


GENERAL DISCUSSION

In this thesis | investigated the etiology and biological correlates of general psycho-
pathology, DNA methylation in relation to ADHD symptoms and the genetics and bias-
es of cortisol measurements. The studies confirmed some of our hypothesis, rejected
others and produced some unexpected results. In the following the findings of each
chapter will be summarized and interpreted. | will then discuss methodological con-
siderations, followed by clinical implications and a thesis summary. Rather than bore
the readers and repeat the discussion provided in previous chapters, | selected several
findings for more in depth considerations.

Chapter Il

In chapter Ill.A we investigated the association of parental age at delivery with child
internalizing and externalizing symptoms in school-age. This study rejects the hypoth-
esis that parental age is linked to internalizing problems. The conclusions was highly
consistent across all four cohorts participating in the study. It appears that parental age
either does not have adverse impacts or that the biological aspects of parental are com-
pensated by other associated factors. A natural candidate for compensation would be
better socioeconomic status (SES) with higher age, though adjustment for indicators of
SES did not change conclusions. Surprisingly, higher parental age had beneficial associ-
ations with externalizing problems. Again, adjusting for SES did not change conclusions.
Since the associations were only present for externalizing symptoms, one may conclude
that the parental age effects are exclusive to externalizing disorders. However, without
testing general psychopathology factor models, this conclusion may be premature as
chapter 1I.5 teaches us. Using an internalizing/externalizing model without including
the general psychopathology factor did not suggest any associations in that chapter,
while associations with general and specific externalizing factors were detected using a
general psychopathology factor model. Thus, parental age may also be associated with
internalizing symptoms indirectly via general psychopathology, but future research is
needed to investigate this possibility.

Chapters III.B and IIl.C and III.E introduced general psychopathology factors based
on multiple informants in school-aged children. These models were first evaluated
based on fit statistics, i.e. measures of how well they explain the observed correlation
between the symptom scores. Then the psychopathology factors associated were asso-
ciated with external predictors, childhood correlates and adolescence/adulthood out-
comes. Specifically we tested associations with single nucleotide polymorphism, white
matter integrity at age 10, school achievement test results, and with criminal behavior
in adulthood, problem drinking, wellbeing and psychiatric diagnoses.

In general, we found that child psychiatric symptoms can be modeled as a conse-
quence of both general and specific factors, as models including both general psycho-
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pathology factor and specific factors (internalizing, externalizing/attention) simultane-
ously better explain the correlation between symptom scores compared to models of
general or domain specific factors only. This finding was consistent among three cohorts
of the DREAM BIG consortium. Importantly, we demonstrated that these latent factors
have meaningful biological correlates and predictive validity. The general psychopa-
thology was associated with single nucleotide polymorphisms (which explained 36% of
its variance) and with less concurrent white matter integrity. General psychopathology
had also predictive power, as children with higher levels of general psychopathology in
childhood had a higher risk of depression in adulthood, lower well-being, more problem
drinking and lower grades on high school completion exams.

At the beginning of this PhD project the bifactor models of psychopathology had
been already tested in several cohorts, with the consistent result that the bifactor mod-
el has better fit than traditional models of psychopathology with correlated domain
specific latent variables.?® In other words, adding a general psychopathology factor to
a traditional internalizing/externalizing model, better explained co-occurrence of psy-
chiatric symptoms than only accounting for the shared variance of internalizing and ex-
ternalizing factors by a correlation. However, several concerns questioned the validity
of these studies. One concern was that shared method variance inflated fit statistics.
Early papers, e.g.l?4, fitted bifactor models to observations by a single informant. It
is therefore likely that consistent ratings across all symptoms was not only due to real
co-occurrence of symptoms, but also tendencies of the informant to rate higher or low-
er regardless of domain. Second, Bonifay & Cai® argue that bifactor models tend to
have a bias towards better fit statistics. Fit indices do not appropriately account for the
increase in functional complexity, the increased flexibility of bifactor models to fit any
data independent of the number of parameters. Third, some researchers propose that
bifactor models actually reflect network models.® In network models different symp-
toms can influence each other and do not necessarily originate from common factors.

In regards to the first concern about shared method variance, the risks should be re-
duced in this thesis, because all general psychopathology factors models were based on
multiple informants and assessment time points (see methodological considerations for
more further discussion). This protects against shared method variance in several ways.
By having repeated measurements, in some cases with different instruments, acute sit-
uational biases affecting all symptom rating are averaged out, under the assumption
that there is no systematic bias across time. An example would be a parent who is upset
and frustrated about the child on the day of the assessment. This could lead to the par-
ent rating all items indiscriminately higher without paying much attention to the specific
questions asked. Ratings from multiple informants can also reduce the effect of time
invariant biases, such as an overly concerned parent always rating any symptom high-
er independent of the behavior of the child. Higher ratings across multiple symptoms
would only be taken into account if they are consistent among multiple informants.
While our multi-informant approach is arguably an improvement over single-informant
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designs, it also has some limitations. On the one hand, it does not protect against biases
inherent to any informant, such as being more sensitive to noticing any kind of symptom
if a specific symptom has previously occurred. On the other hand, the multi-informant
approach may also be too stringent and adjust for unique insights each informant has,
as only consistent rating are taken into account.

As for the second point, that conventional fit criteria are inadequate to account for
bifactor models’ functional complexity: whatever fit criteria is used, the choice of the
best model cannot be judged based on statistical measures of fit alone. It is import-
ant to validate any construct with external variables, preferably with variables which
can be objectively measured. In this thesis, we found that general psychopathology is
associated with common SNPs, as well as with global white matter integrity. The use-
fulness of the general psychopathology model is especially apparent in the latter case,
as white matter integrity did not associate with the traditional psychopathology factors
internalizing, externalizing and attention. Thus one could have come to the erroneous
conclusion that global white matter is not associated with psychopathology when an-
alyzing psychopathology domains separately, while using a general psychopathology
factor model the conclusion is that all these domains are in fact indirectly associated
through general effects on general psychopathology.

The last concern, that the actual structure of psychopathology is a network and
psychopathology is not the direct result of a general psychopathology factor is harder
to refute. If psychopathology is best represented by network mechanisms, a bifactor
model would still fit well. As an example, it is conceivable that emotional reactivity
makes one more likely to react with aggression to a stressor. However, aggression may
in turn lead to social repercussions, which may affect depressive symptoms, leading yet
again to higher emotional reactivity. A bifactor model may suggest a general psychopa-
thology factor underlying all three symptoms, even though in the example aggression
and depression are not caused independently but result from one preceding symptom.
To distinguish which model, common factor or network, better describes psychiatric
disorders is highly challenging. However, even if psychopathology follows a network
structure, bifactor models may still be highly useful, if a simplification. The relationship
between latent variable models should perhaps be not understood as necessarily direct
and independent, but perhaps should be interpreted more flexibly, as there might be
mediation and feedback mechanisms between the items. While for a complete picture
network modeling may be necessary, the demands for data with high temporal res-
olution and complexities in analysis, may make latent factor models a more practical
choice for many study designs. For instance, latent variable models are well suited for
genetic studies, as feedback on genetic variants from psychopathology is impossible.
Furthermore, not all research question necessarily require insights whether an expo-
sure impacts symptoms directly or via other symptoms.

In chapter Ill.3, we found that single nucleotide polymorphisms explained 36% of
the general psychopathology factor variance (SNP heritability). To identify the specific
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loci involved, we performed a genome-wide association study of a total psychiatric sum
score, as a proxy of a general psychopathology factor (chapter 111.4). We did not identify
any specific SNPs associations in the genome-wide association study of total psychiatric
problems. This does not necessarily contradict the hypothesis that SNPs are associated
with general psychopathology, as the SNP hertability was 8.4%, but it does demon-
strate that even sample sizes of almost 30,000 participants are not sufficient to detect
SNP specific effects. Using gene-based tests, we did, however, identify the myotonic
dystrophy (DM1) gene cluster as associated with total child psychiatric problems. While
this locus is known for a rare mutation leading to a correspondingly rare neuromuscular
disorder, common variants in this variant appear to have consequences. While com-
mon complex genetic traits and rare genetic disorders are often viewed as separates
research lines, this example highlights, that both fields can potentially inform each oth-
er. Genetic correlation analyses confirmed that common psychiatric disorders co-occur
in part due to shared genetic effects. Curiously, that less common psychiatric disorders
such as schizophrenia or bipolar disorder co-occur due to shared genetic risk with com-
mon disorders was not confirmed. As these disorders are very rare in childhood, they
were not represented well in any of the general psychopathology factor models. How-
ever, other studies in adulthood did include psychotic and manic symptoms,? and found
that disorders, such as schizophrenia load on general psychopathology as well. It there-
fore appears on first glance that the genetic correlations do not follow the phenotypic
co-occurrence. In other words, an individual with e.g. depression is more likely to also
suffer from schizophrenia at some point in their life compared to an individual with no
psychopathology. On the other hand, genetic risk for common child psychiatric symp-
toms appears to not predict a higher chance for psychotic symptoms. Thus, the co-oc-
currence of common and less common symptoms such as depression and schizophrenia
must be due to a common environmental cause. However, a perhaps more likely expla-
nation for the discrepancy is that a total psychiatric sum score in childhood is not the
best measure of truly general psychopathology and needs to include measurements
of thought disorder symptoms at later ages. This observation makes the high genetic
correlations with other traits, such as smoking behavior, body fat and intelligence even
more remarkable, as they were not included in the computation of the total psychiatric
sum score. This implies, that a genetic risk for total child psychiatric problems is also a
risk for many other medical problems, as the genetic risk for child psychopathology ap-
pears to also affect health related behaviors, such as smoking or overeating, which then
could result in poorer mental and physical health.

Chapter IV

Next to new insightsinto general psychopathology, we investigated the epigenetics of
ADHD examining methylation profiles at birth and school age using an epigenome-wide
association study. We identified 9 genome-wide significant probes, which were differ-
entially methylated at birth but not at school-age. Two of the probes lie in the genes
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ERC2 and CREBS5. Both are expressed in the brain and related to neural functioning or
development. ERC2 regulates neurotransmitter release and CREB5 has important neur-
ite growth functions. In addition, CREB5 has been previously associated with ADHD. Due
to the role in neural functioning, both probes are interesting candidates for etiologically
relevant epigenetic regulations of ADHD symptoms. The association of these probes
did not persist into school-age, in fact, no probe reached genome-wide significance at
school-age. As discussed in Chapter IV, the overall signal of school-age methylation was
lower than birth methylation, despite similar sample size. This observation was report-
ed before for ADHD,” thus it seems to be a robust finding for this disorder. However, it
is much less clear whether cord blood methylation has also a stronger signal for other
symptoms. ADHD is a neurodevelopmental disorder with onset in early childhood. It
may therefore be, that ADHD symptoms are more sensitive to early prenatal exposures,
which are reflected by cord blood methylation or directly caused by perinatal DNA
methylation profiles, than other symptoms. However, while other disorders, such as
depression or thought disorders commonly have their incidence in adolescence or later,
this does not exclude them from being influenced by early exposures. It could be that
methylation profiles at birth are more important than at other timepoints for psycho-
pathology in general. If this were the case, what are the consequences for the design of
epigenetic studies and the choice of assessment periods?

On the one hand, cord blood methylation appears to have a better price to cost ra-
tio, as under the above assumptions we can expect to find more differentially methylat-
ed regions given the same number of arrays. On the other hand, one of the promises of
DNA methylation research is that changes in methylation could illuminate the biological
pathways linking postnatal environment to psychopathology. This latter issue can only
be addressed by repeated measurements throughout the lifespan. As DNA methylation
arrays remain more costly than genetic arrays, it may for now be worthwhile to con-
centrate on birth methylations. Yet the case could be made that investigating biological
mediation of environmental risks is of particular importance, and that this challenge
should be taken up even if the bar is higher.

Chapter V

In chapter V.1 we investigated, whether polygenic scores of hair color could predict
cortisol levels in hair to assess whether hair color may bias cortisol measurement using
hair samples. Indeed, we observed that darker hair is associated with higher cortisol lev-
els independent of genetic ancestry. In chapter V.2 we investigated the SNP heritability
of acute saliva and cortisol measures. Neither morning levels nor total day output were
related to common single nucleotide polymorphisms.

It was surprising how difficult it is to study the genetics of cortisol. Psychiatry and
psychology are often criticized as being a highly subjective field with questionable un-
verifiable constructs. Within the field the notion exists that objectively measured en-
dophenotypes can facilitate genetic research, as endophenotypes are “closer” to ge-
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netics and thus lead to more scientific successes.® However, in our studies and others,
subjective measures of psychopathology in most cases show consistently higher SNP
heritability than 6%, i.e. the SNP heritability of acute plasma cortisol levels. Plasma cor-
tisol were objectively measured and considered biological, yet the heritability ranged
from 0 to 6% depending on the sample and method.

Perhaps more stable measures of cortisol, which are not as responsive to acute sit-
uational contexts, are needed to improve the so far somewhat inconsistent study of
cortisol genetics. Hair cortisol samples are an interesting candidate for long-term pro-
files. However, as shown in chapter V.1, cortisol measurements in hair are biased by the
darkness of hair color. This makes genome-wide analyses difficult, as researchers have
to exclude SNPs in linkage disequilibrium with hair color coding genes. In addition, hair
samples may not represent months-long exposures as is often claimed, but may be bi-
ased by acute events.® Finally, it is not a given that basal levels of cortisol are relevant for
child psychiatry. In unpublished analyses, we associated hair cortisol with general and
specific psychopathology factors in a structural equation model, similar to the white
matter integrity models. In these analyses we were not able to detect any associations
between hair cortisol and child psychopathology. Perhaps cortisol reactivity to stress is
more relevant to psychopathology than basal levels, with several studies finding asso-
ciations between cortisol reactivity to stressors and concurrent or later psychopathol-
ogy.1o1

Methodological considerations

Method factors in multi-informant/method models

The use of multiple informants, methods and assessment timepoints is important
to account for shared method bias and to increase precision. Shared method bias oc-
curs when predictor and outcome are measured with the same method, in the case of
questionnaire data with the same questionnaire or the same informant. This poses the
danger that a bias inherent to the same questionnaire/informant is present for both the
predictor and outcome, creating spurious associations, which are actually just an indi-
cation of shared bias. An example would be the association of child and parent psycho-
pathology using parental ratings for both.*? This problem can also affect latent factor
models, as they are fitted to the covariance of two variables, which may be inflated due
to shared variance biases.

However, while the theoretical advantages of using multiple informants are quite
clear, the actual implementation is much less so. A simple approach is to take the av-
erage of two or more informants, however, this ignores the possibility that some items
or scales are affected more by bias than others, possible resulting in overadjustment
for some items and underadjustment for others. Another possibility is the use of latent
factors, as used in this dissertation with two variations. In chapter I1l.2 we introduce
latent informant factors, which load on an all items rated by the same informant. In
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chapter 111.3 and IIl.5 however, we use context factors which load on items stemming
from a single rating context, i.e. from the same informant, timepoint and same instru-
ment. These method factors explain a substantial symptom variance with either ap-
proach, typically even more than the actual psychopathology factors. For example, in
the white matter integrity model, maternal ratings at age 6 had loadings between 0.39
and 0.59 on the general psychopathology factor. The loadings on the rating context fac-
tor were between 0.32 and 0.69. Interestingly, in both cases the subscale summarizing
“other” items had the highest loading, suggesting that ratings on this scale are at the
same time representative of general psychopathology factor but also context bias. The
comparable loading between psychopathology and method factors highlights the pres-
ence of a large disagreement between raters, timepoints and instruments. It should be
noted that this disagreement does not necessarily reflect the unreliability of the rater,
as different raters may have different unique insights or some ages and instruments
may be better suited to assess psychopathology. Therefore great care must be taken in
how rating biases are corrected, as different method factors can have large impacts on
the model. The models in chapter 11l.2 and I1l.3 can be easily compared as they mostly
differ in how the method factors are defined. Defining the method factors on the in-
formant level caused a bigger suppression of loadings on the psychopathology factors
than defining the method factors on more narrower rating contexts (ratings from one
informant with one instrument at one time-point). The first approach has a more strict
control for informant effects, as these are expected to persist between instruments
and time points. However, because most items in the age 6-8 years models used in I1l.2
and IIl.3 are based on mother report, there was a risk that the mother factor forms a
competing general psychopathology factor instead of just covering biases. It would thus
strengthen this multi-informant approach, if the number of items from the different in-
formants were more balanced. This can be difficult though, as not all informant can rate
all items. Alternatively, it may be also possible to designate the mother report as refer-
ence method, as proposed in CT-C(M-1) methods*?, and leave out the method factor for
maternally rated items. All other method factors would then estimate the disagreement
with the mother ratings. However, while there is an argument to be made that mothers
spend most time with the children in many families and thus may have the best insight,
mother ratings suffer from biases as well and therefore require correction.
Interestingly, the choice of method factor approach had great impact on the covari-
ance between the specific factors. Using informant factors, the covariance is negligible,
but with context factors the correlation is substantial. It is unclear to me where this dif-
ference stems from. One possibility is that by comprising all items from one rater across
multiple instruments and time points, the method factor become a competing general
psychopathology factor, reflecting the unique insight of an informant. Additionally, it
may be that informant based method factors reflect the informant’s general psycho-
pathology, which in case of parental rating is related to the child’s general psychopa-
thology. Both situations imply that the specific psychopathology factors potentially are
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more strictly defined in this case than if the method factors are based on single rating
contexts.

In the future, it would be advantageous to have separate method factors for infor-
mants, instrument and timepoint. However, such a model with effectively four levels is
likely too complex and more prone to overfitting and convergence problems. However,
with a large enough sample size and with an exhaustive study design which covers all
combinations of rater, instrument and time-point this may be possible. Such a design
would be beneficial even with simpler method adjustments. It may be also interesting
to relate the method factors to biological correlates to examine to which degree they
may contain substantive psychopathology information, which is not simply bias. For
example, one could explore whether parental genetic risk for psychopathology explains
the parents’ method factors and whether the genetic risk was transmitted to the chil-
dren.

Effect sizes in epidemiology

This dissertation presents many statistically significant results, but generally low ef-
fect sizes. For instance, the top CpG site associated with ADHD explained 0.25% of the
variance in the Generation R Study, global white matter explains about 0.49% of the
general psychopathology variance, and maternal age at most 0.66% of externalizing
behavior. At first glance, one could therefore conclude that this thesis largely identified
correlates of psychopathology with little relevance and these factors are not worth con-
sidering further in the quest to explain the development of child psychopathology. The
notion, that the medical field should disregard results which are statistically significant
but have low effect sizes makes sense in the context of randomized controlled trials
testing intervention. If a medical doctor needs to decide which treatment to prescribe,
it is important to choose one which provides a meaningful change to the patient. Oth-
erwise, the costs and risk associated with any intervention may outweigh the benefits.
However, in the case of epidemiological research, where the focus is on etiology, it
is much less clear what constitutes the threshold for relevance. There are no risks to
weigh against and no decision of one treatment against another: many different risk
factors could and probably do act jointly to cause psychiatric symptoms. This phenom-
enon can be demonstrated and is well accepted in psychiatric genetics. The top SNP
in the GWAS of total psychiatric symptoms alone only explains 0.09% of the variance.
However, the overall SNP heritability is estimated at 8.4%. This is comparable to other
GWASs of continuous traits, such as depression (top SNP explained 0.03% with a SNP
heritability of 4.7%) or neuroticism (top SNP explained 0.04% with a SNP heritability of
9.1%).2* Thus while, the effects of single SNPs appear small, the effects add up to mean-
ingful proportions.

Could the same logic be applied to non-genetic data? On the one hand, genetic
variables, such as variation in SNPs, do not suffer from reverse causality biases, and
confounding biases are assumed to be more limited. However, there are three notable
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exceptions: population stratification, gene-environment correlations and collider bias.
Population stratification occurs, when environmental influences on a phenotype differ
between participants of different ancestries. Those genetic variants which differ in fre-
quency between ancestries then are a marker for environmental differences and are
thus only spuriously associated with the phenotype. Several methods are applied to
adjust for population stratification, including stratified analysis, principal component
adjustment or linear mixed models. Population stratification can be seen as a specific
example of gene-environment correlation, though many other examples can be thought
of. For instance, as parents and child share genotype, a child’s genotype may also be a
marker for the parenting abilities of their parents, and thus a marker for an environ-
mental influence.®® Finally, collider bias can occur, if selections are occuring depending
on both the phenotype levels and genotype. This could e.g. occur for those participants
who have both the highest genetic risk for psychopathology and higher levels of psycho-
pathology, as they are more likely to not participate as individuals only having genetic
risk or actual high levels, potentially because they have the highest burden of adverse
conditions.*®

Non-genetic variables come with an even higher risk of confounding in epidemio-
logical studies and often contain the effects of multiple factors. Also, reverse causality is
often a challenge, which can be ruled out in genetic studies. These issues are controlled
for in experimental studies, so these could provide some orientation with regard to
what effect sizes to expect. Previous reviews of experimental psychology studies found
that the average correlation is 0.21 (SD = 0.15) between experimental condition and
psychological outcome, which is equivalent to an explained variance 4.41%. When inter-
preting these effect sizes, one should keep in mind that experimental studies test acute
effects with experimental conditions chosen strong enough (and as a consequence
arguably become unrealistic and non-generalizable) to ellicit meaningful changes. This
is in contrast to observational studies in general populations, where the determinants
have naturally occurring distributions and outcomes are often the effects of long-term
exposures. In addition, in order to control for confounding variables, determinants are
adjusted for potential confounders. In the process, only the independent effects re-
main, but some of the effects shared with the confounder may represent true effects,
which are lost. Thus, the more adjusted an analysis in an observational study is, the low-
er the expected effect size. This is a problem that experimental studies do not face. All
in all, we therefore expect lower effect sizes in observational studies than in experimen-
tal studies. Given that experimental studies in psychology typically tend to have low
effect sizes, it would be probably unlikely that we would find single causes of psychiatric
symptoms explaining the majority of cases. It follows that it is necessary for non-genetic
studies to identify as many determinants as possible, regardless of their effect size, and
investigate their joint effect. For example, in the global white matter model of gener-
al psychopathology adjusted for maternal psychopathology, the most independently
associated variable was maternal interpersonal sensitivity, explaining 3.6% of the gen-
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eral psychopathology factor score variance. However, the whole model explains 28.4%
(10-fold cross-validated R2, with 100 repetitions), illustrating that the aggregation of
relatively few variables (19) can explain a quarter of general psychopathology. Finally,
intervention strategies based on epidemiological insights may be optimized to achieve
larger effect sizes compared to the naturally occurring exposure. In conclusion, research
should expect that properly confounding controlled variables will have small effect sizes
in epidemiological studies. However, these should not be ignored, but jointly analyzed
for further insights into the etiology of psychiatric disorders.

Measurement and relational invariance of the general psychopathology fac-
tor

An important question for any study is to which populations research findings are
generalizable. For instance, many of the featured studies use samples with either par-
ticipants of only one genetic ancestry (e.g. European ancestry) or from only one geo-
graphical location (e.g. Rotterdam). Certainly, the most convenient scenario is when
findings would be applicable to any population and are generally the same no matter of
group belonging. For instance, if we could demonstrate that general psychopathology
factors can be modeled the same way no matter the ancestry of participants or their
socioeconomic status, then one could argue with more confidence that the findings
would apply to other parts of the world, with different ethnic compositions or financial
wealth. However, generalizability can be wanting in at least two ways in psychiatric ep-
idemiology. First, different groups may express the same levels of psychopathology dif-
ferently (lack of measurement invariance). It is conceivable, that the concept of general
psychopathology applies to both girls and boys, but that its expression may be different.
For example, boys compared to girls with the same amount of general psychopathology
may show more aggressiveness (higher loadings of aggressiveness on general psycho-
pathology) or show more aggression independent of the levels of any psychopathology
factor (higher intercept of aggression). If this is the case it would be invalid to associate
the general psychopathology factor across genders with any determinant or outcome,
as the individual’s psychopathology factors would represent different symptom sets
depending on gender. In this dissertation we tested the measurement invariance of
general psychopathology factors across sex, ancestry and socioeconomic status. We
found that across all these groups (as defined, for example, by sex) the psychopathology
factors were invariant with respect to intercepts and loadings (strong invariance), but
not with regard to the residuals. Since strong invariance is a sufficient condition to asso-
ciate the factors with other variables across groups, we did not discuss this issue further
initially, however, | find it worthwhile diving into this matter here.

Strong invariance implies, that the basic structure of psychopathology holds across
groups, and that the predicted symptom scores are the same for children with the same
levels of the psychopathology factors. However, for sex and ancestry, the residual vari-
ance was not equal, which means that the factors explain different amounts of variance
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depending on the sex or ancestry. Specifically, particularly externalizing and attention
symptom scores are better explained in girls than boys and almost all psychiatric symp-
tom scores have a higher variance explained in children with non-European ancestry.
This in turns implies that the correlates presented in this thesis differ in the proportion
of explained variance depending on the specific symptoms, the sex of the child and
their ancestry. With regard to sex, a possible interpretation is that in boys externaliz-
ing symptoms are more specific, e.g. boys are more likely to show aggression without
other accompanying problems, even other externalizing symptoms. This interpretation
may also hold in case of observer biases, i.e. if boys do not have higher symptoms but
were nevertheless rated higher, because symptoms were easier to recognize than in
girls. Another possibility is, that there is another latent psychopathology factor pres-
ent only in boys, though it is hard to imagine what this factor would be. In the case of
ancestry, the explained variance for most subscales was higher in children with non-Eu-
ropean ancestry. How could it be that children with European ancestry have higher
proportions of variance unexplained by the tested psychopathology factors? Again, it
is difficult to speculate how the missing explained proportion came about. Since the
majority of the psychiatric assessments are based on parental and self report, cultural
differences might play a role. Specifically, individual symptoms in children of European
(mostly Dutch) ancestry could be rated higher independent of other symptoms. Rather
than cultural differences per se, minority status may also play a role. Perhaps children
facing more challenges due to being a minority are more likely to suffer from broader
psychopathology symptoms rather than single symptoms, and thus the general psycho-
pathology factor models fit better. Socioeconomic status as defined by maternal edu-
cation does not appear to explain this discrepancy. Children with mothers from higher
and lower educational background did not differ in any model parameters, including
the residual error. Thus, the general psychopathology factor model is strictly invariant
with respect to maternal education. Finally, the higher explained variance may be the
result of higher variance in ratings of children with non-European background. It may
be easier for the model to explain the co-occurrence of symptoms if there is a greater
diversity in scores of children with and without psychiatric problems.

In summary, while it appears that the general and specific psychopathology factors
show strong invariance across many of the tested groups, the models introduced in this
thesis differ in their explanatory power. Further research is therefore needed to explore
why the residual variance differs and how this could be remedied.

Clinical Implications

When drafting the chapters and presenting the results, a frequent question raised
by reviewers and co-authors concerned the possible clinical implications of the findings.
Indeed, at first glance the latent factors general psychopathology and the specific psy-
chopathology factors are not observable, but abstract concepts. How would a clinician
assess a patient’s general or specific psychopathology levels? In the case of general

308 | Chapter VI



psychopathology, a good approximation would be the sum of any symptoms. However,
in the case of specific psychopathology, it is more challenging to define a clinical picture.
A child displaying specific psychopathology has a set of symptoms from one domain
independent of their general level of psychopathology. However, independence here
does not mean that both cannot co-occur. It is likely that a specific symptom occurs as
the result of general and specific effects. Thus from a clinical assessment perspective,
the proposed bifactor models are not directly applicable. However, these models do
give valuable insights into the etiology of psychopathology and thus clues to the best
prevention and treatment strategies, and may aid prediction of later psychiatric disor-
ders. For instance, in our and other studies neuroticism or negative affect reactivity was
consistently and strongly related to general psychopathology. Neuroticism is a person-
ality trait and may be difficult to change, however, if one were to successfully change
this trait, the predicted effects would be immensely helpful, as they should affect a
broad spectrum of psychiatric symptoms. Alternatively, environmental stressors affect-
ing mood would have to be elliminated as much as possible to reduce the effects of high
neuroticism. On a biological level, the genome-wide and epigenome-wide association
studies suggest targeting DMWD, ERC2 or CREB5 expression or its gene products, how-
ever, experimental research is needed to first confirm the causal role of these genes.
Next to providing leads for intervention, biological studies of general psychopathology
may be useful prediction. The combination of genetic scores, based on both general
and specific psychiatric GWASs, polygenic scores taking into account gene-environment
interactions, as well as polyepigenetic scores based on DNA methylation should provide
meaningful predictions of psychiatric risk. The predictive power certainly will improve
with increasing sample sizes of epigenetic studies.

Future research and the need for higher sample sizes

In the previous chapters specific recommendations for future research have been
already discussed. Thus here | only present general observations. Increasing sample size
in research of child psychiatric disorders is an important, yet challenging aspect. The
need for an increase in sample size is obvious in situations where there is not enough
power to detect an effect in the first place. For example, we identified three genes
in the genome-wide association study of a total child psychiatric sum score, but like-
ly many more genes are important in regulating symptoms. Likely variation at more
specfic DNA methylation sites were associated with ADHD, also at school-age. While
at school age no methylation levels were genome-wide significant for any CpG site, the
regression coefficients did show some correlation with regression coefficients at birth
in independent samples. It is therefore likely that DNA methylation at school-age is also
associated with ADHD, but we do not yet have the power to detect these effectys. One
may argue, that any SNP or probe with meaningful effects would have already been
detected with current sample sizes and that an increase would only reveal unimportant
loci. However, as discussed earlier, even very small effects seem to add up to substantial
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magnitudes, thus detecting more variants and having more precise estimates of their
association is of great importance.

An increase in sample size may also be important to evaluate associations for which
there is enough power, but where the magnitude of the association is uncertain, such
as for SNP heritability estimates presented in this study. For instance, while we can
rule out large contributions of genetics towards cortisol, some genetic contribution is
expected, but it is difficult to determine the precise magnitude. This is especially true
for the repeated cortisol measures, for which we only had a low sample size available.

Finally, a higher sample size would allow for more sophisticated, detailed and better
adjusted analysis. Even for those studies, where we had enough power to answer the
main research question and have relatively precise estimates, several follow up analy-
ses were not possible. A good example is the study on white matter. While we detected
an association between white matter integrity and general psychopathology, there also
appeared to be an interaction with sex. The effect appeared to be stronger in boys, but
the difference was not statistically significant. It would be interesting to follow up in a
larger study or meta-analysis, whether the observed sex difference was just chance or
a robust effect. Also a longitudinal design examining changes in general psychopathol-
ogy and white matter integrity throughout childhood would be highly interesting to
determine the directionality of effect. However, such analyses may be difficult given
the complexity of the bifactor model and the need to partition symptom variance into
general, specific and method proportions. Convergence can become easily a problem
at lower sample sizes and if there are not enough items. These problems, however, can
be avoided by combining several assessment waves as done here, but for longitudi-
nal modeling, general psychopathology measures per assesment waves are necessary,
which require very large sample sizes. Furthermore, it would be also interesting to joint-
ly analyze genetics and DNA methylation. This could help separate environmental from
genetic mediation effects. In addition, interaction between the genome and methylome
could be accounted for. But again, such conditional and interaction analyses need larger
sample sizes than what is typically available now.

Finally, as hopefully demonstrated in this thesis, it is advantageous to analyze sev-
eral phenotypes simultaneously to be able to differentiate general from specific effects
and to increase precision. However, the more measures one attempts to analyze, the
higher the chance that at least some data is missing. While missing data techniques
can to some extent remedy this problem, higher sample sizes than in single phenotype
analyses are still beneficial to account for the missingness.

Summary

In this thesis we investigated general psychopathology factors in school-aged chil-
dren in relation to various biological correlates. We consistently observed across dif-
ferent cohorts, that a substantial proportion of variation in psychiatric symptoms can
be attributed to general psychopathology effects. This observation is unlikely to be at-
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tributable to informant or other rating context biases. The general psychopathology
factor appears to be partly heritable, with single nucleotide polymorphisms playing a
central role. One locus was identified to be associated with general psychopathology,
the myotonic dystrophy cluster. Overall those genes, that are expressed in the brain,
particularly in the limbic regions, appear especially important in the genetics of general
psychopathology. On a neural level, more white matter across the brain is associated
with lower levels of general psychopathology. At the same time, more white matter
across the brain is associated with more levels of specific externalizing levels. Addition-
ally, we observed that DNA methylation at birth is associated with ADHD symptoms in
school-age and that higher maternal and paternal age is associated with less externaliz-
ing problems. Finally, we observed low SNP heritability of acute cortisol levels, but also
highlight that hair cortisol levels may be biased by hair pigmentation.
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