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Background

Although attention-deficit hyperactivity disorder (ADHD) is clas-
sified as a neurodevelopmental disorder in the latest diagnostic
manuals, it shows phenotypic and genetic associations of similar
magnitudes across neurodevelopmental, externalising and
internalising disorders.

Aims

To investigate if ADHD is aetiologically more closely related to
neurodevelopmental than externalising or internalising disorder
clusters, after accounting for a general psychopathology factor.

Method

Full and maternal half-sibling pairs (N = 774 416), born between
1980 and 1995, were identified from the Swedish Medical Birth
and Multi-Generation Registers, and ICD diagnoses were
obtained from the Swedish National Patient Register. A higher-
order confirmatory factor analytic model was fitted to examine
associations between ADHD and a general psychopathology
factor, as well as a neurodevelopmental, externalising and
internalising subfactor. Quantitative genetic modelling was
performed to estimate the extent to which genetic, shared and
non-shared environmental effects influenced the associations
with ADHD.

Results

ADHD was significantly and strongly associated with all three
factors (r=0.67-0.75). However, after controlling for a general

Overlap between attention-deficit hyperactivity
disorder and neurodevelopmental, externalising
and internalising disorders: separating unique
from general psychopathology effects

Ebba Du Rietz, Erik Pettersson, Isabell Brikell, Laura Ghirardi, Qi Chen, Catharina Hartman,
Paul Lichtenstein, Henrik Larsson and Ralf Kuja-Halkola

psychopathology factor, only the association between ADHD
and the neurodevelopmental-specific factor remained moder-
ately strong (r = 0.43, 95% Cl = 0.42-0.45) and was almost entirely
influenced by genetic effects. In contrast, the association
between ADHD and the externalising-specific factor was smaller
(r=0.25, 95% Cl=0.24-0.27), and largely influenced by non-
shared environmental effects. There remained no internalising-
specific factor after accounting for a general factor.

Conclusions

Findings suggest that ADHD comorbidity is largely explained by
genetically influenced general psychopathology, but the strong
link between ADHD and other neurodevelopmental disorders is
also substantially driven by unique genetic influences.
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In the former versions of the diagnostic manuals DSM-IV-TR' and
ICD-10,” attention-deficit hyperactivity disorder (ADHD) was clas-
sified as part of disruptive behaviour disorders, often referred as
‘externalising’ disorders.™ In the recently updated versions of the
DSM-5 and ICD-11, ADHD is classified as a neurodevelopmental
disorder. This change is supported by the high comorbidity and
similar characteristics between ADHD and neurodevelopmental
disorders.”™” A recent meta-analysis of twin studies, however, sug-
gested substantial genetic overlap between ADHD and not only neu-
rodevelopmental disorders, but also externalising and internalising
disorders (genetic correlations, 0.49-0.56).% These quantitative
genetic findings have been paralleled by recent molecular genetic
research, further suggesting similar magnitudes of genetic associa-
tions between ADHD and neurodevelopmental, externalising and
internalising disorders.””"' The substantial degree of genetic
overlap between psychiatric disorders demonstrates that genetic
variants that contribute to risk for developing psychiatric disorders
have highly pleiotropic effects, i.e. influencing multiple disorders.
There has been an increased research interest into a latent general
psychopathology factor that explains phenotypic and genetic vari-
ation (10-57%) across psychiatric conditions, including
ADHD."*'® However, it remains unclear whether genetic effects
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for ADHD are shared with other neurodevelopmental disorders,
as well as externalising and internalising disorders, after accounting
for general psychopathology. Some evidence for genetic specificity
comes from a population-based study that investigated associations
between polygenic risk score (PRS) for ADHD and childhood psy-
chiatric symptoms after controlling for a general psychopathology
factor;'® the specific association between ADHD PRS and hyper-
activity—-impulsivity symptoms was significant, but not with other
neurodevelopmental, externalising or internalising symptoms.'®
This finding is largely in line with another study that used ADHD
PRS in children.'” These prior studies, however, used PRSs of
limited power to capture genetic variation associated with disease
specificity,'>'® and have mainly focused on psychiatric symptoms
obtained in childhood. Further research, using statistically powerful
methods and clinical assessments beyond childhood, are therefore
needed to understand if ADHD is aetiologically closer to certain
psychiatric domains after accounting for general psychopathology.

Aims
The aim of this study is to use a large-scale, multivariate sibling
design of children and young adults to estimate the general versus
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specific (after controlling for general effects) psychopathologic
influences that explain the associations between ADHD and
comorbid disorder clusters (neurodevelopmental, externalising
and internalising), and to what extent these are genetic or environ-
mental in origin. Despite uncertainties in the current research litera-
ture, we hypothesise that ADHD will be most aetiologically closely
linked to the neurodevelopmental cluster after accounting for a
general psychopathology factor, in light of the similar disorder char-
acteristics,”™” which would support the structure of the recently
revised diagnostic manuals.

Method

Sample

Our source population comprised all individuals born in Sweden
between 1980 and 1995, identified from the Medical Birth Register
(1688807 individuals). We excluded individuals who were born
with congenital malformations (n =80 912), died (n = 7412) or emi-
grated (n = 57 389) before the age of 15 years. Using Swedish personal
identification numbers, we linked several nation-wide registers. The
National Patient Register includes psychiatric in-patient admissions
in Sweden since 1973 and out-patient diagnoses since 2001, classified
according to the ICD-8 (1969-1986), ICD-9 (1987-1996) or ICD-10
(1997-present). Lifetime diagnoses were treated as binary variables
(presence/absence). Each participant could receive more than one
diagnosis during the study period.

Using the Multi-Generation Register, we identified all full and
maternal half-siblings, excluding adopted children (n=11266).
Among individuals without half-siblings, we selected one random
full sibling pair per family who were not twins. In families with
half-siblings, we randomly selected one pair of maternal half-sib-
lings. In total, we included 774 416 individuals from 341 066 full
and 46 142 maternal half-sibling pairs. The authors assert that all
procedures contributing to this work comply with the ethical stan-
dards of the relevant national and institutional committees on human
experimentation and with the Helsinki Declaration of 1975, as revised
in 2008. All procedures involving human patients were approved
by the Regional Ethical Review Board in Stockholm, Sweden (Dnr
2013/862-31/5). Since our study was based on population registers,
the requirement for informed consent was waived.

Measures

We extracted main and secondary ICD-9 and ICD-10 diagnoses from
in-patient or out-patient services from the National Patient Register.
We focused on neurodevelopmental, externalising and internalising
disorders that are polygenic in nature (e.g. Rett’s syndrome was
excluded; see Supplementary Table 1, available at https://doi.org/10.
1192/bjp.2020.152, for included disorders and ICD codes).

Statistical analysis
Phenotypic analyses

We grouped the disorders into three clusters based on the structure
in the DSM-5 and ICD-11, and on clustering structures from previ-
ous literature.>***> The neurodevelopmental cluster included
autism spectrum disorder, developmental and learning disorders,
intellectual disability and motor disorders. The externalising
cluster included oppositional defiant disorder, conduct disorder,
antisocial personality disorder, alcohol misuse and drug misuse.
Conduct disorder, oppositional defiant disorder and antisocial per-
sonality disorders were grouped as one disorder category because of
low prevalence rates and the moderately high conversion rate of
oppositional defiant disorder and conduct disorder into adult
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antisocial personality disorder.”*** The internalising cluster
included depression, general anxiety, phobic disorders, reactions
to severe stress and adjustment disorders (e.g. post-traumatic
stress disorder), and obsessive-compulsive disorder.

We fitted a higher-order confirmatory factor analytic model on
individual-level phenotypic data across full and maternal half-
sibling pairs, hereafter referred to as the general factor model.
This model was suitable for our research question, as it enables par-
titioning the relative contributions of general and cluster-specific
factors from the overall correlations between ADHD and disorder
clusters. The three latent subfactors (neurodevelopmental, externa-
lising and internalising subfactors) were set to load onto the psychi-
atric disorders. We modelled a general psychopathology factor, which
loaded onto each of the three subfactors. Correlations between the
subfactors were fixed to zero so that they only correlated through
the psychopathology factor. Each subfactor had an additional
loading from a specific factor (i.e. residual variance not explained
by the general factor), referred to as the neurodevelopmental-, exter-
nalising- and internalising-specific factors. Correlations between each
specific factor and the general factor were fixed to zero. We then cor-
related ADHD with the general and the three specific factors.

Quantitative genetic analyses

We used a multivariate sibling design to establish the genetic and
environmental aetiology of the general factor and the three subfac-
tors (neurodevelopmental, externalising and internalising) by speci-
fying additive genetic (A), shared environmental (C) and non-
shared environmental (E) latent variables as sources of variance
and covariance between factors."> A-variables were estimated by
fixing them to correlate between siblings at their expected average
sharing of cosegregating genes (0.5 for full siblings, 0.25 for half-sib-
lings). C-variables (i.e. non-genetic components that make sibling
pairs similar) were estimated by fixing them to correlate at unity
across full and half-siblings. Thus, we assumed the shared environ-
ment variables to be equally shared across full and maternal half-
siblings, as previous literature has shown strong support for this
assumption in Swedish registers.'> E-variables were estimated by
fixing them to correlate at zero across all siblings, thus measuring
non-genetic components making siblings within a pair dissimilar.

All analyses included gender and birth year (as categories, see
Table 1) as covariates to adjust for different follow-up lengths and
cohort effects. Analyses were performed in R (version 3.4.1 for
Windows), using the ‘corrplot’ (version 0.84) and ‘OpenMx’
packages (version 2.15.5).>*° Because half-siblings tend to
display a higher rate of disorders than full siblings,”*® prevalence
rates were allowed to vary across full and half-siblings. We used
weighted least squares for model fitting, and y*-tests to compare
nested models. We evaluated if the models provided a good fit
using the root-mean-square error of approximation (RMSEA; com-
parison to the maximum possible fit to the data) and the compara-
tive fit index (CFI; comparison to a model where correlations
between observed variables are assumed to be zero).>’ Data analysis
was performed between 3 May 2019 and 14 January 2020.

Secondary analyses

To allow comparability with prior findings in the literature, we ran
additional analyses with methodological approaches that have been
more commonly used in research. First, we conducted univariate
ACE modelling of the psychiatric disorders to allow comparability
with estimates from twin studies. Second, we fitted a correlated
factors model, where disorders loaded onto one of the three neuro-
developmental, externalising and internalising subfactors (allowing
subfactors to correlate and without a general factor). We additionally
ran a bifactor model, which derives the general psychopathology
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Table 1

All, n (%) Males, n (%) Females, n (%)

Total 774416 (100.0) 397175 (51.3) 377 241 (48.7)
Born 1980-83 139336 (18.0) 71605 (18.0) 67731 (18.0)
Born 1984-87 195555 (25.3) 99962 (25.2) 95593 (25.3)
Born 1988-91 247113 (31.9) 127119 (32.0) 119994 (31.8)
Born 1992-95 192412 (24.8) 98 489 (24.8) 93923 (24.9)
Full siblings 682132 (88.1) 350420 (88.2) 331712 (87.9)
Maternal half-siblings 92284 (11.9) 46755 (11.8) 45529 (12.1)
Followed until age, yr, mean (s.d.) 25.29 (4.22) 25.32 (4.22) 25.26 (4.22)
Attention-deficit hyperactivity disorder 18912 (2.4) 11512 (2.9 7400 (2.0)
Neurodevelopmental disorders

Autism spectrum disorder 9012 (1.2) 5789 (1.5) 3223 (0.9

Developmental disorders 3615 (0.5) 2267 (0.6) 1348 (0.4)

Intellectual disability 5729 (0.7) 3327 (0.8) 2402 (0.6)

Motor disorders 2663 (0.3) 1921 (0.5) 742 (0.2)
Externalising disorders

Oppositional defiant and related disorders 2261 (0.3) 1414 (0.4) 847 (0.2)

Alcohol misuse 25784 (3.3 13466 (3.4) 12318 (3.3)

Drug misuse 13458 (1.7) 8311 (2.1) 5147 (1.4)
Internalising disorders

Depression 40020 (5.2) 14613 (3.7) 25407 (6.7)

Generalised anxiety disorder 36186 (4.7) 12568 (3.2) 23618 (6.3)

Phobias 7700 (1.0) 3096 (0.8) 4604 (1.2)

Reactions to severe stress and adjustment disorders 17 661 (2.3) 6023 (1.5) 11638 (3.1)

Obsessive—compulsive disorder 5724 (0.7) 2316 (0.6) 3408 (0.9)
Oppositional defiant and related disorders includes oppositional defiant disorder, conduct disorder and antisocial personality disorder.

Overlap between ADHD and psychiatric disorders

Descriptive statistics in study sample: age, gender and prevalence rates of psychiatric disorders

factor from the correlation matrix between the psychiatric disorders
rather than higher-order subfactors. With this bifactor model, we
aimed to investigate if the patterns of within-individual and
between-sibling correlations of ADHD with the cluster-specific
factors remained when the correlation between disorders in different
clusters were not forced to correlate through the general psychopath-
ology factor via the cluster subfactors. To examine the robustness of
our findings across different sibling selection criteria, we re-ran the
general factor quantitative genetic analyses on sibling pairs born
closest together rather than random pairs in a family. Finally, to
examine whether differences in disease onset (e.g. early versus late
adult onset of the non-neurodevelopmental disorders) had a substan-
tial confounding effect on the structure of our general factor model,
and on phenotypic and aetiologic associations of disorder clusters
with ADHD, we repeated the general factor quantitative genetic ana-
lyses, decreasing the maximum follow-up age by 1 year at a time. This
was achieved by increasing the earliest included birth year from 1980
t0 1990 by 1 year at a time, with follow-up ages ranging from 18-33 to
18-23 years.

Results

In the sample, 51.3% were males and the average follow-up length
was until 25.3 years of age (Table 1 for information on gender,
birth year and prevalence of psychiatric disorders). Figure 1 displays
the within-individual phenotypic (tetrachoric) correlations between
psychiatric disorders (Supplementary Table 2 for 95% Cls). The
overall pattern of correlations showed that psychiatric disorders
most strongly correlated with other disorders within their respect-
ive, prespecified neurodevelopmental, externalising or internalising
clusters, whereas the correlations between ADHD and other disor-
ders were difficult to characterise.

General factor model
Phenotypic analyses

The general factor model fit the data well (RMSEA =0.006,
CFI =0.974). The general psychopathology factor loaded moderately
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to strongly on the neurodevelopmental, externalising and internalis-
ing subfactors (factor loadings 0.60, 0.77 and 0.99, respectively)
(Supplementary Table 3a). ADHD was significantly and strongly
correlated with the general psychopathology factor (r=0.67). The
total correlations between ADHD and the neurodevelopmental,
externalising and internalising subfactors (sum of contributions
through the general psychopathology and cluster-specific factors)
were 0.75, 0.67 and 0.67, respectively. Because the general psycho-
pathology factor loaded almost perfectly on the internalising subfac-
tor, we could not estimate valid standard errors. We therefore fixed
the internalising subfactor to have a loading of 1 from the psycho-
pathology factor, which did not lead to a worse model fit
(Supplementary Table 3b) and did not affect the subsequent esti-
mates (Supplementary Tables 3-8). In this model, the magnitude
of loadings on the neurodevelopmental and externalising subfactors
from the general psychopathology factor, and their correlations
with ADHD, remained unchanged (Fig. 2 and Supplementary
Tables 3¢ and 6 for 95% Cls).

After accounting for the general psychopathology factor,
ADHD showed a significant and moderately strong phenotypic
correlation with the neurodevelopmental-specific factor (r=0.43,
95% CI=0.42-0.45), and a significantly smaller correlation with
the externalising-specific factor (r=0.25, 95% CI=0.24-0.27).
Given that variance in the internalising factor was entirely
subsumed by its covariance with the general psychopathology
factor (loading fixed at 1), a correlation was not estimable with
the internalising-specific factor (Fig. 2 and Supplementary Table 6).

Quantitative genetic analyses

Observed correlations among psychiatric disorders and latent
factors between full and maternal half-sibling pairs are shown in
Supplementary Tables 7 and 9.

The model fitting results estimated the heritability of the general
psychopathology factor at 0.49, with the contribution of shared
environment at 0.07 and non-shared environment at 0.44. For the
neurodevelopmental-specific and externalising-specific factors, the
estimated heritability was 0.89 and 0.80, the shared environment
contribution was 0.09 and 0.06 and the non-shared environment
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Fig. 1 Observed within-individual phenotypic correlations between disorders.

ADHD, attention-deficit hyperactivity disorder; OCD, obsessive-compulsive disorder; ODD, oppositional defiant disorder, conduct disorder and antisocial personality disorder.
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Fig. 2 General factor solution: factor loadings and phenotypic correlations between ADHD and the general psychopathology factor,

neurodevelopmental-specific and externalising-specific factors.

ADHD, attention-deficit hyperactivity disorder; ASD, autism spectrum disorder; GAD, generalised anxiety disorders; OCD, obsessive-compulsive disorder; ODD, oppositional defiant,
conduct and antisocial personality disorders; Stress, reactions to severe stress and adjustment disorders.
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disorder (ADHD), explained by specific and general additive genetic (A), specific and general shared (C) and specific and general non-shared (E)
environmental effects. See Supplementary Table 14 for estimates and 95% Cls.

contribution was 0.03 and 0.14, respectively. Estimates are plotted in
Fig. 3 and corresponding 95% CIs are reported in Supplementary
Table 10 (see Supplementary Table 11 for ACE correlations).

For the phenotypic correlation between ADHD and the general
psychopathology factor (r=0.67), genetics contributed with 0.35
(52% of total correlation), shared environment contributed with
0.06 (9%) and non-shared environment contributed with 0.26
(39%) (see Supplementary Table 10 for estimates and 95% Cls).
For the phenotypic correlation between ADHD and the neurodeve-
lopmental-specific factor (r = 0.43), genetics contributed with 0.46
(107%; >100% because of negative contribution to correlation
from shared environment), shared environment contributed with
—0.07 (—15%; negative contribution to correlation) and non-
shared environment contributed with 0.04 (8%). For the phenotypic
correlation between ADHD and the externalising-specific factor
(r=0.25), genetics contributed with 0.06 (23%), shared environ-
ment contributed with 0.06 (22%) and non-shared environment
contributed with 0.14 (55%) (Fig. 3 and Supplementary Table 10).

Secondary analyses

See Supplementary Table 12 for univariate ACE model estimates for
single disorders, which are overall in line with prior estimates from
twin studies.’>>! The correlated factors model (RMSEA = 0.006,
CFI=0.974) revealed that the three neurodevelopmental, externa-
lising and internalising subfactors were moderately to strongly
intercorrelated (r=0.46-0.77), and were all significantly and
strongly correlated with ADHD (r = 0.67-0.75). The magnitude of
correlations, along with the heritability and coheritability of the sub-
factors and ADHD, were overall in line with previous research
(Supplementary Fig. 1).'>'"'*172* The bifactor model (RMSEA =
0.004, CFI=0.982) revealed very similar within-individual and
between-sibling correlations of ADHD with the general and specific
factors compared with the higher-order model (Supplementary
Fig. 2 and Table 13).

When we re-ran analyses on siblings born closest together, the
estimates and model fit remained very similar to when we used

https://doi.org/10.1192/bjp.2020.152 Published online by Cambridge University Press

random sibling pairs in a family (Supplementary Fig. 3). The nega-
tive contribution of the shared environment on the correlation
between ADHD and the neurodevelopmental-specific factor
decreased slightly in the analyses of siblings born closest together.
Lastly, when analyses were repeated in subcohorts with different
lengths of maximum follow-up age, the overall pattern of results
remained. Although the sample size decreased with every 1-year
reduction in follow-up, resulting in increased instability in esti-
mates, the results remained similar in terms of decomposition of
the correlations between ADHD and neurodevelopmental, interna-
lising and externalising factors into specific and general A, C and E
components (Supplementary Fig. 4).

Discussion

In this large-scale, register-based sibling study, we showed for the
first time, using clinical diagnoses, that ADHD is more phenotypic-
ally and genetically linked to neurodevelopmental disorders than to
externalising and internalising disorders, after accounting for a
general psychopathology factor.

The phenotypic correlations between ADHD and the neurode-
velopmental, externalising and internalising subfactors were all
strong, and were moderately to strongly influenced by genetic vari-
ation, in line with previous research.>'®**** After accounting for
the general psychopathology factor, the correlation between ADHD
and the neurodevelopmental-specific factor remained moderately
strong, and was largely genetic in origin, suggesting substantial
unique sharing of biological mechanisms between disorders. In con-
trast, the correlation between ADHD and the externalising-specific
factor was much smaller and was largely explained by non-shared
environmental effects. The observation that there remained an asso-
ciation between ADHD and the externalising-specific factor after
accounting for familial (genetic and shared environmental) effects
is in line with a causal framework of ADHD on externalising disor-
ders. ADHD, which often has an early onset, might subsequently
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lead to later-onset substance misuse or antisocial personality dis-
order. Additional research, using longitudinal causal modelling
approaches, may further unravel the effect of ADHD on subsequent
externalising disorders. Lastly, the correlation between ADHD and
the internalising subfactor was almost entirely explained by the
general psychopathology factor. This finding suggests that the
comorbidity of ADHD and internalising disorders is largely
because of pleiotropic genetic effects and non-shared environmental
influences that have general effects on psychopathology.

Research and clinical implications

Although past research and results from our correlated factors
model suggest similar magnitudes of genetic overlap between
ADHD and different psychiatric disorders, we found that after
accounting for general psychopathology, the strongest genetic
sharing was with neurodevelopmental disorders. These findings
demonstrate that isolating the psychopathology factor may allow
for identifying specific mechanisms (e.g. biological pathways) and
risk factors, uniquely related to only a subset of disorders or syn-
dromes, and may have large potential for future aetiological
research. For example, the Hierarchical Taxonomy of
Psychopathology framework hypothesises that a higher-order
approach to phenotypes may increase the precision of molecular
genetic findings by differentiating between genetic liability for
broad psychopathology and dimension-specific genetic risk
factors.™

Our findings on the close unique genetic link between ADHD
and the neurodevelopmental subfactor are in line with the current
diagnostic classification of ADHD as a neurodevelopmental dis-
order, despite our use of ICD codes from the former classification
system. We acknowledge that there is debate regarding to what
extent genetic structure of diseases should be used to inform diag-
nostic nosology.35_37 However, a common view in research is that
genetic data, and mechanisms learned from them, can, at least in
part, aid in the formulations and/or revisions of the clinical syn-
dromes and diagnostic classification.””

Limitations

This large-scale study has several strengths, including the use of
comprehensive and clinical assessments of psychiatric disorders
across childhood and young adulthood, and the use of a representa-
tive population cohort. However, findings should be interpreted in
light of some limitations.

Individuals with multiple psychiatric diagnoses or with sib-
lings who have diagnoses may be more likely to get in contact
with the mental health system, which can lead to an overesti-
mation of associations among disorders and sibling pairs. On
the other hand, these registers do not include individuals with rela-
tively mild psychiatric problems, or troubled individuals who do
not seek help or receive specialist care, leading to an underestima-
tion of prevalence rates. Nevertheless, we note that our results of a
general factor of psychopathology are largely consistent with pre-
vious survey studies, suggesting that results are not entirely
because of these biases.'>'®

During the follow-up period of individuals in our cohort, there
have been changes in diagnostic practises for several psychiatric dis-
orders (e.g. the rate of ADHD diagnoses increased fivefold from
2004 to 2015),>® and the register coverage has improved. Further,
there were variations in follow-up length between individuals in
our study. To account for these issues, we adjusted for the associ-
ation between birth year and the expected prevalence for each dis-
order. However, if the change in diagnostic practises and register
coverage has changed the phenotypes and aetiologies of the diagno-
ses, or has had differential effects on the disorders, we may have
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remaining bias in our results. Replication using other data
sources, or similar sources with longer follow-up, would strengthen
the inferences from the current study. To further account for varia-
tions in follow-up length, we also repeated analyses in younger adult
subcohorts (i.e. with narrower age ranges and follow-up length),
by excluding one birth year cohort at a time, starting with the
oldest; findings revealed consistent patterns across these subcohorts.
For the ACE models, we assumed that full and maternal half-sib-
lings share their common (family) environment to the same
degree. We acknowledge that this is a simplification, but sensitivity
analyses in a similar study showed strong support for this assump-
tion.'® Further, when we re-ran analyses with siblings born closest
together (i.e. siblings who are closer in age and may therefore
share more common environment), our overall results remained
unchanged.

A limitation of our analysis of nation-wide administrative
patient data is that findings cannot be interpreted in relation to
more refined ADHD subtypes. Thus, it is important to note that
there may be heterogeneity in the aetiology of ADHD, and indivi-
duals with ADHD may display different patterns of comorbidities.
However, investigations into this is beyond the scope of our study
and level of analysis.

Lastly, our finding that the general psychopathology factor
loaded nearly perfectly on the internalising subfactor has been
reported in previous research,'® and studies have often reported
that internalising disorders have the highest, or among the
highest, loadings from the general factor.'>'*'”** However, it is
possible that this high loading may have partly resulted from the
predefined confirmatory approach to factor definitions.
Furthermore, the chosen disorders in a study dictates what the psy-
chopathology factor captures; thus, the resulting structure will be
partly specific to the current study design. The bifactor model pro-
duced very similar within-individual and between-sibling correla-
tions between ADHD and the neurodevelopmental, externalising
and internalising subfactors compared with the higher-order
model. This supports the robustness of our results, and suggests
that the almost perfect loading of the general psychopathology
factor on the internalising subfactor is not a major source of bias.

In conclusion, ADHD comorbidity is largely explained by
partly genetically influenced general psychopathology, but the
strong link between ADHD and other neurodevelopmental disor-
ders is also driven by specific genetic influences. These findings
support the classification of ADHD as a neurodevelopmental dis-
order in the recently revised diagnostic manuals, and provide
insights into the structure of the aetiologic underpinnings of
psychopathology.
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Aretaeus the Cappadocian advanced empirical psychiatric nosology on a
biological basis, acknowledged the limits of his treatments and knew the
dual powers of love

Greg Wilkinson

Aretaeus of Cappadocia (~2nd century ap), the celebrated Greek physician, is reputedly second only to Hippocrates in clinical
observation. He is credited with the first description of coeliac disease, the naming and earliest accurate account of diabetes,
the first correct depiction of asthma — among other things. Phrenitis, hysteria, melancholy and mania were identified before him
but Aretaeus advanced empirical psychiatric nosology on a contemporaneous biological basis.

He was forgotten until the discovery in 1552 of two incomplete manuscripts on the causes, symptoms and treatment of acute
and chronic diseases. A Latin translation appeared in Venice and 2 years later the original Greek text was published in Paris. In
English, he is best known from a translation (1856) by Francis Adams (1796-1861), an overlooked medical scholar and the family
doctor for 42 years in rural Banchory, Aberdeenshire.

The Cappadocian tells that phrenitis is seated in the head and senses. There is no surviving explanation of and treatment for
hysterical suffocation, perhaps because missing or of spontaneous resolution. Melancholy is lowness of spirits from a single
phantasy: the commencement and a part of mania. There is not one particular form of melancholy, which with treatment is
entirely removed or has intervals of several years, but generally melancholy is again engendered. Mania is madness, derange-
ment of mind: one genus and infinite in species. Those who have formerly been mad are more prone to melancholy. Dotage in
old age never intermits, until death, whereas mania intermits and, with care, ceases altogether; but if patients attain some relax-
ation from the condition, they become torpid, dull, sorrowful; for having come to a knowledge of the disease they are saddened
with their own calamity.

Against that background, Aretaeus says:

‘Itis impossible, indeed, to make all the sick well, for a physician would thus be superior to a god; but the physician can produce respite from
pain, intervals in diseases, and render them latent;"

yet,
‘A story is told, that a certain person, incurably affected, fell in love with a girl; and when the physicians could bring him no relief, love cured
him. But | think that he was originally in love, and that he was dejected and spiritless from being unsuccessful with the girl, and appeared to the
common people to be melancholic. He then did not know that it was love; but when he imparted the love to the girl, he ceased from his
dejection, and dispelled his passion and sorrow; and with joy he awoke from his lowness of spirits, and he became restored to understanding,
love being his physician.”

Although some advocate that Aretaeus plagiarised Archigenes of Apamea. That is another story.
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