-
ble explanation is that cases are more heterogeneous with 
respect to the pattern of regression effects of the background 
variables onto the four outcomes, leading to non-significant 
results overall. In secondary analyses, we fitted the multi-
ple multivariate regression models as mixture models with 
additional classes. The results showed that based on BIC, 
more classes improved the fit for cases, but not for controls. 
This finding provides an interesting angle for future research 
as it indicates that subgroups of cases with a higher risk of 

detrimental outcomes characterized by specific patterns of 
background variables may be identifiable.

Limitations

The current study has several limitations. As other studies 
that utilize registry data have indicated [30–33, 46], there 
are certain benefits and limitations to analyzing registry 
data. The larger sample size they provide comes at the cost 
of limited flexibility with how the data are collected and 
how variables are operationalized. For instance, we did not 
have data indicating the severity of the initial aggression 
diagnosis nor the different symptom combinations that led 
to the given diagnosis. On the other hand, the Swedish Data 
Registries have been validated for several conditions. Idring 
et al. [47] scrutinized medical records in several registers, 
and reported a high correlation between medical records 
and registered diagnoses of ASD. Validation studies have 
also been conducted for tic disorder, obsessive compulsive 

Table 4   Multivariate multiple regression of distal outcomes on covariates

The rows are mother’s educational level on a 1–7 scale, whether or not the mother has at least one criminal conviction, neighborhood deprivation 
as a z score, and average family income adjusted for inflation and measured in thousands of SEK. The columns are the four outcome variables: 
grade score average as a z score, personal income adjusted for inflation and measured in thousands of SEK (residual value after regressing on 
age), whether or not the subject has at least one criminal conviction, and whether or not the subject has at least one suicide attempt. If cases and 
controls differ with respect to the regression effects two p values are shown (cases first). The significance value corrected for multiple testing is 
0.0057. Significant effects at this level are shown in bold

Grade score Personal income Crime Suicide attempt

Effect size (SE) p value Effect size (SE) p value Effect size (SE) p value Effect size (SE) p value

Boys
 Mother educa-

tion
0.113 

(0.021)/0.157 
(0.014)

0.000/0.000 − 0.101 (0.030) 0.001 − 0.089 (0.025) 0.000 0.100 
(0.290)/− 0.087 
(0.180)

0.729/0.631

 Mother crime 0.007 
(0.059)/− 0.201 
(0.054)

0.901/0.000 0.173 (0.101) 0.086 0.527 (0.079) 0.000 − 1.321 
(0.999)/0.831 
(0.499)

0.186/0.096

 Neighborhood 
deprivation

− 0.100 
(0.036)/− 0.086 
(0.028)

0.005/0.002 − 0.341 (0.045) 0.000 0.211 (0.041) 0.000 − 0.881 
(0.498)/− 0.373 
(0.214)

0.077/0.081

 Family income 0.034 
(0.013)/0.029 
(0.006)

0.006/0.000 0.050 (0.018) 0.005 − 0.087 (0.024) 0.000 − 0.041 
(0.120)/− 0.504 
(0.153)

0.732/0.001

Girls
 Mother educa-

tion
0.174 (0.014) 0.000 0.008 

(0.039)/− 0.088 
(0.040)

0.834/0.025 − 0.015 (0.033) 0.654 − 0.029 (0.114) 0.798

 Mother crime − 0.212 (0.050) 0.000 0.069 
(0.122)/0.084 
(0.163)

0.571/0.604 0.565 (0.097) 0.000 0.378 (0.358) 0.290

 Neighborhood 
deprivation

− 0.081 (0.023) 0.000 − 0.112 
(0.059)/− 0.226 
(0.063)

0.056/0.000 0.110 (0.051) 0.030 0.028 (0.158) 0.859

 Family income 0.061 (0.009) 0.000 − 0.029 
(0.020)/0.080 
(0.023)

0.150/0.001 − 0.160 (0.029) 0.000 − 0.136 (0.078) 0.083
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disorders, and psychotic disorders, and high reliability and 
validity have been reported for these conditions [48, 49].

As Chang et al. [30] point out, registry studies are inher-
ently observational in nature, so causal interpretations are 
inappropriate due to the possible influence of other vari-
ables. For example, childhood aggression is known to co-
occur with substance abuse issues, which can also lead to 
detrimental outcomes such as those seen in this study [6, 
13, 50]. It is possible that substance abuse contributes both 
to greater aggression and to the negative outcomes in this 
study, or that either aggression or substance use mediates 
the effect of the other on outcome variables. With obser-
vational data such as are available in data registries, causal 
implications are unclear and the influence of other factors is 
impossible to rule out.

We acknowledge the low prevalence of diagnosed prob-
lematic aggressive behavior, possibly due to a reluctance of 
clinicians to assign a diagnosis in the presence of another 
previously diagnosed disorder (e.g., ADHD). The low preva-
lence of diagnoses can be deducted from data showing that 
Sweden’s population in 2013 was estimated to be 9.6 million 
people [51], while 17,044 people recorded with an initial 
diagnosis in the Swedish data registries. The 5816 case sub-
jects in this study were born between 1987 and 1995, during 
which time just over 1 million live births were recorded in 
Sweden [51]. Furthermore, the lack of data regarding the 
type and length of treatment also precludes a definite conclu-
sion about the importance of age at diagnosis. However, as 
an initial investigation into the effects of the age at diagnosis 
on later in life outcomes, the general trend of earlier diag-
noses resulting in better outcomes merits further investiga-
tions into the effectiveness and impact of different treatment 
options available at the time of the aggression diagnosis.

The benefit of registry studies is large-scale, systematic 
data collection that does not place any additional data col-
lection burdens on the subjects. Children’s medical visits in 
Sweden were already being recorded by the medical profes-
sionals, so children who had aggression problems could be 
included in this study without the need for them or their 
families to fill out an additional survey or respond to data 
collection requests. Similarly, the tax and school records 
were already collected by the Swedish government, so these 
variables could be analyzed without the need to question 
individuals directly. Additionally, all the variables in the 
analysis were collected and defined the same way for every 
subject, allowing for a systematic investigation into effects 
of interest.

Finally, all data used in this study were collected in Swe-
den, thus, limiting the generalizability of results to other 
countries where diagnosis of aggression, treatment, and the 
pattern of factors influencing outcomes such as those used 
in the current study might be different. For example, Broidy 
et al. [5] found differences in the developmental trajectories 

of childhood aggressive behavior across Canada, the United 
States, and New Zealand. In the future, we plan to utilize 
data from the ACTION consortium to assess similarity of 
results across different European countries [52, 53]. Also, 
even with large samples such as the one used in this study, 
associations with suicide attempts are challenging to esti-
mate due to the low prevalence. Although the effect of the 
timing of initial diagnosis was not statistically significant 
in our study after correcting for multiple testing, any factor 
that may reduce the risk of suicide attempts in adolescents 
clearly deserves additional research.
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