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ABSTRACT

BACKGROUND: Attention-deficit/hyperactivity disorder (ADHD) aralitism spectrum disorder
(ASD) share common genetic factors, but seem te Bpecific patterns of psychiatric
comorbidities. There are few systematic studieadlts, therefore we compared psychiatric
comorbidities in adults with these two neurodeveieptal disorders using population-based
data, and analysed their genetic correlations aduete underlying factors.

METHODS: Using data from Norwegian registries, we assepai@rns of psychiatric disorders
in adults with ADHD (n=38,636; 2.3%), ASD (n=7,5284%) and both diagnoses (n=1,467;
0.1%), compared to the remaining adult populatiosil(653,575). We calculated their
prevalence ratios (PRs) and differences using Boissgression, also examining sex-specific
relations. Genetic correlationg)(between ADHD, ASD and the examined psychiatrsodiers
were calculated by linkage disequilibrium scoreresgion, exploiting summary statistics from
relevant genome-wide association studies.

RESULTS: For all psychiatric comorbidities, PRs differedveeén ADHD and ASD. Associations
were strongest in individuals with ADHD and ADHD+BSor most comorbidities, both in men
and women. The relative prevalence increase oftanbs use disorder (SUD) was three times
larger in ADHD than in ASD (PRwp 6.2; 95% Cl, 6.1-6.4, PRp 1.9; 95% ClI, 1.7-2.2,
p<0.001), however, the opposite was true for schirepa (PRsp=13.9, 95% CI, 12.7-15.2,
PRapHp=4.4; 95% ClI, 4.1-4.7<0.001). Genetic correlations supported these noattéut were
significantly different between ADHD and ASD onlyrfthe SUD-proxies and personality traits
(p<0.006 for all).

CONCLUSIONS: Adults with ADHD, ASD or both, have specific patte of psychiatric

comorbidities. This may partly be explained by eliénces in underlying genetic factors.



INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) araitism spectrum disorder (ASD) are highly
heritable neurodevelopmental conditions and maatrdutors to human suffering worldwide
(1, 2). There is emerging evidence of polygeniaitgl environmental factors contributing to both
disorders (3, 4). Genetic, epidemiological and tstudies show that ADHD and ASD often co-
occur and share common underlying genetic fac®&),(but with different phenotypic
characteristics. The shared genetic factors arevael to affect the structure and function of
molecular networks in the brain, possibly involvedhe etiology of ADHD (9) and ASD (10).

Both individuals with ADHD or ASD have a 65-90%krisf developing concomitant
psychiatric disorders (11-13), but with seemingfjedent patterns of comorbidity. Adults with
ASD present high rates of co-occurring anxiety,rdsgion (13), bipolar disorder, schizophrenia
spectrum disorder (14-16), while adult ADHD is repd to co-occur with anxiety and major
depressive disorders (17-19), bipolar disorder {9122), personality disorders (18, 19, 23),
schizophrenia spectrum disorder (19, 22, 24, 28)sabstance use disorder (19, 20, 26).
ADHD and ASD share genetic factors with the aboemtioned psychiatric disorders (27), and
significant genetic correlations between diffenenénotype-specific traits for ADHD and ASD,
have been demonstrated (28).

Nonetheless, except for a couple of small clingtatlies, patterns of psychiatric
comorbidities have not been systematically comphetdieen adults with ASD or ADHD (29,
30). Further, previous studies have reporteddhédren with both ADHD and ASD may have
more severe impairments than ASD alone, howevenpaoable studies in adults are lacking (31,
32). Only one single population-based study haesctir compared individuals with either
ADHD alone, ASD alone or both combined to unaffdatelividuals, but this was in a

population too young to be diagnosed with adulebpsychiatric disorders (33).



We aimed at evaluating similarities and differenicegsychiatric comorbidity between
ADHD and ASD in adulthood, both clinically and génally. Therefore, we compared the
prevalence of psychiatric disorders in adults wNPHD alone, ASD alone, both ADHD and
ASD, and adults without ADHD or ASD, and suppleneehthese analyses with the estimation of

genetic correlations between the studied disorders.

METHODSAND MATERIALS

TheRegistries

We conducted cross-sectional analyses in a cofaduwits by linking information from four
nationwide, population-based registries, all witmpulsory notification: The Medical Birth
Registry of Norway (MBRN) established in 1967 (3 Norwegian Prescription Database
(NorPD) (35) established in 2004, the NorwegiandPaiRegistry (NPR) (36), with data since
2008, and the National Educational Database (NUDB) Statistics Norway (37, 38) (see
Supplemental for more details)..

Individual records from the registries were linkedmeans of the unique national
identification numbers, given to all individualsiding in the country. The Regional Ethics
Committee in Norway approved the study (2011/22K®)informed consent was required for
the analyses as the records were anonymized. Te ¢jué reporting of this study, we used the

Strengthening the Reporting of Observational Stdi€Epidemiology (STROBE) (39).

Study Population and exposur e groups
The study included 1,701,206 individuals born imMay between 1967- 1997, alive and living

in Norway in 2015, the year of data linkage. Thapplation consists of individuals mainly of
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European descent, with 8.2% of births registereddthers from non-European countries by
2015. We defined adults with ADHD only (ADHD) a®#® who were dispensed ADHD
medication at any time between 2004-2015 (NorPDeoran ADHD-diagnosis (International
Classification of Disease8dD-10) code F90), but no ASD-diagnosis, registered eNiPR
during 2008-2015, all 18 years or older. The ADHBdmations were methylphenidate, racemic
amphetamine, dexamphetamine and atomoxetine. thdilg prescribed central stimulants for
narcolepsy were excluded (see Supplemental forlgleta

Adults with ASD only (ASD) were defined as indiviala with an ASD-diagnosis@D-

10 codes: F84.0-1+F84.5+F84.8-9) (40, 41), also Esyer older and registered in the NPR
during 2008-2015 and with no ADHD-diagnosis. Ad(it8 years or older) with both ADHD
and ASD as defined above constituted the combinegpg( ADHD+ASD).

The remaining population included all adults whaeveot dispensed ADHD medication
nor had an ADHD or ASD diagnosis in the NPR. Pareftadults with and without ADHD/ASD
were also identified through the MBRN and includethe analyses to account for parental
factors associated with ADHD, ASD and other psykclualisorders (e.g. socio-demographic
factors, pregnancy-related factors and parentaltpairic disorders), and to account for

relatedness.

Outcome Diagnoses

We studied the following major comorbid psychiattisorders typically diagnosed in late
adolescence and adulthood (42), all registeredarN\iPR at 18 years or more: anxiety disorder
(ICD-10 codes; F40-F42), major depressive disofdD; F32-F33), bipolar disorder (BD;
F30-F31), personality disorders (PD; F60-F61), witteparate analysis on anti-social personality

disorder (F60.2) (only included in the main anasysecause of a small number of cases),



schizophrenia spectrum disorder (SCZ; F20-F29)saiidtance use disorder (SUD; F10-F19).
For BD, we also included those who were dispenigigidin during 2004-2015, according to

NorPD.

Summary Statistics from large-scale GWAS
Summary statistics from the large-scale GWAS ferghlychiatric disorders examined (10, 43-

51), were downloaded from the LDHub GWAS sharereent

(http://Idsc.broadinstitute.org/gwashare/) (52).date, no GWAS has examined the genetics of
individuals diagnosed with both ADHD and ASD. Conibg the existing data from individual
GWAS on ADHD and ASD, respectively, would resulassociations heavily biased towards the
larger study. Thus, we analysed ADHD and ASD oelyasately.

Since not all data are publically available, andarge-scale, well-powered GWAS were
performed on all disorders examined, we used samweyraits. In lack of adequate genetic data
on personality disorders, we combined the data ftwrfive GWAS on the five NEO-personality
traits (Neuroticism, Extraversion, Openness to gepee, Agreeableness and Conscientiousness)
(53) using the inverse variance method in METALwafe (54). Since all five NEO-personality
traits were analyzed in the same-sized sample th&s no bias towards any of the traits. We
also used the trait “anti-social behavior” as axgrior anti-social personality disorder (49). As
proxies for SUD, we used smoking behavior (evemerger smoked) (51) and alcohol dependence
(AD) (50).

In all analyses, we restricted the examined dasintgle nucleotide polymorphisms
(SNPs) of good imputation quality (INF©0.8), minor allele frequency 1% (common

variation), and the data was derived from individud European descent only.



Statistical Analyses

We estimated prevalence ratios (PR) using Poissgression with robust standard errors (55) to
examine the associations of ADHD, ASD and ADHD+ABIth other psychiatric disorders,
using the remaining adult population as referefoeadjust for potential confounders, we
performed two regression models, including theofelhg covariates; Model I: Birth year,
maternal marital status, maternal age and patagelin years at delivery, parents’ highest
attained level of education at record linkage,itiavidual’s gestational age in weeks and
gestational age- and sex-specific birthweight ze£¢56); Model Il: covariates of Model | and
mothers’ and fathers’ psychiatric diagnoses, inicigdhDHD or any other psychiatric diagnosis
from NPR, 2008-2015 (for details about the covasatee footnotes beneath the Tables/Figures
and in Supplementary). To account for correlatioetsveen siblings, we used mother’s
identification number as a cluster variable indinalyses.

Analyses were performed on the total sample amadifstd by sex. Our main analyses
were based on the multiplicative scale using nedagiffect measures, however, when assessing
sex differences, we supplemented the analysesabgblute effect measures. For this, we
estimated prevalence differences of psychiatriordisrs between men and women with and
without either ADHD, ASD or ADHD+ASD using predictgrevalences from a Poisson
regression model with adjustment for birth yeay€ar periods). Significance of interaction by
sex on the multiplicative scale was evaluated bygaring Poisson regression models with and
without the interaction term (gender x ADHD) incid] tested by likelihood ratio tests, and
interaction by sex on the additive scale was evatuasing relative excess risk due to interaction
(RERI) (57).

Two-sided tests with a significance thresholgo®.05 were employed in all analyses.



Analyses were carried out with PASW Statistics 28) @nd STATA intercooled v.14 (59) from
November 3, 201% March 13, 2019.

Genetic correlations dy were calculated using linkage disequilibrium scaggression
(LDSC) that quantifies the similarities in genedichitecture between two traits by evaluating the
relationship between SNP association strengthgyandtic linkage disequilibrium (8). Due to
sample overlap between the examined datasetspthadations were calculated without

constraining the intercept. To calculate if theegencorrelations in the ADHD group were
significantly different from those in the ASD grqupe applied the following formul%,

where “rgl” refers to the genetic correlation betwa comorbidity and ADHD, “rg2” refers to
the genetic correlation between the same comoibatder and ASD, “a” refers to SE of “rgl”
estimate and “b” refers to SE of “rg2” estimatee®ignificance was calculated using a two
tailed Z-test. To account for multiple testing, Bemoni correction was applied to the significant

threshold of 0.05, bringing the adjusted signifimathreshold to 0.00625.

Sensitivity Analyses

We conducted several sensitivity analyses to evalile robustness of our results. We re-
ran all the analyses 1) excluding individuals véttiagnosis of intellectual disability, 2)
excluding all with comorbid SCZ when analysing BRle&SUD, 3) excluding all individuals with
SUD when analysing SCZ, and 4) only including indiials who had their psychiatric diagnosis
registered at least twice in the NPR. Missing valimecovariates (6% for gestational age and
birthweight z-scores, < 1% for other variables)eveandled by list-wise deletion in the main
analyses. In the sensitivity analyses, we also oadtple imputation with chained equations

(60) to evaluate possible bias due to missing médion in gestational age when adjusting for



covariates. The outcome variables, all specifiachdates and also birthweight, maternal

preeclampsia and mother’s chronic diseases (yews/@® used for this information.

RESULTS

Study Population

Among the 1,701,206 individuals included in thedgtuve identified 38,636 adults (2.3% of the
population; 45% women) with ADHD, 7,528 (0.4%; Zh.9vomen) with ASD, 1,467 (0.1%;
28.8% women) with ADHD+ASD and 1,653,575 (97.2%%#&omen) adults in the remaining
population. In 2015, the mean ages of the ADHD, A®id ADHD+ASD groups were 31, 26
and 27 years, respectively, compared to 33 yedteinemaining population (Table 1). Among
parents, significantly more mothers of individuaith ASD and ADHD+ASD had the highest
level of education compared to the ADHD group drelremaining population, likely explained
by mothers to individuals with ASD/ADHD+ASD beingin later in our study period, in a time
where high education was more common. In additleimg diagnosed with at least one
psychiatric disorder was more prevalent among psu@individuals in all exposure groups,

compared to the remaining population (Table 1).

Psychiatric comorbidity in adults with either ADHD, ASD or ADHD+ASD

Comorbid psychiatric disorders were two to 14 timese common in adults with ADHD, ASD
or ADHD+ASD than in the remaining population (TaBle Overall, the PRs differed
significantly between adults with ADHD and ASD fat psychiatric disorders studied. Relative
to the remaining population, the association with\Bas the strongest and with MDD the

weakest in adults with ADHD (PRs: 7.1; 95% CI 6.8-@nd 3.7; 95% CI 3.6-3.8, respectively),
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while the association with SCZ was the strongedtwith SUD the weakest in adults with ASD
(PRs 13.9; 95% CI 12.7-15.2 and 1.9; 95% CI 1.7+42&pectively) (Table 2, model Il). The
associations with anxiety, BD, MDD, PD and SUD weignificantly stronger in adults with
ADHD than with ASD p<0.001 for all), with SUD revealing a particulagyonounced
difference (PRpnp: 6.2 versus PRp: 1.9). The association with SCZ, however, wasngfeo in
adults with ASD than with ADHD (PRs 13.9 versus, £#.40.001).

In the ADHD+ASD group, the PRs ranged from 3.6 (96%8.2-4.0) for MDD to 12.5
(95% CI 10.3-15.1) for SCZ (Table 2, model Il). Fdirdisorders, except MDD and SUD,
associations with ADHD+ASD were significantly stgar than for those with ADHD. For SCZ,
associations with ADHD+ASD and ASD were similar dradh significantly stronger than with
ADHD; PRapHp+asp 12.5 (95% Cl 10.3-15.1), RR 13.9 (95% Cl 12.7-15.2) and Ripp 4.4

(95% ClI 4.1-4.7p<0.001).

Sex-specific results

When stratifying on sex, patterns of psychiatrimoobidity corresponded to those in the total
sample (Figure 1/ Supplemental, Table S2/S3). th been and women, PR estimates for SCZ
were significantly larger in ASD or ADHD+ASD than ADHD, while for SUD, estimates were
significantly larger for ADHD or ADHD+ASD than fokSD. For anxiety, the PR estimates were
significantly larger in men than in women for aljpp@sure groups, and for SCZ, the PR was
significantly larger in women with ASD than in metith ASD.

When evaluating associations and interactions eratiditive scale, sex differences were more
pronounced, and the prevalence difference estimetes significantly different between women
and men with ADHD for all the disorders studied,letonly for three disorders in adults with

ASD (Figure 2/Supplemental, Table S4). Further absociations were reversed, and prevalence
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of most psychiatric disorders increased more in ®@ithhan men in all exposure groups except

for SUD and SCZ, where men in all exposure grongsved the highest prevalence increase.

Genetic Correlations

As shown in Figure 3, the patterns of genetic dati@ns (g) were similar to those of the PRs for
psychiatric comorbidities based on the epidemiaalgilata. The two proxies for SUD revealed
significantly stronger correlations with ADHD tharth ASD (Figure 3B/Supplemental, Table
S5). For SCZ, thegylestimate with ASD was almost twice as large aswitih ADHD

(rgasp+sczy 0.211 (SE: 0.048§<0.0001), §apHp+sczy 0.127 (SE: 0.036=0.0004))but this
difference was not statistically significapt=0.16). The differences in genetic correlations
between ADHD and ASD with the examined comorbidrdisers were only statistically
significant for the SUD-proxies and for the NEOgmarality dimensional traits (Supplemental,

Table S5).

Sensitivity Analyses

When we excluded individuals with intellectual diigiy, the results changed only for ASD,
where the PR for SCZ increased slightly {RR15.1; 95% CI 13.9-16.4 to RRsitvity 16.5; 95%
Cl 15.1-18.1). For the ADHD and the ADHD+ASD groufpigere were no substantial changes.
All the other sensitivity analyses yielded resthigt were very similar to those of the main

analyses (Supplemental, Table S6/Table S7).
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DI SCUSSION

In this first nationwide population-based study timmg epidemiological data on adults with
ADHD only, ASD only or both diagnoses, togetherhwgbrresponding genetic data, we found
different patterns of psychiatric comorbiditiesween the groups, overall and also when
stratifying by sex. These patterns were also reftb the genetic correlations, however, only
proxies for two of the six traits showed a sigrafit difference between ADHD and ASD. We
also found that adults with both ADHD and ASD cardevere additional psychiatric morbidity
relative to adults with either ADHD or ASD alone.

When comparing ADHD and ASD in our epidemiologidata, we observed significant
differences in the associations with all psychtatomorbidities examined, with individual
estimates being consistent with previous studi#sl@, 15, 24, 30-32). The most marked
differences were found for SCZ and SUD, where S@2& more common in adults with ASD,
and SUD more common in adults with ADHD. Associasiavith anxiety, BD and personality
disorders were strongest in adults with both ADHid ASD, indicating that this group of adults
suffers from more severe impairments than those AM@HD or ASD only (61). This is
supported by previous studies in children (32, 6R)ther, we found that adults with both ADHD
and ASD had a similar increase in risk for SCZddta with ASD only, which, as far as we
know, has not been shown before. To our knowledgly, one other population-based study
reports on prevalences of psychiatric disordersraedividuals with either ADHD, ASD or
ADHD+ASD compared to unaffected individuals in #eme population (33). However, this

population was young (mean age ranging from 13X¥8t8 years) and had not reached the typical
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age of onset for most psychiatric disorders (48 fleported estimates were, therefore, likely to
be biased.

With regard to the genetic correlations, the patevere similar to those we observed in
the epidemiological data, and two — the SUD-prozied NEO-5 personality traits — revealed
significant differences in their correlations wAIDHD and ASD. The genetic correlatioR)(r
between ADHD and ASD has been estimated to be(Q@6 indicating shared genetic etiology
between them. Nonetheless, it is conceivable ket polygenic architecture is still different, as
supported by our epidemiological observation ohgigantly different patterns of comorbidities
between these two disorders. It has also been stimtvimdividuals with various clinical
manifestations of ASD reveal distinct loads of geneariants associated with this disorder (10,
63).

Etiological similarities, as well as differencesween ADHD and ASD can be further
and more specifically evaluated by examining tesgmptom dimensions, each of which may
have independent and different explanatory valaethe clinical diagnoses of ADHD, ASD and
their comorbidities. Ghirardi and colleagues, feample, have reported that the symptoms of
hyperactivity/impulsivity (ADHD) show different l&ls of genetic correlation with symptoms of
ASD (e.g. a strong genetic correlation with repegiind restricted behaviours (ASD) and a
weak correlation with social interaction and comination) (28). Our current diagnostic criteria
are based on clinically observed aggregates of &ymgy but may not relate to distinct
underlying biological pathways. Hence, well-powe@AS on clearly defined specific
psychiatric phenotypes and narrower symptom donai@seeded in order to uncover the
biological mechanisms underlying the multifacetédlegies of ADHD and ASD.

Apart from genetics, the observed differences itepas of comorbidities between

ADHD and ASD may also be explained by diagnostitdes. Diagnosing psychiatric
14



comorbidities in adults with ASD is difficult, asamy diagnostic tools are not customized for
these individuals (31, 64). In addition, cliniciamgy not look for additional psychiatric disorders
in ASD patients and explain their symptoms as paitthe underlying ASD (32), i.e. diagnostic
overshadowing (65). Further, on a more psycholddgea!, even if individuals with ADHD or
ASD often experience peer-rejection and relatipmablems (66, 67), individuals with ASD are
diagnostically defined by their struggle to comnuaté and are hence less able to communicate
their problems in spite of large impairments (68). @ his may contribute to a lower level of
diagnosed psychiatric comorbidities in individuaith ASD.

The sex differences in risk of psychiatric comoitied were different among adults with
ADHD and ASD, both on the relative and absolutdescal he present findings for adults with
ADHD are also presented in our previous publicafit®), and confirmed by a recent Swedish
study (70). Sex differences are strongly dependerhe scale used for analyses; with stronger
associations for most psychiatric comorbiditiesni@en than women on the relative scale, and
stronger in women than men on the absolute scais.rilay be explained by the lower
prevalence in psychiatric disorders among men #@men in the reference group, which has a
profound influence on the relative effect measubes not on the risk differences. We suggest
that the smaller sex differences observed in aditts ASD than ADHD may partly be
explained by the larger male:female ratio in adwith ASD and partly by women with ASD
struggling more to communicate internalizing synmpgdhan women with ADHD (71, 72).

The behavioural patterns in the individuals oftihe phenotypically different disorders
also lead to different interactions with their @oviments. The differences in the associations
with SUD between ADHD and ASD may partly be du¢hie ADHD-associated novelty-seeking
and impulsive behaviour, increasing the risk ofeleping SUD to a larger degree in ADHD than

in ASD, where a rigid and norm-abiding behaviouithiimited social contact, may be relatively
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protective (30, 73, 74). Thus, both genetic andrenmental risk factors, as well as their
interactions, may alter the expression of genes affiect the structure and function of molecular

networks in the brain, and thereby modify the tslADHD and ASD (32).

Strengths and Limitations

To our knowledge, this is the largest populatioedmhstudy comparing psychiatric comorbidity
in adults with ADHD, ASD or both, conducted so fahe analyses were also stratified according
to sex and included genetic correlations in therpretation. We used data from nationwide,
population-based registries with compulsory nadificn, thus reducing selection bias to a
minimum. As our patient groups were large enougdllttw us to study individuals with either
ADHD alone, ASD alone or both combined, we weredblstudy differences between more
homogeneous groups.

We designed our study specifically to examine arltgzbpulation, allowing all
participants to reach the typical age of diagnositie conditions investigated (42). Notably, this
study covers the first birth cohort for which ASBdame prevalent enough in adulthood to
enable such a study to be performed.

In Norway, formal diagnoses of ASD and ADHD, andphacological treatment of
ADHD, are always based on clinical evaluation bgcsalists. Thus, identification of ADHD and
ASD cases were not based solely on symptom scosdfaeports. We chose to identify the
ADHD-cases by either a dispensed prescription oHBBmedication from the NorPD or by an
ADHD-diagnosis from the NPR, similarly to other 8daavian studies (22, 75-77). ASD, BD
and SCZ diagnoses in the NPR have been validatidgeod results (36, 78), suggesting

acceptable validity for other NPR-registered psgtit diagnoses as well. However, we cannot
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exclude a possible misdiagnosis of SCZ and ASD.d@f€inition of BD was also based on
dispensed lithium, a medication mainly used foatiregy BD.

Limitations include the fact that our analyses wass-sectional and based on data
registered during 2004-2015 (NorPD) and 2008-2MNPR), preventing the examination of
temporal relations. However, since ADHD and ASP @efined as neurodevelopmental
disorders with an onset in childhood, we assumethiey were present before the comorbid
psychiatric disorders, all typically diagnosedatel adolescence and adulthood (42).

Up to 2013, an ASD diagnosis would preclude thaaDHD according to DSM-1V and
ICD-10 (79, 80). This may have affected the diagjnggocedures and hindered clinicians to
diagnose both disorders if the criteria for ASD eveilfilled. However, clinical practice has not
adhered strictly to these criteria, as growing enie supported the importance of diagnosing
both conditions when present in order to provideliast treatment (31).

Further, it may be argued that adults with ADHDAGD could more easily get other
psychiatric diagnoses because they are alreaayiohtwith the health care system (81).
However, all adults with severe psychiatric disosdae likely to be in touch with secondary
health care throughout life, independent of undegyeurodevelopmental disorders (82).

With regard to the genetic correlations, it is intpat to note that their estimations are
highly dependent on the sample size of the util@8dAS. In addition, because there are no
large-scale GWAS with freely available summaryistiats for some of the examined
comorbidities, proxy phenotypes were examined.Heurnhore, patients’ comorbidities are not
always taken into account in the genetic studiéisoagh individuals with known combined
ADHD and ASD were excluded from some studies (€8jyrently, psychiatric genetics are

lacking GWAS on patients with comorbidities or wipecific symptoms of psychiatric
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disorders, which limits our ability to examine tipenetic variability that may be responsible for
the diverse clinical landscape of psychiatric dieos.

Conclusions

In conclusion, our study provides robust and regmedive estimates of differences in psychiatric
comorbidities between adults diagnosed with ADHI3DAor ADHD+ASD. With the results

from analyses of genetic correlations, this findoegtributes to our understanding of these
disorders as being distinct neurodevelopmentardess with partly shared common genetic
factors. Clinicians should be aware of the ovérah level of comorbidity in adults with ADHD,
ASD or ADHD+ASD, and the distinct patterns of psiathc comorbidities to detect these
conditions and offer early treatment. It is als@artant to take into account the observed sex
differences. The distinct comorbidity patterns rmayher provide information to etiologic
research on biological mechanisms underlying thilegpdnysiology of these neurodevelopmental

disorders.
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Figure title, Figure 1:

Figure 1. Prevalenceratios of psychiatric disordersin adultswith ADHD, ASD or
ADHD+ASD relative to the remaining population, by sex

Figure legend, Figure 1:

Abbreviations: Schizophrenia= Schizophrenia Spectisorder, SUD= Substance Use
Disorder, BD= Bipolar Disorder, MDD= Major DepressiDisorder, PD= Personality Disorder.
Log-scale, 95% CI error bars. Adjusted for birtlaryé-year groups, from 1967 to 1997, with
1967-1973 as the reference), maternal marital s{@ingle, married/cohabiting (reference),
other), maternal and paternal education (low (<d&ry of education), middle (10-12 years of
education and high level (>12 years of educatiefe(ence)), maternal age (<20, 20-24, 25-
29(reference), 30-34, 35-39, 40+) and paternal«g@, 20-24, 25-29, 30-34(reference), 35-39,
40-44, 45-49, 50+) at delivery, gestational ageB(<8-31, 32 to 34, 35to 36, 37 to 41
(reference), 42+), gestational age and sex spdiwitic weight z-scores (<-2.0; -2.0 to -0.51; -0.5

to 0.5 (reference); 0.51 to 2.0; 2.01+), matermal paternal psychiatric disorders (yes/no).

Figure title, Figure 2:

Figure 2. Prevalence difference of psychiatric disordersin adultswith ADHD, ASD and
ADHD+ASD relative to the remaining population, by sex

Figure legend, Figure 2:

Abbreviations: Schizophrenia= Schizophrenia Spectisorder, SUD= Substance Use
Disorder, BD= Bipolar Disorder, MDD= Major DepressiDisorder, PD= Personality Disorder.
Prevalence difference, 95% CI error bars, analegaée. Adjusted for birth year (5-year groups,

from 1967 to 1997).
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Figure title, Figure 3:

Figure 3. A)The pattern of prevalence ratios of psychiatric comor bidity in adultswith
ADHD or ASD observed in thisstudy (ADHD; n=38,636, ASD; n=7,528) and B) genetic
correlations (rg) calculated from genome wide association studies

Figure legend, Figure 3 A and 3 B:

A. Prevalence ratio, model Il, log-scale, 95% CI elrars. Adjusted for birth year (5-year
groups, from 1967 to 1997, with 1967-1973 as thereace), maternal marital status (single,
married/cohabiting (reference), other), maternal paternal education (low (<10 years of
education), middle (10-12 years of education agth level (>12 years of education
(reference)), maternal age (<20, 20-24, 25-29(esiez), 30-34, 35-39, 40+) and paternal age
(<20, 20-24, 25-29, 30-34(reference), 35-39, 4048449, 50+) at delivery, gestational age
(<28, 28-31, 32 to 34, 35 to 36, 37 to 41 (refeednd2+), gestational age and sex specific
birth weight z-scores (<-2.0; -2.0 to -0.51; -@%t5 (reference); 0.51 to 2.0; 2.01+),
maternal and paternal psychiatric disorders (ygs/no

B. Genetic correlationsgrlinear scale, SE error bars.

‘ever_vs_never_smoked’ and ‘Alcohol Dependenceraxies for smoking, ‘NEO-5-

personality traits* as proxy for personality diserd
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Table 1. Sample characteristics of the 1,701,206 adultsin the study population, all born
from 1967 to 1997 and followed to 2015.

Variables ADHD ASD ADHD+ASD | Remaining population
No. (%) No. (%) No. (%) No. (%)

No. (%) 38,636 (2.3) | 7,528(0.4) | 1,467 (0.1) 1,653,575 (97.2)
Gender P<0.001° P=491° P<0.001° P<0.001°
Women 17,393 (45.0) | 2,099 (27.9) 422 (28.8) 809,962 (49.0)
M:F ratio 1.22 2.58 2.48 1.04
Mean age in 2015, years (SD) P<0.001° P=0.99° P<0.001°
31.3(83) | 26.2(7.9) 26.8(7.1) 33.2(9.3)

Maternal age at birth P<0.001° P<0.001" P<0.001° P<0.001°
<20 4,417 (11.4) 372 (4.9) 107 (7.3) 112,674 (6.8)
20-24 13,587 (35.2) | 1,936 (25.7) 435 (29.7) 498,264 (30.1)
25-29 11,865 (30.7) | 2,539 (33.7) 525 (35.8) 575,743 (34.8)
30-34 6,144 (15.9) | 1,747 (23.2) 279 (19.0) 327,637 (19.8)
35-39 2215(5.7) | 774 (10.3) 102 (7.0) 116,139 (7.0)
40+ 408 (1.1) 160 (2.1) 19 (1.3) 23,118 (1.4)
Paternal age at birth P<0.001° P<0.001" P<0.001° P<0.001°
<20 1,054 (2.7) 75 (1.0) 21 (1.4) 24,546 (1.5)
20-24 9,013 (23.3) | 1,093 (14.5) 267 (18.2) 302,939 (18.3)
25-29 12,941 (33.5) | 2,242 (29.8) 484 (33.0) 563,896 (34.1)
30-34 8,728 (22.6) | 2,120 (28.2) 392 (26.7) 432,678 (26.2)
35-39 4,086 (10.6) | 1,154 (15.3) 182 (12.4) 207,833 (12.6)
40-44 1,621 (4.2) 519 (6.9) 78 (5.3) 76,947 (4.7)
45-49 489 (1.3) 171 (2.3) 25 (1.7) 24,796 (1.5)
50+ 183 (0.5) 70(0.9) 3(0.2) 8,741 (0.5)
Missing 521 (1.4) 84 (1.1) 15 (1.0) 11,199 (0.7)
Maternal marital status’ P<0.001° P=0.007" P=0.016° P<0.001°
Single 6,483 (16.8) | 909 (12.1) 225 (15.3) 151,975 (9.2)
Married/cohabitant 31,122 (80.6) | 6,508 (86.5) | 1,220 (83.2) 1,482,685 (89.7)
Other 924 (2.4) 96 (1.3) 20 (1.4) 16,154 (1.0)
Missing 107 (0.3) 15 (0.2) 2(0.1) 2,761 (0.2)
Maternal education status® P<0.001° P=0.169" P<0.001° P<0.001°
Low 13,498 (34.9) | 1,904 (25.3) 394 (26.9) 430,874 (26.1)
Middle 16,478 (42.7) | 3,022 (40.1) 583 (39.7) 768,773 (46.5)
High 8,415 (21.8) | 2,565 (34.1) 488 (33.3) 447,380 (27.1)
Missing 245 (0.6) 37 (0.5) 2(0.1) 6,548 (0.4)
Paternal education status’ P<0.001° P<0.001" P<0.001° P<0.001°
Low 12,501 (32.4) | 1,639 (21.8) 388 (26.5) 381,154 (23.1)
Middle 18,626 (48.2) | 3,486 (46.3) 694 (47.3) 834,541 (50.5)
High 6,475 (16.8) | 2,237 (29.7) 352 (24.0) 414,399 (25.1)
Missing 1,034 (2.7) 166 (2.2) 33(2.3) 23,481 (1.4)
Maternal psychiatric disorder’ P=0.073" P<0.001" P=0.001° P<0.001°
None 28,140 (72.8) | 5,557 (73.8) | 1,009 (68.8) 1,432,294 (86.6)
Paternal psychiatric disorder’ P<0.001° | P=0.010" P=0.492° P<0.001°
None 31,478 (82.7) | 6,289 (84.7) | 1,189 (82.0) 1,479,367 (90.2)

a.  P-value (Pearsons chi-square test and t-test for equality of means), the difference between the ADHD and ASD cases

b.  P-value (Pearsons chi-square test and t-test for equality of means), the difference between the between the ASD and ADHD+ASD
cases

c.  P-value (Pearsons chi-square test and t-test for equality of means), the difference between the ADHD and ADHD+ASD cases

d.  P-value (Pearsons chi-square test and t-test for equality of means), for the difference between cases relative to the comparison
population



Table 2. Prevalenceratios of psychiatric disorders comparing adults with and without ADHD, ASD or ADHD+ASD. Based on 1.7
million individuals born in Norway (1967-1997), and followed to 2015.

Psychiatric Prevalence ratio (PR), crude (95% Cl)® PR model 1, (95% CI)° PR model 11, (95% CI)°
disorders ( ICD-
10)
Remaining ADHD ASD ADHD+ASD ADHD ASD ADHD+ASD ADHD ASD ADHD+ASD
population
P<0.001° P<0.001° P=0.001" P=0.020° P<0.001° P<0.001' P=0.023" P<0.001° P<0.001'

Anxiety Disorders 1 (ref) 4.2 (4.2-4.3) 35(3.3-3.7) 4.7 (4.3-5.2) 4.1(4.0-4.2) 3.6(3.4-3.8) 4.7 (4.2-5.2) 3.8(3.7-3.9) 3.4(3.2-3.6) 4.3 (3.9-4.7)
(F40-42)

P<0.001 P<0.001 P=0.006 P<0.001 P<0.001 P=0.020 P<0.001 P<0.001 P=0.021
Bipolar Disorder 1 (ref) 7.8(7.5-8.1) 5.3 (4.7-6.0) 9.4 (7.7-11.4) 7.8(7.4-8.1) 5.4 (4.7-6.2) 9.3(7.6-11.5) 7.1(6.8-7.4) 5.0(4.4-5.7) | 8.4(6.8-10.3)
(F30-31or
medication?)

P<0.001 P<0.001 P=0.801 P<0.001 P=0.001 P=0.886 P<0.001 P=0.001 P=0.898
Major Depressive 1 (ref) 4.2 (4.1-4.2) 3.1(2.9-3.3) 4.0 (3.6-4.4) 4.0(3.9-4.1) 3.2(3.0-3.3) 3.9(354.3) 3.7(3.6-3.8) 3.0(2.8-3.1) 3.6(3.2-4.0)
Disorder (F32-33)

P<0.001 P<0.001 P=0.009 P<0.001 P<0.001 P=0.014 P=0.001 P<0.001 P=0.015
Personality 1 (ref) 8.1(7.9-8.4) 5.9 (5.4-6.5) 8.1(7.9-10.6) 7.4(7.2-1.7) 6.0 (5.5-6.6) 8.6 (7.3-10.1) 6.8 (6.5-7.0) 5.6 (5.1-6.2) 7.7(6.5-9.1)
Disorder (F60-61)

P<0.001 P<0.001 P=0.215 P<0.001 P<0.001 P=0.070 P<0.001 P<0.001 P=0.070
Anti-social PD 1 (ref) 20.7 (18.4- 4.1(2.4-7.2) | 24.8(15.4-40.0) 17.2 (15.1- 4.1 (2.3-7.5) 24.0 (14.4- 15.4 (13.5- 3.8(2.1-6.9) 21.1 (12.6-
(F60.2) 23.2) 19.7) 40.1) 17.7) 35.2)

P<0.001 P=0.194 P<0.001 P<0.001 P=0.470 P<0.001 P<0.001 P=0.424 P<0.001
Schizophrenia 1 (ref) 4.8 (4.6-5.1) 15.1(13.9- | 13.3(11.1-16.0) 4.8 (4.5-5.1) 14.9 (13.6- 13.8 (11.4- 4.4 (4.1-4.7) 13.9 (12.7- 12.5(10.3-
Spectrum 16.4) 16.2) 16.8) 15.2) 15.1)
Disorder (F20-29)

P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Substance Use 1 (ref) 7.8(7.6-7.9) 2.1(1.9-2.3) 4.2 (3.7-4.9) 6.8 (6.6-7.0) 2.1(1.9-2.3) 4.1 (3.5-4.8) 6.2 (6.1-6.4) 19(1.7-2.2) 3.7(3.2-4.3)

Disorder (F10-19)

Abbreviations: PR: Prevalenceratio, Cl:

confidence interval, ref: reference population, PD: Personality Disorder

a. Crude: Adjusted for birth year (5-year groups, from 1967 to 1997, with 1967-1973 as the reference period)
b. Modd I: Adjusted for birth year, maternal marital status (single, married/cohabiting (reference), other), maternal and paternal education (low (<10 years of education), middle (10-12 years of education and high

level (>12 years of education (reference)), maternal age (<20, 20-24, 25-29(reference), 30-34, 35-39, 40+) and paternal age (<20, 20-24, 25-29, 30-34(reference), 35-39, 40-44, 45-49, 50+) at delivery, gestational

age (<28, 28-31, 32 to 34, 35t0 36, 37 to 41 (reference), 42+), gestational age and sex specific birth weight z-scores (<-2.0; -2.0 to -0.51; -0.5 to 0.5 (reference); 0.51 to 2.0; 2.01+)

c.  Modd II: Adjusted for covariates asin model | and additionally adjusted for maternal and paternal psychietric disorders (yes/no)

e

P-value for the difference between the ADHD and the ASD cases (likelihood-ratio test)
e.  P-valuefor the difference between the ASD and the ADHD+ASD cases (likelihood-ratio test)




f.  P-vauefor the difference between the ADHD and the ADHD+ASD cases ( likelihood-ratio test)
g. Medication: Lithium from Norwegian Prescription Database (2004-2015)
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Supplemental Text

Description of the registries

The nationwide Medical Birth Registry of Norway (MBRN) was established in 1967 and
contains information about all births in Norway, including spontaneous abortions and stillbirths
from 16 weeks of gestation (1). The aim of the registry is to clarify causes and consequences
of health problems related to pregnancy and birth, and monitor the incidence of adverse
outcomes. The registry is based on compulsory notification and includes data on maternal
health before and during pregnancy, labour complications and interventions, and birth
outcomes. Information on the father is also included in the registry.

The Norwegian Prescription Database (NorPD) contains data about all prescribed and
dispensed drugs in Norway since 2004. The aim of the NorPD is to collect and process data
on drug consumption. Drugs that are purchased without prescription are not included, and
medication given to an individual during a hospital stay is not available at the individual level.
For reimbursed medications, information about the indication is also included; however, for
psychiatric disorders, this is only available from 2008 (2). The medications are classified by
the Anatomical Therapeutic Chemical (ATC) classification system.

The Norwegian Patient Registry (NPR) is a health registry containing information about
diagnoses given to individuals treated in secondary health care, both in hospitals and out-
patient clinics. Diagnoses are registered by the International Classification of Diseases (ICD)
codes (at present version 10), and interventions by The NOMESCO Classifications of Surgical,
Medical and Radiological Procedures (NCSP, NCMP, NCRP) codes. NPR was established in
1997, but has only had data available for linkage on an individual level from 2008.

The Personal Health Data Filing System Act (3, 4) which is further specified in registry-
specific regulations, provide the legal basis for the health registries.

The National Educational Database (NUDB), established in 1970, contains information

about the level of education of every Norwegian inhabitant from the age of 16 years, from
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completed lower secondary education to tertiary education including PhD level, and is updated

every year (3, 5).

Statistical analyses

To adjust for potential confounders, we performed two regression models, including the
following covariates; Model I: Birth year (5-year groups, from 1967 to 1997), maternal marital
status (single, married/cohabiting (reference), other), maternal age (<20, 20-24, 25-29
(reference), 30-34, 35-39, 40+) and paternal age (<20, 20-24, 25-29, 30-34 (reference), 35-
39, 40-44, 45-49, 50+) in years at delivery, parents’ highest attained level of education at
record linkage (low (<10 years of education), middle (10-12 years of education) and high level
(>12 years of education (reference)), the individual's gestational age in weeks (<28, 28-31,
32-34, 35-36, 37-41 (reference), 42+) and gestational age- and sex-specific birthweight z-
scores (<-2.0; -2.0 to -0.51; -0.5 to 0.5 (reference); 0.51-2.0; 2.01+) (6); Model II: covariates
of Model | and mothers’ and fathers’ psychiatric diagnoses (yes/no), including ADHD or any
other psychiatric diagnosis from NPR, 2008-2015. To account for correlations between

siblings, we used mother’s identification number as a cluster variable in the analyses.

Narcolepsy

ADHD medication may also be used for narcolepsy (ICD-10 code G47 or ICPC P06). Using
the reimbursement codes in NorPD (available from 2008), we found that 789 individuals
(0.05%) of the adult population were prescribed stimulants exclusively for narcolepsy in the
period 2008-2015, and these were excluded from the group of individuals with ADHD. Thus,
for patients who were dispensed medication in the period 2004-2008 only, there may be a

small number of individuals with narcolepsy left in the adult ADHD case-groups.
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Table S1. Prevalence differences of psychiatric disorders in adults with ADHD, ASD or ADHD+ ASD, based on the study population

Psychiatric disorders
(ICD-10)

Crude prevalences, No. (%)

Prevalence, % (95% CI)2

Prevalence Differences, % (95% CI)2

Remaining ADHD ASD ADHD+ASD Remaining ADHD ASD ADHD+ASD ADHD ASD ADHD+ASD
population population
Anxiety Disorders (F40- 81 781 (5.0) 8422 1062 308 (21.0) 4.9 (4.9-5.0) 21.0 17.4 23.2 (21.0- 16.0 125 18.3 (16.1-
42) (21,8) (14.2) (20.6- (16.5- 25.4) (15.6- (11.5- 20.5)
21.4) 18.4) 16.4) 13.4)
Bipolar Disorder (F30-31 14 629 (0.9) 2595 239 92 (6.3) 0.9 (0.9-0.9) 6.9 (6.6- 4.7 (4.1- 8.3(6.7-9.9) | 6.0(5.7- 3.8 (3.2- 7.4 (5.8-9.0)
or medication®) (6.7) (3.2) 7.1) 5.3) 6.2) 4.4)
Major Depressive 94 538 (5.7) 9 361 1075 293 (20.0) 5.7 (5.7-5.7) 23.8 17.8 22.6 (20.4- 18.1 12.1 16.9 (14.7-
Disorder (F32-33) (24.2) (14.3) (23.4- (16.8- 24.8) a7.7- (11.1- 19.1)
24.2) 18.7) 18.5) 13.0)
Personality Disorder 22 556 (1.4) 4311 432 147 (10.0) 1.4 (1.3-1.4) 11.0 8.1 (7.4- 12.4 (10.6- 9.7 (9.4- 6.7 (6.0- 11.1 (9.2-
(F60-61) (11.2) (5.7) (10.7- 8.8) 14.3) 10.0) 7.5) 12.9)
11.4)
Anti-social PD (F60.2) 919 (0.06) 454 13 (0.2) 17 (1.2) 0.06 (0.05-0.06) | 1.1(1.0- 0.2 (0.1- 1.4 (0.7-2.0) 1.1(1.0- | 0.2(0.05- | 1.3(0.7-2.0)
(1.2) 1.3) 0.4) 1.2) 0.3)
Schizophrenia Spectrum 11 432 (0.7) 1268 541 104 (7.1) 0.7 (0.7-0.7) 3.3(3.2- | 10.4(9.6- | 9.2(7.5-10.9) | 2.6 (2.5- 9.7 (8.9- | 8.5(6.8-10.2)
Disorder (F20-29) (3.3 (7.2) 3.5 11.3) 2.8) 10.6)
Substance Use Disorder 47 061 (2.9) 8 850 372 163 (11.1) 2.8 (2.8-2.9) 22.1 5.9 (5.4- 12.0 (10.3- 19.3 3.1(2.5- | 9.2(7.5-10.9)
(F10-19) (22.9) (4.9 (21.7- 6.5) 13.8) (18.9- 3.7)
22.5) 19.7)

Abbreviations: ICD-10: International Statistical Classification of Diseases and Related Health Problems 10th Revision, World Health Organization, CI: confidence interval, PD: Personality Disorder

a.
b.

Adjusted for birth year (5-year groups)
Medication: Lithium from the Norwegian Prescription Database (2004-2015)



Solberg et al. Supplement
Table S2. Crude and adjusted prevalences of psychiatric disorders in adults with and without ADHD, ASD or ADHD+ASD, by sex
Psychiatric disorders (ICD-10) Crude prevalences, No. (%) Prevalence, % (95% CI)2
Remaining ADHD ASD ADHD+ASD Remaining ADHD ASD ADHD+ASD
population population
Anxiety Disorders (F40-42)
Women 54,139 (6.7) 4,561 (26.2) | 340 (16.2) 115 (27.3) 6.7 (6.6-6.7) | 25.2 (24.6-25.8) 19.3 (17.5-21.2) 29.3(25.0-33.7)
Men 27,642 (3.3) 3,861 (18.2) | 722 (13.3) 193 (18.5) 3.3(3.2-3.3) | 17.5(17.0-18.0) 16.4 (15.3-17.5) 20.4 (17.9-22.9)
Bipolar Disorder (F30-31 or medication)®
Women 8,944 (1.1) 1,446 (8.3) 95 (4.5) 34 (8.1) 1.1 (1.1-1.1) 8.7 (8.3-9.0) 6.4 (5.6-7.3) 11.4 (9.1-13.6)
Men 5,685 (0.7) 1,149 (5.4) 144 (2.7) 58 (5.6) 0.7 (0.7-0.7) 5.4 (5.1-5.6) 4.0 (3.5-4.5) 7.0 (5.6-8.4)
Major Depressive Disorder (F32-33)
Women 61,501 (7.6) 5,025 (28.9) | 379 (18.1) 113 (26.8) 7.6 (7.5-7.7) | 28.3(27.7-29.0) 21.8(19.9-23.7) 29.6 (25.0-34.1)
Men 33,037 (3.9) 4,336 (20.4) | 696 (12.8) 180 (17.2) 3.9(3.9-4.0) | 20.1(19.6-20.6) 15.9 (14.8-17.0) 19.4 (16.9-21.9)
Personality Disorder (F60-61)
Women 13,913 (1.7) 2,361 (13.6) 166 (7.9) 67 (15.9) 1.7 (1.7-1.7) | 13.4(12.9-13.9) 11.2 (10.2-12.2) 17.2 (14.6-19.7)
Men 8,643 (1.0) 1,950 (9.2) 266 (4.9) 80 (7.7) 1.0 (1.0-1.1) 9.1 (8.7-9.5) 6.8 (6.2-7.4) 10.4 (8.9-12.0)
Schizophrenia Spectrum Disorder (F20-29)
Women 4,472 (0.6) 415 (2.4) 149 (7.1) 29 (6.9) 0.6 (0.5-0.6) 2.4 (2.2-2.6) 9.9 (8.4-11.4) 6.8 (5.6-8.1)
Men 6,960 (0.8) 853 (4.0) 392 (7.2) 75 (7.2) 0.8 (0.8-0.8) 4.1 (3.8-4.4) 10.5 (9.5-11.5) 10.2 (8.3-12.1)
Substance Use Disorder (F10-19)
Women 17,124 (2.1) 2,841 (16.3) 76 (3.6) 37 (8.8) 2.1(2.1-2.1) | 16.1(15.7-16.4) 4.0 (3.6-4.4) 8.1 (7.0-9.3)
Men 29,937 (3.6) 6,009 (28.3) 296 (5.5) 126 (12.1) 3.6 (3.5-3.6) | 27.1(26.6-27.6) 6.7 (6.0-7.4) 13.7 (11.7-15.6)

Abbreviations: ICD-10: International Statistical Classification of Diseases and Related Health Problems 10th Revision, World Health Organization, CI: confidence interval

a.
b.

Adjusted for birth year (5-year groups, from 1967 to 1997, with 1967-1973 as the reference)
Medication: Lithium in the Norwegian Prescription Database (2004-2015)
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Table S3. Prevalence ratios of psychiatric disorders comparing adults with and without ADHD, ASD or ADHD+ASD, based on the study population,

by sex

Psychiatric disorders (ICD-
10)

Prevalence ratio (PR), (95% CI)2

PR model I, (95% CI)°

PR model II, (95% CI)°

Remaining ADHD ASD ADHD+ASD ADHD ASD ADHD+ASD ADHD ASD ADHD+ASD
population
Anxiety Disorders (F40-42) P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.001 P<0.001 P<0.001 P=0.004
Women 1 (ref) 3.8(3.7- | 29(2.6-3.2) 4.4 (3.8-5.1) 3.6 (3.5- | 3.0(2.7-3.3) 4.4 (3.7-5.1) 3.4(3.3-| 2.8(2.6-3.1) 4.1 (3.5-4.9)
3.8) 3.7) 3.5)
Men 1 (ref) 5.4 (5.2- | 5.2 (4.9-5.5) 6.4 (5.7-7.3) 5.1 (5.0- | 5.3 (4.9-5.7) 6.4 (5.6-7.3) 4.7 (4.6- | 5.0 (4.6-5.4) 5.8 (5.1-6.6)
5.6) 5.3) 4.9
Bipolar Disorder (F30-31 or P=0.086 P=0.992 P=0.418 P=0.056 P=0.756 P=0.397 P=0.089 P=0.687 P=0.561
medication?)
Women 1 (ref) 75(7.2- | 5.7(4.7-6.9) | 9.0(6.6-12.4) 74 (7.0-| 59(4.8-7.2) | 8.8(6.2-12.4) 7.9(7.3- | 5.7 (4.8-6.8) 10.6 (8.2-
8.0) 7.9) 8.4) 13.7)
Men 1 (ref) 8.5(7.9- | 6.2(5.3-7.3) 11.9 (9.3- 8.7 (8.1- | 6.2 (5.2-7.3) 12.0 (9.3- 7.1(6.8-| 5.0(4.4-5.7) | 8.4(6.8-10.3)
9.0) 15.2) 9.3) 15.6) 7.4)
Major Depressive Disorder P<0.001 P<0.001 P=0.016 P<0.001 P<0.001 P=0.027 P<0.001 P<0.001 P=0.067
(F32-33)
Women 1 (ref) 3.7(3.6- | 2.8(2.6-3.1) 3.8(3.3-4.5) 3.6 (3.5- | 2.9(2.6-3.1) 3.8(3.2-4.5) 3.3(3.3- | 2.7 (2.5-3.0) 3.6 (3.0-4.3)
3.8) 3.7) 3.4)
Men 1 (ref) 5.2(5.1- | 4.3)4.0-4.6) 5.3 (4.6-6.0) 5.0 (4.8- | 4.4 (4.0-4.7) 5.2 (4.6-6.0) 46 (4.4-| 41(3.8-44) 4.7 (4.1-5.4)
5.4) 5.1) 4.7)
Personality Disorder (F60-61) P<0.001 P=0.379 P=0.249 P=0.001 P=0.761 P=0.206 P=0.003 P=0.802 P=0.120
Women 1 (ref) 7.7 (7.4- | 6.0(5.2-6.9) 10.7 (8.6- 7.1(6.8- | 6.2(5.4-7.2) 10.3 (8.2- 6.5(6.2- | 5.8(5.0-6.8) | 9.6 (7.6-12.2)
8.0) 13.2) 7.4) 13.0) 6.8)
Men 1 (ref) 9.1(8.7- | 7.4 (6.5-8.3) 10.2 (8.3- 8.3(7.9-| 7.3(6.4-8.3) | 9.7 (7.7-12.1) 75(7.1- | 6.8(6.0-7.7) | 8.5(6.8-10.7)
9.6) 12.6) 8.7) 7.9)
Schizophrenia Spectrum P=0.042 P<0.001 P=0.128 P=0.038 P=0.002 P=0.165 P=0.051 P=0.002 P=0.105
Disorder (F20-29)
Women 1 (ref) 4 .4 (4.0- 18.4 (15.7- 16.0 (11.3- 4.4 (4.0- 17.3 (14.7- 16.6 (11.5- 4.1 (3.7- 16.4 (13.8- 15.6 (10.8-
4.9 21.5) 22.6) 4.9) 20.5) 23.9) 4.6) 19.4) 22.6)
Men 1 (ref) 4.9 (4.6- 12.8 (11.6- 11.3 (9.1- 4.9 (4.5- 12.8 (11.5- 11.8 (9.5- 4.4 (4.1- 11.9 (10.7- 10.4 (8.4-
5.3) 14.1) 14.1) 5.3) 14.2) 14.8) 4.8) 13.2) 13.0)
Substance Use Disorder P=0.118 P=0.614 P=0.307 P=0.321 P=0.497 P=0.334 P=0.497 P=0.474 P=0.241
(F10-19)
Women 1 (ref) 7.3(7.0- | 1.9 (1.5-2.3) 4.2 (3.1-5.7) 6.4 (6.1- | 1.9 (1.5-2.4) 4.0 (2.9-5.7) 5.9(5.6- | 1.8(1.4-2.2) 3.7 (2.7-5.2)
7.6) 6.7) 6.1)
Men 1 (ref) 7.8(7.6- | 1.9(1.7-2.2) 3.8(3.3-4.5) 6.8 (6.6- | 1.9 (1.7-2.2) 3.7 (3.2-4.4) 6.3 (6.1- | 1.8 (1.6-2.0) 3.4 (2.8-4.0)
8.0) 7.0) 6.4)
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Abbreviations: ICD-10: International Statistical Classification of Diseases and Related Health Problems 10th Revision, World Health Organization, CI: confidence interval
P-values: Bold P for significant interaction of sex on a multiplicative scale, P<0.05 (likelihood-ratio test)

a. Adjusted for birth year (5-year groups, from 1967 to 1997, with 1967-1973 as the reference)

b.  Model I: Adjusted for birth year, maternal marital status (single, married/cohabiting (reference), other), maternal and paternal education (low (<10 years of education), middle (10-12 years of education and high level
(>12 years of education (reference)), maternal age (<20, 20-24, 25-29(reference), 30-34, 35-39, 40+) and paternal age (<20, 20-24, 25-29, 30-34(reference), 35-39, 40-44, 45-49, 50+) at delivery, gestational age
(<28, 28-31, 32 to 34, 35 to 36, 37 to 41 (reference), 42+), gestational age and sex specific birth weight z-scores (<-2.0; -2.0 to -0.51; -0.5 to 0.5 (reference); 0.51 to 2.0; 2.01+)

c.  Model Il: Adjusted for covariates as in model | and additionally adjusted for maternal and paternal psychiatric disorders (yes/no)

d.  Medication: Lithium in the Norwegian Prescription Database (2004-2015)
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Table S4. Prevalence differences of psychiatric disorders in adults with ADHD, ASD or ADHD+ ASD, by sex
Psychiatric disorders (ICD-10) Prevalence, % (95% CI)2 Prevalence difference, % (95%CI)2
Remaining ADHD ASD ADHD+ASD ADHD RERIP ASD RERI® ADHD+ASD RERIP
population
Anxiety Disorders (F40-42)
Women 6.7 (6.6-6.7) 25.2 (24.6- | 19.3(17.5- 29.3(25.0- | 18.5(17.9- 1.5 12.7 (10.8- -0.08 22.7 (18.3- 1.8
25.8) 21.2) 33.7) 19.1) (1.2-1.7)¢ 14.5) (-0.7;0.5) 27.0) (0.2-3.4)¢
Men 3.3(3.2-3.3) 17.5 (17.0- 16.4 (15.3- 20.4 (17.9- 14.2 (13.7- 13.1 (12.1- 17.1 (14.6-
18.0) 17.5) 22.9) 14.7) 14.2) 19.6)
Bipolar Disorder (F30-31 or
medication)?
Women 1.1(1.1-1.1) 8.7(8.3-9.0) | 6.4 (5.6-7.3) | 11.4 (9.1-13.6) | 7.6 (7.2- 3.9 5.3 (4.5- 2.9 10.3 (8.0-12.5) 3.7
7.9) (3.1-4.7)¢ 6.2) (1.0-4.7)¢ (-1.7;9.1)
Men 0.7 (0.7-0.7) 5.4 (5.1-5.6) | 4.0 (3.5-4.5) | 7.0 (5.6-8.4) 4.7 (4.5- 3.3(2.8- 6.3 (5.0-7.7)
4.9) 3.8)
Major Depressive Disorder (F32-
33)
Women 7.6 (7.5-7.7) 28.3(27.7- | 21.8(19.9- 29.6 (25.0- | 20.7 (20.1- 1.3 14.2 (12.3- 0.6 22.0 (17.4- 1.7
29.0) 23.7) 34.1) 21.4) (1.0-1.5)¢ 16.1) (0.02- 26.5) (0.4-3.1)°
Men 3.9 (3.9-4.0) 20.1(19.6- | 15.9 (14.8- 19.4 (16.9- | 16.2 (15.7- 12.1 (10.9- 1.1)° 15.5 (13.0-
20.6) 17.0) 21.9) 16.7) 13.1) 18.0)
Personality Disorder (F60-61)
Women 1.7 (1.7-1.7) 13.4(12.9- | 11.2 (10.2- 17.2 (14.6- | 11.7 (11.2- 3.8 9.5 (8.5- 2.8 15.5 (12.9- 8.6
13.9) 12.2) 19.7) 12.2) (3.1-4.4)¢ 10.5) (1.3-4.3)¢ 18.0) (4.3-12.9)¢
Men 1.0 (1.0-1.1) 9.1(8.7-9.5) | 6.8(6.2-7.4) | 10.4 (8.9-12.0) | 8.1 (7.7- 5.8 (5.2- 9.4 (7.9-10.9)
8.5) 6.4)
Schizophrenia Spectrum
Disorder (F20-29)
Women 0.6 (0.5-0.6) 2.4 (2.2-2.6) 9.9 (8.4- 6.8 (5.6-8.1) 1.9 (1.6- -1.8 9.4 (7.9- -0.002 6.3 (5.0-7.6) -0.4
11.4) 2.1) (-2.3;-1.4)¢ 10.9) (-2.0;2.0) (-4.8;3.9)
Men 0.8 (0.8-0.8) 41(3.8-4.4) | 105(9.5- | 10.2(8.3-12.1) | 3.3(3.0- 9.7 (8.7- 9.4 (7.5-11.2)
11.5) 3.5) 10.7)
Substance Use Disorder (F10-
19)
Women 2.1(2.1-2.1) 16.1 (15.7- | 4.0(3.6-4.4) | 8.1(7.0-9.3) | 14.0 (13.6- -3.1 1.9 (1.5- -0.2 6.0 (4.8-7.2) -0.6
16.4) 14.3) (-3.3;-2.8)° 2.3) (-0.5;0.1) (-1.6;0.4)
Men 3.6 (3.5-3.6) 27.1(26.6- | 6.7(6.0-7.4) | 13.7(11.7- | 23.5(23.0- 3.2 (2.5- 10.1 (8.2-12.1)
27.6) 15.6) 24.0) 3.8)

Abbreviations: ICD-10: International Statistical Classification of Diseases and Related Health Problems 10th Revision, World Health Organization, CI: confidence interval, RERI: relative excess in risk due to interaction
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a. Prevalence adjusted for birth year (5-year groups, from 1967 to 1997, with 1967-1973 as the reference)
b. Female sex as reference group

c. P<0.05 of the interaction between sex on an additive scale (RERI)

d.  Medication: Lithium in the Norwegian Prescription Database (2004-2015)
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Table S5. Genetic correlations between ADHD/ASD and different psychiatric comorbidities
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Trait Sample size Reference | Heritability | Intercept | Genetic correlation with ADHD Genetic correlation with Difference between
(cases and (PubMed ID) (SE) (SE) ASD genetic correlations
controls) with ADHD and ASD
rg SE P-value rg SE P-value P-value

ADHD 20,183 35,191 | 30478444 0.227(0.01 | 1.03(0.01) NA NA NA 0.36 0.051 | 1.24E-12 NA

5)
ASD 18,381 27,969 | 30804558 0.194(0.01 | 1.01(0.01) 0.360 0.051 1.24E-12 NA NA NA NA

7)
SCz 36,989 | 113,075 | 25056061 0.236(0.00 | 1.05(0.01) 0.127 0.036 4.00E-04 | 0.211 | 0.048 | 1.03E-05 0.161

9)
Alcohol 14,904 | 37,944 | 30482948 0.097(0.01 | 1.02(0.01) 0.456 0.089 3.84E-07 0.058 0.089 0.512 0.002
Dependence* 8) 4
Ever_vs_never | 41,969 32,066 | 20418890 0.075(0.00 | 0.99(0.01) 0.494 0.062 2.15E-15 0.064 | 0.063 0.309 1.34E-06
smoked* 7 4
Bipolar 7,481 9,250 | 21926972 0.447(0.04 | 1.01(0.01) 0.095 0.055 0.080 0.110 | 0.066 0.093 0.861
Disorder 1)
Major 135,458 | 344,901 | 29700475 0.189(0.01 | 0.99(0.01) 0.424 0.033 7.38E-38 0.412 | 0.039 | 1.40E-25 0.814
Depressive 2)
Disorder
Anxiety 7,016 14,745 | 26754954 0.077(0.02 | 1.00(0.01) 0.301 0.131 0.022 0.260 | 0.137 0.057 0.829
Disorders 9
Anti-social Total 28979981 0.055(0.02 | 0.98(0.01) 0.515 0.182 0.005 0.218 | 0.152 0.151 0.211
behavior™ sample=16,400 7)
NEO-5- Total 21173776 0.104(0.03 | 1.08(0.01) -0.133 0.099 0.182 0.001 | 0.126 0.994 9.88E-17
personality sample=17,375 3)
traits***

Abbreviations: ry: denotion of genetic correlation; SE: Standard Error; P: P-value

* proxy for substance use disorder (SUD)

**proxy for anti-social personality disorder

***NEO-5-personality traits; Neuroticism, Extraversion, Openness to experience, Agreeableness and Conscientiousness
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Table S6. Prevalence ratios of psychiatric disorders in different sensitivity analyses comparing adults with and without ADHD, ASD or ADHD+ASD

Psychiatric disorder Prevalence No. (%) Prevalence ratios (95% CI)?

Remaining population| ADHD | ASD | ADHD+ASD ADHD | ASD | ADHD+ASD
Mental retardation (F70-F79) is excluded

Anxiety Disorders 81215 (4.9 8 303 (22.0) | 950 (15.3) 284 (22.2) | 4.3 (4.2-4.4) 3.9(3.7-4.1) 5.0 (4.5-5.5)

Bipolar Disorder 14 427 (0.9) 2 562 (6.8) 174 (2.8) 74 (5.8) 7.9 (7.6-8.2) 4.9 (4.2-5.7) 8.7 (7.0-10.8)

Major Depressive Disorder 94 028 (5.7) 9236 (24.5) | 989 (15.9) 276 (21.6) | 4.2(4.1-4.3) 3.5(3.4-3.7) 4.3 (3.9-4.7)

Personality Disorder 22 349 (1.4) 4252 (11.3) | 412(6.6) 142 (11.1) | 8.2 (7.9-8.5) 7.1 (6.5-7.8) 10.1 (8.7-11.7)

Schizophrenia Spectrum Disorder 10985 (0.7) 1199 (3.2) 455 (7.3) 92 (7.2) 4.8 (4.5-5.1) | 16.5(15.1-18.1) | 13.9 (11.5-16.9)

Substance Use Disorder 46 734 (2.8) 8709 (23.1) | 348 (5.6) 150 (11.7) | 7.8 (7.7-8.0) 2.4 (2.2-2.7) 4.5 (3.8-5.2)

Schizophrenia (F20-F29) is excluded
Bipolar Disorder 12 862 (0.8) 2 345 (6.3) 179 (2.6) 62 (4.6) 8.2 (7.9-8.6) 5.1 (4.4-5.8) 7.9 (6.2-10.1)
Substance Use Disorder 42 979 (2.6) 8009 (21.4) | 268 (3.8) 125 (9.2) 7.9 (7.7-8.1) 1.8 (1.6-2.0) (3.3-4.5)
SUD (F10-F19) is excluded
Schizophrenia Spectrum Disorder | 7 350 (0.5) | 427(14) | 437(6.1) | 66(5.1) |3.4(3.1-3.8) | 20.7 (18.9-22.8) | 15.8 (12.5-20.0)

Psychiatric disorders registered at least twice in the NPR

Anxiety Disorders 74 317 (4.5) 7727 (20.0) | 1587 (21.1) | 360 (24.5) | 4.3(4.2-4.4) 4.7 (4.5-4.9) 5.2 (4.8-5.7)
Bipolar Disorder 12 284 (0.7) 2 143 (5.6) 224 (3.0 82 (5.6) 7.5 (7.2-7.9) 5.1 (4.4-5.8) 8.9 (7.2-11.0)
Major Depressive Disorder 89 763 (5.4) 8675 (22.5) | 1462 (19.4) | 342 (23.3) | 4.1(4.0-4.1) 3.6 (3.5-3.8) 4.3 (3.9-4.7)
Personality Disorder 20246 (1.2) 3724 (9.6) 429 (5.7) 142 (9.7) 7.7 (7.5-8.0) 5.8 (5.2-6.3) 8.9 (7.6-10.4)
Schizophrenia Spectrum Disorder 10 415 (0.6) 1070 (3.8) 619 (8.2) 98 (6.7) 4.4 (4.2-4.7) | 16.4 (15.1-17.7) | 12.5 (10.3-15.1)
Substance Use Disorder 36 110 (2.2) 8000 (20.7) | 393 (5.2) 163 (11.1) | 9.3(9.1-9.5) 2.8 (2.5-3.1) 5.5 (4.8-6.4)

Abbreviations: ClI: confidence interval

a.

Adjusted for birth year (5-year groups, from 1967 to 1997, with 1967-1973 as the reference period)
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Table S7. Prevalence ratios of psychiatric disorders comparing adults with and without ADHD or ASD, using missing imputation for gestational
age and sex-specific birth weight by gestational age z-scores

Psychiatric Crude prevalences, No. (%) PR non-imputed model Il, (95% CI)? PR imputed model Il, (95% CI)?
disorders
Remaining ADHD ASD | ADHD+ASD | Remaining ADHD ASD ADHD+ASD | ADHD ASD ADHD+ASD
population population
Anxiety Disorders 81781 (5.0) 8 422 1062 308 (21.0) 1 (ref) 4.0(3.9-4.1) | 3.1(2.9- | 4.2(3.8-4.7) 4.0 3.0 4.1 (3.7-4.6)
(21.8) (14.2) 3.2) (3.9- (2.8-
4.1) 3.1)
Bipolar Disorder 14 629 (0.9) | 2595 (6.7) 239 92 (6.3) 1 (ref) 7.5(7.1-7.8) | 45(3.9- | 8.1(6.6-10.0) 7.3 4.4 8.2 (6.7-
(3.2) 5.1) (7.0- (3.9- 10.0)
7.6) 5.0)
Major Depressive 94 538 (5.7) 9361 1,075 293 (20.0) 1 (ref) 3.9(3.8-4.0) | 2.7 (2.6- | 3.6(3.2-4.0) 3.9 2.7 3.5(3.2-3.9)
Disorder (24.2) (14.3) 2.9) (3.8- (2.5-
3.9) 2.8)
Personality 22 556 (1.4) 4311 432 147 (10.0) 1 (ref) 7.2(7.0-75) | 49(4.4- | 7.4(6.3-8.8) 7.1 4.8 7.2 (6.1-8.5)
Disorder (11.2) (5.7) 5.4) (6.9- (4.4-
7.4) 5.3)
Schizophrenia 11 432 (0.7) | 1268 (3.3) 541 104 (7.1) 1 (ref) 4.7 (4.4-5.0) 12.6 12.3 (10.2- 4.6 11.7 10.1 (8.0-
Spectrum Disorder (7.2) (11.5- 14.9) (4.3- (9.7- 12.6)
13.8) 4.9) 14.1)
Substance Use 47 061 (2.9) 8 850 372 163 (11.1) 1 (ref) 6.6 (6.5-6.8) | 1.8 (1.6- | 3.7 (3.2-4.3) 6.5 1.8 3.5(3.0-4.1)
Disorder (22.9) 4.9 2.0) (6.4- (1.6-
6.7) 1.9)

Abbreviations: PR: Prevalence ratio, Cl: confidence interval

a. Model II: Adjusted for birth year, maternal marital status (single, married/cohabiting (reference), other), maternal and paternal education (low (<10 years of education), middle (10-12 years of education and high level
(>12 years of education (reference)), maternal age (<20, 20-24, 25-29(reference), 30-34, 35-39, 40+) and paternal age (<20, 20-24, 25-29, 30-34(reference), 35-39, 40-44, 45-49, 50+) at delivery, gestational
age (<28, 28-31, 32 to 34, 35 to 36, 37 to 41 (reference), 42+), gestational age and sex specific birth weight z-scores (<-2.0; -2.0 to -0.51; -0.5 to 0.5 (reference); 0.51 to 2.0; 2.01+), maternal and paternal
psychiatric disorders (yes/no)
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