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Background: Comorbidity between neurodevelopmental disorders and psychotic disorders is common,
but little is known about how neurodevelopmental disorders influence the presentation and outcome of
first episode psychosis.

Methods: A nation-wide cohort (n=2091) with a first hospitalization for psychosis between 2007-2011
and at ages between 16-25at intake was identified from Swedish population registries. Comorbid
diagnoses of neurodevelopmental disorders were identified at first psychosis hospitalization and for

{f:y Z‘ggg; ADHD also by dispensations of psychostimulants before the first psychosis hospitalization.
Sci,lizophrenia Data from the registers on hospitalizations and dispensations of antipsychotic and psychostimulant
ADHD medications during the year before and 2 years after the first psychosis hospitalization were analysed.
Autism Self-harm and substance use disorders were identified by ICD10 codes at hospitalizations.

Results: 2.5% of the cohort was identified with a diagnosis of intellectual disability, 5.0% with autism and
8.1% with ADHD. A larger proportion of cases with Autism (OR=1.8, p <0.05) and intellectual disability
(OR=3.1, p<0.01) were using antipsychotic medication year 2 compared to the rest of the cohort.
Delusional disorder was more common in the autism group (OR=2.3, p<0.05) at first psychosis
hospitalization. ADHD was associated with higher risks for substance use disorders and self-harm both
before and after the first psychosis hospitalization. Year 2 substance use disorder had a OR=2.6
(p<0.001) and self-harm OR=4.1 (p <0.001).
Conclusions: Psychosis with comorbid ADHD is associated with high risks for substance use disorders and
for self-harm, while psychosis with comorbid autism and intellectual disability is associated with longer
treatment and higher doses of antipsychotic medication.

© 2018 Elsevier Masson SAS. All rights reserved.

Mental retardation

1. Introduction Evidence has accumulated of a large overlap in genetic risk

factors for schizophrenia, autism, ADHD and ID [16,17]. Genomic

Cognitive impairments are considered to be core features of
schizophrenia [1,2]. Impairments in schizophrenia have been
found in cognitive domains also affected in other neurodevelop-
mental disorders. As in Intellectual Disability (ID) there is a
generally decreased intellectual capacity on a group level in
schizophrenia [3,4]. As in autism, impairments in theory of mind
and other aspects of social cognition, impairments in sensory
perception [5], and restrictions of interest [6,7] have been
described. And as in ADHD, impairments of attention and
executive functions [8,9] have been described.

Comorbidity is common between schizophrenia and autism
[7,10,11], between schizophrenia and intellectual disability [12,13],
and between schizophrenia and ADHD [9,14,15].
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studies have found that many large, rare copy number variants and
multiple rare coding variants in specific genes confer risk across
the disorders [16].

Shared environmental early risk factors have been observed for
autism and schizophrenia. Multiple studies have shown an
increased risk for both disorders by advanced paternal age,
pregnancy and birth complications and migration status [18,19].

In the current study we wanted to explore if and how
neurodevelopmental disorders (NDD5) influence the presentation
and outcome of first episode psychosis.

We also wanted to study associations between specific NDD and
substance use disorders (SUD) and self-harm before and after first
hospital treated psychosis for the different NDDs. Based on the
known high incidence of self-harm and SUD in ADHD [20,21], a
hypotheses was that cases with a comorbid ADHD would have a
higher probability of self-harm and SUD in conjunction with first
episode psychosis (FEP).
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In order to study these issues, the Swedish population registries
of inpatient care and of dispensations of prescribed drugs were
used to identify and describe a cohort of young cases with first
episode hospital treated psychosis and cases with comorbid NDD’s.

2. Methods
2.1. Data sources for the study and cohort selection

The unique personal identity number assigned to each
permanent resident in Sweden was used to link data from different
registers.

The In-patient Care Diagnoses Database includes all individuals
in Sweden admitted to psychiatric or general hospitals [22,23]. It
includes dates for admission and discharge and ICD-10 diagnoses
for every inpatient care episode in Sweden since 1987.

The study cohort was selected from the In-patient Care Diagnoses
Database based on data on all hospitalizations from 1987 for the
Swedish population in the selected age group. All individuals with a
first occurrence of a hospitalization with a psychosis diagnosis in
Sweden (as defined by the International Classification of Disease,
ICD-10, F20-29) with admission after 1 July 2007 and discharge
before 31 December 2011 and between age 16 and 25 at first
admissionwere selected. 2133 cases were identified by these criteria.
42 cases had deceased before the end of 2years after the first
discharge from psychosis hospitalization, The 2091 cases alive
2years after first discharge from psychosis hospitalization were
included in the cohort. Deceased cases were identified by the Causes
of Death Database, which comprises information on all deaths of
Swedish residents [24]. 9 of the dead cases had a NDD diagnosis. 32
cases died by suicide, of which 5 had an NDD.

Data on hospitalizations for the cohort were collected for
further analyses as described below.

Data were collected from the Swedish Prescribed Drug Database. It
comprises information on all dispensations of prescribed medicinesin
Sweden, including the Anatomical Therapeutic Chemical code (ATC) of
the dispensed substances, amount, formulation and date of prescrib-
ing and dispensing since july 2005 [25]. However, it does not cover
drugs administered at hospitals.

Amounts of dispensed medication for each dispensation are
reported in the register (and used in the study) as the number of
“defined daily doses” (DDD) according to the WHO ATC/DDD Index
[26]. Definitions of one DDD for some common medications are:
clozapine 300 mg, olanzapine 10 mg, risperidone 5 mg (2.7 mg for
depot), aripiprazole 15 mg, quetiapine 400 mg, paliperidone 6 mg
(2.5 for depot), methylphenidate 30 mg and atomoxetine 80 mg.
The numbers of DDD from all dispensations of any antipsychotic
medication in the year before or in 2 years after the first psychosis
hospitalization were summed to get yearly values of amounts of
antipsychotics. The same principle of summation was used for
psychostimulant medication.

For analyses of antipsychotics, ATC code NO5 A was used, with
the exception of NO5AN (Lithium) used for bipolar disorder, and
NO5AAQ02 (levomepromazine), NO5ADO03 (melperone), and
NO5AF03 (chlorprothixene) mostly used as sedatives and as
anxiolytics. For analyses of psychostimulants, the ATC code
NO6BA was used.

2.2. Study design

Data for episodes of hospitalizations and dispensations of
antipsychotic and psychostimulant medications during the year
before and the 2 years after the first hospitalization for psychosis
were collected from the registers and analysed. Episodes of
inpatient care were combined if the time between episodes in the
National Patient Register was 7 days or less.
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Comorbid diagnoses of ICD10 neurodevelopmental disorders at
first psychosis hospitalization were used to identify cases with
neurodevelopmental disorders. For autism F84, for ADHD F90 and
for intellectual disability F7. Cases with any dispensations of
psychostimulants in the 2years before the FEP hospitalization
were also included in the ADHD group. Cases with NDD diagnoses
at earlier or later hospitalizations, but not an indexed comorbid
NDD diagnosis at the first hospitalization with a psychosis
diagnosis were not included since the hospitalizations before or
after FEP may have strong unspecific confounding effects. For
comparison cases with a Schizophrenia diagnosis (ICD10 F20) at
the first hospitalization for psychosis were also identified and
reported in the tables. Cases with both an identified schizophrenia
diagnosis and NDD diagnosis were included in both groups in a
similar way to cases with two NDD’s.

To identify cases with suicide attempts and other serious self-
harm, ICD10 codes X60-X84 and Y10-Y34 were detected at any
type of hospitalization in the specified years.

Substance use disorders were identified by ICD-10 F1 diagnoses
at hospitalizations.

2.3. Statistical analysis

Descriptive data for each diagnostic group were compiled on all
cases identified in the groups as described above. Individuals
identified in several groups were included in several compilations.
Likewise, odds ratios and significance levels were calculated for all
cases in a diagnostic group in relation to all other cases in the
cohort, including the cases in the other diagnostic groups under
study.

Significance levels for Odds Ratios were calculated based on
Wald test statistics and for quantitative measures with the
Wilcoxon method.

Descriptive analyses and odds ratio analyses were made with
the R software [27].

A multivariate logistic regression was made on associations
between self-harm and SUD and ADHD in year 2 after the first
psychosis hospitalization, initially including an interaction factor.
An optimal model was found by AIC (Akaike Information Criterion)
guided model exploration.

The study was approved by the Regional Ethical Review Board
in Stockholm, Sweden (ref 2014/481-31/4).

3. Results

3.1. Frequencies of Autism, ADHD and Intellectual disability in the
cohort

53 cases were identified with intellectual disability (2.5% of the
cohort), of which 37 had mild (F70), 5 moderate (F71) and 11
unspecified (F79) types. 105 cases were identified with autism
(5.0% of the cohort), of which 76 had Aspergers syndrome (F845),
13 had autistic disorder (F841), 7 had atypical autism (F(840), and
10 had unspecified pervasive developmental disorder (F849). 170
cases were identified with ADHD (8.1% of the cohort), of which 93
had a comorbid ICD10 diagnosis of ADHD (F90) at first psychosis
hospitalization.

Some cases were identified with more than one NDD. 24 cases
had both autism and ADHD, 9 cases had autism and ID, 6 cases had
ID and ADHD and no case had all three.

3.2. Characteristics of the neurodevelopmental subpopulations before
and at first psychosis hospitalization

Median age at first psychosis hospitalization was slightly lower
for the cases with neurodevelopmental diagnoses compared to the
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rest of the cohort (Table 1a). Gender distribution was not
significantly different in the groups with autism or ID compared
to the rest of the cohort. For ADHD there was a significantly higher
proportion of male cases compared to the rest of the cohort
(Table 1a). The median duration of the first psychosis hospitaliza-
tion was longer in the Autism group as compared to the rest of the
cohort, but not as long as for cases with a Schizophrenia diagnosis
at first hospitalization. The median durations were slightly shorter
for the Intellectual disability and ADHD groups. Cases identified
with both ADHD and autism had longer duration of their first
psychosis hospitalizations, the median duration was 37 days.

The proportion of cases with a diagnosis of schizophrenia (F20),
Brief psychosis (F23), Schizoaffective disorder (F25) or Unspecified
psychosis (F29) at the first psychosis hospitalization were similar
in the subgroups with comorbid neurodevelopmental diagnoses as
compared to the whole cohort (Table 1a). Delusional disorder (F22)
was significantly more common in the Autism group compared to
the rest of the cohort with an Odds Ratio of 2.3 (95% CI: 1.1-4.3).

Hospitalizations for SUD (ICD10 F1) in the year before the first
psychosis hospitalization were significantly more common in the
ADHD group (Table 1b). In a similar pattern a comorbid diagnosis
of SUD was significantly more common in the ADHD group at the
first psychosis hospitalization (Table 1a). Self-harm was signifi-
cantly more common in the ADHD group in the year before the first
psychosis hospitalization.

Prescriptions of antipsychotic and psychostimulant medication
were measured the year before first psychosis intake. A majority of

Table 1
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cases with autism or ID had dispensations of antipsychotics before
the first psychosis hospitalization and a significantly higher
proportion than in the full cohort (Table 1b). Among cases with
ADHD dispensations of antipsychotics was also significantly more
common.

3.3. Outcome of the neurodevelopmental subpopulations in the 2 years
after the first psychosis hospitalization

32% of the cases in the full cohort had any psychosis
hospitalization in the first year and 23% in year 2 (Table 1c).
62% had any dispensation of antipsychotic medication year 2,
down from 80% in the first year after discharge. Altogether 65% had
either any dispensation of antipsychotics or psychosis hospitali-
zation the second year. For the ID and Autism groups significantly
higher proportions of cases had dispensations of antipsychotics in
the first two years. Year 2 ORs were 3.1 for ID (95% CI: 1.6-6.8) and
1.8 for autism (95% CI: 1.1-2.8) (Table 1c). For the ADHD group, the
proportions with antipsychotic dispensations were similar to the
cohort as a whole. The proportions of NDD cases with psychosis
hospitalizations were not significantly different from the rest of
the cohort. 11 of the 24 cases (46%) identified with both ADHD and
autism had psychosis hospitalizations the second year, giving an
OR of 2.9, p<0.05 compared to the rest of the cohort.

The amounts of antipsychotics were measured as DDD
dispensed per year. The amounts were significantly higher in
the ID and Autism groups both the first and the second years

Characteristics of the subpopulations with comorbid neurodevelopmental diagnoses. Schizophrenia at first psychosis hospitalization is also presented for comparison.
Amounts of medications are reported as number of DDD dispensed during whole years. OR=0dds ratios. Md = Median. For continuous data 25% and 75% quartiles are

presented in (). P-values are indicated by *for p-value<0.05, **<0.01 and ***<0.001.

a. The first hospitalization for psychosis. Cases are only counted for one Psychosis diagnosis but may be counted independently for comorbid substance use disorder and

self-harm diagnoses.

Cohort
n=2091

Intellectual disability (F7)
n=>53

Autism (F84)
n=105

ADHD (F90)
n=170

Schizophrenia (F20)
n=229

Proportion Male
Median age at intake

64% (n=1336)
Md=212, (19.2, 23.1)

60% (n=32) OR=0.86
Md=20.6, (18.3, 22.8)

Median days in hospital Md=18, (7, 41) Md =20, (7, 40)
Substance use disorder 18% (n=380) 8% (n=4) OR=0.36
Self-harm 4% (n=83) n<4

Schizophrenia (F20) 11% (n=229) 11% (n=6) OR=1.04
Schizoaffective (F25) 4% (n=88) n<4

Delusional disorder (F22) 5% (n=107) n<4

Brief psychosis (F23)
Psychosis NOS (F29)

35% (n=742)
42% (n=882)

30% (n=16) OR=0.78
49% (n=26) OR=1.33

69% (n=72) OR=1.25
Md =20.6, (18.2, 22.4)**
Md =26, (10, 87)**

8% (n=8) OR=0.36**
8% (n=8) OR=2.1

8% (n=8) OR=0.66

6% (n=6) OR=1.41

10% (n=11) OR=2.3*
28% (n=29) OR=0.68
47% (n=49) OR=1.21

68% (n=116) OR=123
Md=20.3, (18.5, 22.5)***
Md=11.5, (4.2, 37.5)*
24% (n=41) OR=1.48*
6% (n=10) OR=1.58
11% (n=18) OR=0.96
4% (n=6) OR=0.82

4% (n=7) OR=0.78

39% (n=67) OR=1.2
39% (n=67) OR=0.88

74% (n=169) OR=1.68**
Md =214, (19.3, 23.4)
Md =41, (14, 90)™**

16% (n=37) OR=0.85
3% (n=6) OR=0.62

b. Characteristics for the year before the first psychosis hospitalization.

Cohort Intellectual disability (F7) Autism (F84) ADHD (F90) Schizophrenia (F20)
n=2091 n=53 n=105 n=170 n=229
Substance use disorders 11% (n=231) n<4 7% (n=7) OR=0.56 25% (n=43) OR=3.12*** 12% (n=27) OR=1.09
Self-harm 4% (n=88) n<4 7% (n=7) OR=1.68 9% (n=16) OR=2.67*** 5% (n=12) OR=1.3

Antipsychotics
DDD antipsychotics

32% (n=678)
Md =97, (28, 250)

62% (n=33) OR=3.56"**
Md =133, (30, 268)

60% (n=63) OR=3.34**
Md =166, (53, 396)**

49% (n=83) OR=2.13***
Md =106, (30, 278)

50% (n=114) OR=2.28"***
Md =157, (57, 340)***

c. Characteristics for the 2 year after discharge from the first psychosis hospitalization.

Cohort Intellectual disability (F7) Autism (F84) ADHD (F90) Schizophrenia (F20)

n=2091 n=>53 n=105 n=170 n=229
Substance use disorder year 1 15% (n=305) 9% (n=5) OR=0.6 6% (n=6) OR=0.34* 25% (n=42) OR=2.07"** 13% (n=30) OR=0.87
Substance use disorder year 2 11% (n=235) n<4 n<4 23% (n=39) OR=2.62"** 6% (n=14) OR=0.48*
Self-harm year 1 6% (n=130) n<4 7% (n=7) OR=1.08 14% (n=23) OR=2.65*** 5% (n=11) OR=0.74
Self-harm year 2 4% (n=76) 8% (n=4) OR=2.23 6% (n=6) OR=1.66 11% (n=19) OR=4.11"** 4% (n=9) OR=11
Psychosis hospitalization year 1 32% (n=673) 32% (n=17) OR=0.99 37% (n=39) OR=1.26 34% (n=58) OR=1.1 46% (n=106) OR=1.97***
Psychosis hospitalization year 2 23% (n=481) 28% (n=15) OR=1.33 29% (n=30) OR=1.36 23% (n=39) OR=1 31% (n=70) OR=1.55"*

Antipsychotics year 1
Antipsychotics year 2
DDD antipsychotics year 1
DDD antipsychotics year 2

(
80% (n=1674)
62% (n=1289)
Md =216, (93, 420)
Md =252, (108, 478)

(
98% (n=52) OR=13.34*
83% (n=44) OR=3.11"*
Md =388, (196, 672)***
Md =402, (212, 590)**

89% (n=93) OR=1.99*
73% (n=77) OR=1.76*
Md =359, (155, 654)***
Md =404, (168, 652)***

81% (n=138) OR=1.08
67% (n=114) OR=1.29
Md =264, (98, 627)**
Md =308, (117, 619)*

87% (n=199) OR = 1.74**
75% (n=172) OR=2.01***
Md =339, (177, 586)***
Md =348, (243, 627)***
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compared to the rest of the cohort and even higher than for the
schizophrenia group (Table 1c). Median doses in all groups were
significantly higher after compared to before the first psychosis
hospitalization (Table 1b and c).

Dispensations of psychostimulants in the ADHD group were
less common year two after (69 cases, 41%), compared to the year
before first psychosis hospitalization (113 cases, 66%). The median
amounts of psychostimulants was higher year 2 (336 DDD)
compared to the year before the first psychosis hospitalization (198
DDD). 52 of the 69 cases (75%) using psychostimulants year 2 also
had antipsychotic medication. 57 cases had dispensations of
methylphenidate, 17 cases had dispensations of atomoxetine. 4
cases had dispensations of other types of psychostimulants.

Hospitalizations for SUD after discharge were significantly more
common in the ADHD group with 23% of the ADHD cases compared
to 11%in the whole cohortyear 2, givingan ORof 2.6. The first year the
numbers were 25% in the ADHD group, compared to 15% in the whole
cohort (Table 1c). Hospitalizations for self-harm were significantly
more common in the ADHD group, with a proportionyear 2 of 11% in
the ADHD group compared to 4% in the whole cohort, giving an OR of
4.1 (Table 1c).The first year the numbers were 13%in the ADHD group
compared to 6% in the whole cohort.

3.4. Association between substance use disorders and self-harm in the
cohort

There was a significant association between any substance use
disorder and any self-harm in the second year after the first
psychosis hospitalization in the cohort with an OR of 4.7, p=0.002.
A multivariate analysis of the association between self-harm and
substance use disorder and ADHD showed independent associa-
tions between substance use disorder and self-harm and ADHD
and self-harm with multivariate ORs of 5.4, p<0.001, and 3.2,
p<0.001.

4. Discussion

The prevalences presented for Autism and ID in the study are
high compared to the general population, but are likely under-
estimations, since identification was dependent on registrations of
comorbid diagnoses at the first psychosis hospitalizations.

A larger part of cases with comorbid ADHD was probably
identified since both cases with registration of a comorbid ADHD
diagnosis at first psychosis hospitalization and cases with previous
psychostimulant treatment were included.

Concerning the comorbidity between psychotic disorders and
ADHD there are some complicating aspects to consider. A large part
of the ADHD cases had dispensations of psychostimulants before
their first psychosis hospitalizations. Psychostimulants have been
associated with psychotic symptoms as side-effects [28], and may
thus have contributed to the development of the psychotic
disorders in some ADHD cases. The proportion of cases in the
ADHD group with psychostimulants after the FEP hospitalization
was also lower compared to before. At the same time, most cases
with psychostimulants after discharge from the psychosis hospi-
talization also had prescriptions of antipsychotics in parallel,
indicating that for some patients with ADHD, the combination is
considered to be of some value and reasonably tolerated.

As previously reported [20], there was a high comorbidity
between ADHD and substance use disorders both before and
after FEP hospitalization, Substance induced psychotic states
have probably contributed more to the development of
psychotic disorders in the ADHD group compared to the rest
of the cohort [29].

The risk for suicide, suicide attempts and other types of self-
harm are high in ADHD in general [21]. In line with that there was a
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highly increased risk for self-harm in cases with comorbid ADHD
after a FEP, and also the year before FEP. The risk for self-harm was
found to be independently increased by substance use disorders
and by ADHD in the cohort. The high risk for self-harm in cases
with psychosis and comorbid substance use disorders and/ or
ADHD calls for careful monitoring and high accessibility for care
and support in these groups after FEP.

The comorbidity between ADHD and psychotic disorder was
found to be more common for men, as has recent been
observed [15].

A significantly higher proportion of cases with a comorbid ID or
autism and to a less extent also ADHD compared to the whole
cohort had prescriptions of antipsychotics before their first
psychosis hospitalization. Median amounts used were low though,
compared to after the FEP hospitalizations. It is known that
antipsychotic medication is used to a large extent in autism and ID
for other indications than psychosis [30,31]. In the current study
we do not have information on how many of the cases with
antipsychotic medication before the first psychosis hospitalization
were treated for psychotic symptoms and how many were treated
for other symptoms such as irritability [30].

Cases with autism or ID have a higher probability of continued
antipsychotic medication year 2 after the FEP hospitalization, as
compared to the rest of the cohort. They also use higher median
dosages and similar to levels in the group with schizophrenia. As
there is no indication of a reduced risk for hospitalizations, these
findings may indicate that their psychotic symptoms respond less
to treatment. The high comorbidity with autism found in a clinical
sample of chronic psychotic disorders may support a hypothesis of
more severe psychotic disorders in cases with comorbid autism
[10], though the issue needs further study to clarify.

The high comorbidity between psychotic disorders and neuro-
developmental disorders, particularly autism, has generated
hypotheses regarding a psychosis vulnerability in NDDs. Informa-
tion processing, including perceptual processing in NDDs is
postulated to be impaired in various aspects compared to control
populations and the impairments may increase the risk for
transitions into psychotic states [19,32-35]. Further studies are
needed to elucidate if such vulnerabilities are limited to subtypes
of the neurodevelopmental disorders [36,37] or if predictors or
additional risk factors for transitions into psychosis for individuals
with NDD’s may be found.

From the current study it is possible to speculate that self-harm
and SUD may be risk factors for psychosis (or psychosis
hospitalization) in cases with ADHD. And maybe irritability or
milder psychotic symptoms needing antipsychotic treatment are
risk factors for psychosis hospitalization in cases with autism or
intellectual disability. These questions would need further studies
based on cohorts of NDD cases to examine.

The finding of a higher risk for delusional disorder in autism
may have a relation to a higher delusion-proneness in autism [38]
and also maybe to deficits in social cognition characteristic for
autism [5,39].

5. Limitations

Outcome is measured in terms of proportions of cases with
hospitalizations and dispensations of medication in the cohort in
the years after discharge from the first psychosis hospitalization.
These measures have clear limitations. They only indirectly and to
limited extents represent stabilization of symptoms and functional
recovery. Even so, they probably reflect the severity of the
psychotic and comorbid disorders to some extent on a group
level. Concerning the psychotic disorder, it is likely that many cases
with no dispensations of antipsychotics and no psychosis hospital-
izations in the first two years have a less severe psychotic disorder
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as compared to many cases with ongoing antipsychotic medication
and/or new psychosis hospitalizations.

6. Conclusions

Psychosis with comorbid ADHD is associated with substance
use disorders and self-harm both before and after the first
psychosis hospitalization, while psychosis with comorbid autism
or intellectual disability is associated with longer treatment and
higher doses of antipsychotic medication after the first psychosis
hospitalization, as well as antipsychotic treatment before the first
psychosis hospitalization. The findings point to the importance of
considering comorbid NDDs5 in the treatment and management of
first episode psychosis, although more studies are needed to
further clarify the relations.
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