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IMPORTANCE About 20% to 30% of people with schizophrenia have psychotic symptoms
that do not respond adequately to first-line antipsychotic treatment. This clinical
presentation, chronic and highly disabling, is known as treatment-resistant schizophrenia
(TRS). The causes of treatment resistance and their relationships with causes underlying
schizophrenia are largely unknown. Adequately powered genetic studies of TRS are scarce
because of the difficulty in collecting data from well-characterized TRS cohorts.

OBJECTIVE To examine the genetic architecture of TRS through the reassessment of genetic
data from schizophrenia studies and its validation in carefully ascertained clinical samples.

DESIGN, SETTING, AND PARTICIPANTS Two case-control genome-wide association studies
(GWASs) of schizophrenia were performed in which the case samples were defined as
individuals with TRS (n = 10 501) and individuals with non-TRS (n = 20 325). The differences
in effect sizes for allelic associations were then determined between both studies, the
reasoning being such differences reflect treatment resistance instead of schizophrenia.
Genotype data were retrieved from the CLOZUK and Psychiatric Genomics Consortium
(PGC) schizophrenia studies. The output was validated using polygenic risk score (PRS)
profiling of 2 independent schizophrenia cohorts with TRS and non-TRS: a prevalence sample
with 817 individuals (Cardiff Cognition in Schizophrenia [CardiffCOGS]) and an incidence
sample with 563 individuals (Genetics Workstream of the Schizophrenia Treatment
Resistance and Therapeutic Advances [STRATA-G]).

MAIN OUTCOMES AND MEASURES GWAS of treatment resistance in schizophrenia. The results
of the GWAS were compared with complex polygenic traits through a genetic correlation
approach and were used for PRS analysis on the independent validation cohorts using the
same TRS definition.

RESULTS The study included a total of 85 490 participants (48 635 [56.9%] male) in its

GWAS stage and 1380 participants (859 [62.2%] male) in its PRS validation stage. Treatment
resistance in schizophrenia emerged as a polygenic trait with detectable heritability (1% to 4%).
and several traits related to intelligence and cognition were found to be genetically correlated
with it (genetic correlation, 0.41-0.69). PRS analysis in the CardiffCOGS prevalence sample
showed a positive association between TRS and a history of taking clozapine (r* = 2.03%:

P = .001), which was replicated in the STRATA-G incidence sample (r* = 1.09%; P = .04).

CONCLUSIONS AND RELEVANCE In this GWAS, common genetic variants were differentially
associated with TRS, and these associations may have been obscured through the
amalgamation of large GWAS samples in previous studies of broadly defined schizophrenia.
Findings of this study suggest the validity of meta-analytic approaches for studies on patient
outcomes, including treatment resistance.
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Contribution of Common Genetic Variants to Treatment Resistance in Schizophrenia

recision psychiatry provides a potential pathway to
improve psychiatric classification and develop treat-
ments that are better tailored to specific patients. Ma-
joradvancesin determining the role of genetic variation in the
risk of developing psychiatric disorders are helping realize this
potential,! but the relevance of these findings to patient out-
comes and response to treatment is unclear. Evidence from
nonpsychiatric disorders points to distinct genetic bases for dis-
order susceptibility and prognosis,?* although few suffi-
ciently powered psychiatric genetic studies have been con-
ducted investigating disorder progression or outcome.* Such
study designs could offer valuable insights as to the feasibil-
ity of precision psychiatry approaches and their potential im-
pact for patients who have poor outcomes because of the lack
of effectiveness of current treatments.>
Some of the most disadvantaged individuals in this re-
spect are those with a diagnosis of schizophrenia whose symp-
toms do not respond adequately to conventional antipsy-
chotic medication.®® This clinical picture is known as
treatment-resistant schizophrenia (TRS), which affects ap-
proximately 20% to 30% of people with this disorder. The only
licensed treatment for TRS is clozapine, which is effective in
approximately 60% of cases® and improves most indicators of
morbidity and mortality.!®!! While the mechanism of action
of clozapine is still not fully understood,? it has been pro-
posed that its efficacy might be related to the biological un-
derpinnings of treatment resistance, suggesting a distinct neu-
robiological etiology to that of non-TRS.!* Additionally, several
studies have shown that delay in clozapine prescription is as-
sociated with resistance even to clozapine.'*!* This makes early
identification of TRS critical and the ascertainment of corre-
lates of TRS a priority for the field of schizophrenia research.
To date, there is considerable heterogeneity in the find-
ings of genetic studies related to TRS. A family history of schizo-
phrenia is likely associated with developing TRS,® but a re-
cent systematicreview did not find any individual genes robustly
and specifically associated with this condition.'” Researchers
have also investigated the long-standing hypothesis that TRS
isamore severe form of schizophrenia resulting from a large bur-
den of schizophrenia risk alleles.'® While 2 studies reported that
aggregating risk variants into a polygenic risk score (PRS) re-
vealed small differences between TRS and non-TRS samples,!®-2°
other analyses did not replicate this result.’®-2"2* However, be-
cause each study used slightly different recruitment criteria and
definitions of TRS, heterogeneity in the results is expected,?*
making their collective interpretation difficult. This limitation
likely reflects the previously discussed problem of individuals
with treatment-resistant psychiatric symptoms being dispro-
portionately underrepresented in research studies owing to poor
health, limited capacity to consent, and other causes of attri-
tion, including therapeutic pessimism,?> which have pre-
cluded the execution of well-powered genome-wide associa-
tion studies (GWASs).2®
In this study, we aim to characterize the contribution of com-
mon genetic variants to treatment resistance in schizophrenia
by exploiting data generated by large consortium-based GWASs
of schizophrenia,?”-?® in which individuals with TRS can be for-
mally defined. Our main hypotheses are that schizophrenia risk
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Key Points

Question Can common genetic variants be used to differentiate
between treatment-resistant schizophrenia (TRS) and other forms
of this disorder?

Findings Data from this genome-wide association study including
85490 participants were used to estimate genome-wide
single-nucleotide variation effect size differences between
individuals with and without TRS, which were compatible with

a polygenic model of treatment resistance. Results were used to
generate a polygenic risk score, which was significantly associated
with TRS status in independent incidence and prevalence samples.

Meaning Findings of this study based on common genetic
variants indicate that TRS is heritable with a modest but significant
single-nucleotide variation-based heritability.

alleles will show different genetic associations in the analysis
of individuals with and without TRS and that these differ-
ences reflect the underlying genetics of treatment resistance.
When assessed at a genome-wide level, such differences could
reveal commonalities with other complex traits or be vali-
dated in clinical cohorts using the PRS approach,?® helping us
to better understand the biological and epidemiological char-
acteristics of treatment resistance in schizophrenia.”

Methods

For our main analysis, we used samples from large genomic
studies of schizophrenia.?”-2® Some of the largest cohorts in
these research initiatives were recruited based on clozapine
prescription (a proxy of TRS status), and forming a case-case
data set from them would require avoiding confounding fac-
tors, such as GWAS batch effects®° or population stratification,
which are difficult to control in a multiple-cohort design.>? As
a safeguard against these, we have used a meta-analytic pro-
cedure to assess the differences between GWAS in which in-
dividuals with TRS and non-TRS have been compared with
matched sets of healthy controls, before comparing the al-
lelic association effect sizes of these 2 GWASs on a genome-
wide basis to create a GWAS specific to treatment resistance.

Genetic Samples and Analysis
We used the CLOZUK1 and CLOZUK2 cohorts as our primary
source of individuals with treatment-resistant symptoms, with
a total sample size of 10 501 individuals with TRS and 24 542
controls. These cohorts have been described in previous
studies.?®>2 All the individuals with TRS in these samples were
prescribed clozapine in the UK after failure of at least 2 trials
of antipsychotics, following National Institute for Health
and Care Excellence guidelines for TRS.34 The use of a history
of taking clozapine as equivalent to a research diagnosis of
TRS has been validated in these samples,?® as well as in inde-
pendent studies.?>-*¢ Control individuals were collected from
public databases or through collaboration with population
sequencing projects in the UK.

To identify individuals with non-TRS, we used 34 stud-
ies included in the meta-analysis by the Schizophrenia
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Working Group of the Psychiatric Genomics Consortium
(PGC),?” with a total sample size of 20 325 individuals with
schizophrenia and 30122 controls. In 14 of these studies,
available clinical records allowed us to identify and remove
all individuals with TRS (eMethods in Supplement 1). The
remaining 20 studies were not screened as comparable data
were not available, and thus, we conservatively included
these samples in the analysis as non-treatment-resistant
cases (eTable 1 in Supplement 1). Healthy control individuals
in this analysis were a mixture of publicly available samples
and clinically ascertained (nonpsychiatric) individuals, and
extensive analyses to discard population outliers and assess
stratification were also carried out.?”

GWASs of individuals with TRS vs controls and individu-
als with non-TRS vs controls were carried out separately using
the logistic regression model implemented in PLINK version
2.37 Further details on the imputation, quality control, and
association testing procedures are described in the eMethods
in Supplement 1.

All studies used in the GWAS were reviewed and ap-
proved by their local ethical committee. Written informed con-
sent (or legal guardian consent and participant assent) was ob-
tained for all study participants except for those in the CLOZUK
cohort, as this study used anonymized blood samples as
approved by the UK Multicenter Research Ethics Committee.

Statistical Analysis

Comparing the TRS and Non-TRS Association Studies

To generate association statistics that reflect TRS vs non-TRS
differences, we used the test for interaction proposed by
Altman and Bland,>® which is analogous to a fixed-effect test
for moderators in the meta-analytic setting.® This test al-
lows us to calculate an estimate of the difference between
2 odds ratios (ORs), which in our case were those of individu-
als with TRS vs controls (OR,) and those with non-TRS vs con-
trols (OR,). The difference, in the scale of the regression 3 co-
efficient, equates to difference = log(OR,) - log(OR,), with
standard error SE(d) = V/(SE[OR,]* + SE[OR,]?). We trans-
formed this effect size into a z score and calculated its associ-
ated P value at each overlapping single-nucleotide variation
(SNV; formerly single-nucleotide polymorphism) between the
TRS and non-TRS GWAS, excluding 146 SNVs with a minor al-
lele frequency difference greater than 20% between both data
sets to mirror preimputation quality control. For consistency,
we also used the same definition of OR, and OR, in all our tests
to preserve directions of effect, and thus, positive z scores
in the interaction analysis reflect stronger SNV associations in
individuals with TRS compared with non-TRS.

Estimating Heritability

SNV-based heritability was estimated from the TRS interaction
summary statistics using LD SCore version 1.01,*° after restrict-
ing to markers present in the HapMap?3 study*! and a precom-
puted linkage disequilibrium reference panel based on the 1000
Genomes phase 3 samples. As point estimates of SNV-based
heritability can differ based on model assumptions, we also es-
timated this quantity via the SumHer framework implemented
in LDAKS5,%2 using a default parameter to define the relationship
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between minor allele frequency and effect size (a = -.25) and
multiplicative inflation correction (genomic control). The LD
reference for LDAK was estimated from the European samples
of the public Haplotype Reference Consortium panel.*

Polygenic Validation

We sought to investigate whether a TRS GWAS PRS was asso-
ciated with treatment resistance status in 2 independent
samples: one from a schizophrenia prevalence cohort (Cardiff
Cognition in Schizophrenia [CardiffCOGS]) and the other from
a first-episode incidence cohort (Genetics Workstream of the
Schizophrenia Treatment Resistance and Therapeutic Ad-
vances [STRATA-G]). The CardiffCOGS prevalence cohort is a
sample of individuals with schizophrenia that included both
individuals with TRS and treatment-responsive schizophre-
nia, defined here again from a history of taking or not taking
clozapine (n = 817; 315 with TRS and 502 with non-TRS). This
is a cross-sectional study with detailed clinical ratings based
on research diagnostic interviews and contemporaneous rec-
ords, as previously described.** We also used a new multi-
ancestry incidence cohort of people with first-episode psycho-
sis, the STRATA-G consortium, in which the participants have
been followed up for at least 1 year after initial presentation to
ascertain diagnosis and treatment response (eMethods in
Supplement 1). As both the first-episode and broad psychosis
nature of this sample likely make it diagnostically heteroge-
neous, we first restricted our analyses to individuals with a
diagnosis of schizophrenia at the last time of follow-up. TRS
was rated as the presence or absence of a history of taking cloza-
pine (n = 562; 71 with TRS and 492 with non-TRS) to best mir-
ror our TRS GWAS and the definition used in the prevalence
cohort. Further details about the recruitment and phenotyp-
ing of the STRATA-G sample as well as details of the genotyp-
ing and imputation procedure for both data sets are given in
the eMethods and eTable 2 in Supplement 1.

The CardiffCOGS study had the relevant UK National Health
Service ethical approval, and studies included in STRATA-G were
reviewed and approved by their local ethical committees. Writ-
ten informed consent was obtained for all participants.

PRS Analysis

Our primary PRS analysis used the TRS interaction GWAS
summary statistics as training set, and the prevalence and
incidence cohorts as testing sets where their treatment-
resistance phenotype was tested for association. We also
investigated the association of PRS and treatment resistance
status based on (1) the CLOZUK TRS vs healthy control GWAS
and (2) the PGC non-TRS GWAS. Polygenic scores were esti-
mated using PRSice-2 version 2.35%> and PRS-CS version June
4,2021,%¢ as detailed in the eMethods in Supplement 1. Within
each pairing of training and testing set, PRS association P val-
ues were corrected for multiple testing using the Benjamini and
Hochberg false discovery rate (FDR) method*” as imple-
mented in the R framework stats package.

Estimating Genetic Correlation and Colocalization
Correlations between treatment resistance and other com-

plex traits were computed using LD-Hub version 1.93,%8 again
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Figure 1. Manhattan Plot of the Treatment-Resistant Schizophrenia (TRS) vs Non-TRS Interaction Genome-Wide Association Study
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based on the LD-Score regression“® framework. We only per-
formed the analysis for GWAS categories that had significant
phenome-wide associations with psychiatric disorders, based
on previous research.*® The categories chosen were educa-
tion, cognitive, personality, psychiatric, and smoking, for a total
of 28 summary statistics. Multiple testing correction of these
results was also carried out using FDR, since most of the sum-
mary statistics tested have overlapping samples and thus yield
partially dependent P values.

For all associations, statistical significance was set at
P < .05. All Pvalues were 2-tailed.

. |
Results

TRS/Non-TRS GWAS

The study included a total of 85490 participants (48 635
[56.9%] male) in its GWAS stage and 1380 participants (859
[62.2%] male) in its PRS validation stage. Discovery GWAS of
individuals with TRS and non-TRS against independent con-
trols showed highly consistent genome-wide significant sig-
nals (eFigure 1in Supplement 1), all reported in previous schizo-
phrenia studies. This consistency extended to most of the
polygenic architecture, as shown by a high genetic correla-
tion estimate between the data sets (r = 0.966; SE, 0.037;
P =1.43 x 107'%7) in which the 95% Cl includes 1. No genome-
wide SNVs were detected by the TRS interaction analysis
(Figure 1), although a slight departure from normality was de-
tected in the genome-wide Q-Q plot (A = 1.062; A;5o0 = 1.002;
LD-Score intercept, 1.032; SE, 0.007; LDAK scaling estimate,
1.017; SE, 0.010; eFigure 2 in Supplement 1). This is compat-
ible with a polygenic signal,®® as the 2 discovery GWASs did
not show evidence of inflation caused by other confounding
factors.?”?8 Indeed, the 2 methods we used to estimate the
common variant contribution to the observed-scale heritabil-
ity of TRS returned small values of similar magnitude (SNV-
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based heritability: LD-Score, 0.013; SE, 0.006; SNV-based heri-
tability: LDAK, 0.040; SE, 0.014).

Polygenic Score-Based Prediction of TRS
in Independent Samples
A PRS generated from the TRS interaction GWAS was positively
associated with treatment resistance in our validation prevalence
cohort (CardiffCOGS), explaining up to 2.03% of the variance on
the liability scale of treatment resistance (P = .001; FDRP = .01;
Figure 2; eTable 3 in Supplement 1). Analyzing the 2 GWASs
used in the interaction analysis, we found that a PRS based on
CLOZUK GWAS results (TRS vs healthy controls) also explained
a significant proportion of the variance in the TRS phenotype
(maximum1? = 1.63%; P = .004; FDR P = .03), very similar to that
obtained by testing the larger PGC non-TRS sample (maximum
2 = 1.21%; P = .01; FDR P = .10). However, the effect sizes of these
PRSs were generally in opposite directions (Figure 2; eTable 3
in Supplement 1); ie, those taking clozapine in CardiffCOGS had
higher PRS derived from the TRS GWAS (OR, 1.22; 95% CI, 1.05-
1.41) but alower PRS from the non-TRS GWAS (OR, 0.83; 95% CI,
0.72-0.96). Focusing on the polygenic prediction via Bayesian
regression and continuous shrinkage priors estimates, which do
not require LD clumping or P value thresholding,>! we also ob-
served a significant and positive difference between the effect
sizes of the TRS interaction and CLOZUK PRS, while the PGC PRS
had anull effect (Figure 2). This pattern of results in an indepen-
dent case-case comparison is consistent with our interaction
analysis detecting a true polygenic signal for treatment resis-
tance, with a greater burden of risk alleles from both this and the
CLOZUK TRS GWAS associating with a history of clozapine pre-
scription. Alternatively, the PRS derived from non-TRS samples
isnot as clearly associated with treatment resistance, and some
results of these analyses are even compatible with its enrichment
in individuals with non-TRS.

Generation of PRS and their analysis within the first-
episode incidence sample (STRATA-G) showed that a greater

JAMA Psychiatry March2022 Volume 79, Number 3
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Figure 2. Polygenic Score Analysis of the Cardiff Cognition in Schizophrenia (CardiffCOGS) Cohort and Genetics Workstream of the Schizophrenia
Treatment Resistance and Therapeutic Advances (STRATA-G) Cohort Using 3 Different Schizophrenia-Related Polygenic Risk Scores (PRS)
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diagnosis. There were 315 individuals with TRS and 502 individuals with ap< Q5.

non-TRS in the CardiffCOGS cohort and 71 individuals with TRS and 492 control
individuals in the STRATA-G cohort. PGC indicates Psychiatric Genomics

interaction PRS burden was also associated with having resistance is largely consistent between CardiffCOGS and
treatment resistance in this setting, explaining up to 1.09%  STRATA-G, with the TRS interaction PRS burden showing no
of the variance (P = .04; FDR P = .21). In contrast, neither the  difference between incident and prevalent TRS individuals
CLOZUK nor PGC PRS were significantly associated with  (Figure 3). However, we noted a distinction in terms of gen-
treatment resistance across any of the tested P value thresh-  eral schizophrenia risk alleles, as indexed by the CLOZUK and
olds or using polygenic prediction via Bayesian regression = PGC PRS, which were enriched within the individuals with first-
and continuous shrinkage priors (Figure 2; eTable 3 in  episode TRS compared with the individuals with TRS from our
Supplement 1). However, a meta-analysis of both Cardif- cross-sectional sample (CLOZUK: OR, 1.52; SE, 0.21; P = .047;
fCOGS and STRATA-G resulted in narrower confidence inter- PGC: OR, 3.48; SE, 0.39; P = 7.69 x 10~%). None of the scores
vals around all the PRS effect size estimates previously esti-  we tested were significantly different between the 2 groups of
mated from CardiffCOGS, supporting the overall consistency individuals with non-TRS, and all individuals with schizophre-
in directions of association between these samples (eFig- nia showed larger mean scores than the unaffected controls.
ure 3 and eTable 3 in Supplement 1).
To interpret the results from the prevalence and inci- Genetic Correlation Between TRS and Other Traits

dence cohorts alongside each other, we merged the geno- We used the results of the TRS interaction GWAS to examine
typed SNVs from both samples (to a total of 199 074 SNVs)and  the genetic associations between the treatment-resistant
estimated polygenic scores using all LD-independent SNVs  phenotype and other disorders and traits. In these analyses,
(P < 1). Asareference point for this analysis, weretainedasmall 8 of 28 publicly available GWAS summary statistics displayed
subset of 242 screened unaffected controlindividualsthathad = nominally significant (P < .05) genetic correlations with TRS,
been genotyped as part of the Genetics and Psychosis project,?®  of which 5 survived multiple testing correction (FDER p < 0.05;
one of the STRATA-G cohorts. Splitting the combined sample  Figure 4; eTable 4 in Supplement 1). All 5 genetically corre-
by TRS status showed that the polygenic profile of treatment lated phenotypes were associated with cognitive measures
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Figure 3. Polygenic Profile Derived From Combined Genotype Data From the Cardiff Cognition in Schizophrenia (CardiffCOGS)
and Genetics Workstream of the Schizophrenia Treatment Resistance and Therapeutic Advances (STRATA-G) Cohorts
Using Scores Calculated With Linkage Disequilibrium-Independent (P < 1) Single-Nucleotide Variants
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Dots indicate the mean values of the standardized polygenic risk score (PRS;
corrected for sex, relevant principal components, and ancestry-informative
marker-based ancestry estimates). Whiskers delimit the 95% Cls of the

PRS means. PGC indicates Psychiatric Genomics Consortium;
TRS, treatment-resistant schizophrenia.

and educational attainment (geneticr, 0.41-0.69), showing our
GWAS of TRS to be genetically correlated with lower cogni-
tive ability and lower educational attainment.

|
Discussion

We report a large study of treatment resistance in schizophre-
nia, showing that common genetic variants were associated
with this presentation, that these variants were also associ-
ated with general risk of schizophrenia, and that the differ-
ence in their associations with the 2 phenotypes may have in-
fluenced the polygenic score analyses. Furthermore, our results,
particularly the large genetic correlation between the TRS and
non-TRS GWASs, are consistent with the risk conferred by com-
mon SNVs being similar regardless of whether individuals
respond to first-line treatments. This suggests that treatment
resistance, at least to the extent that we have been able to
define it and explore it within this study, is not likely to index
a cluster of individuals with a range of etiologies and patho-
physiologies fundamentally different from those that contrib-
ute to schizophrenia more widely. However, by also assessing
differences at the level of individual allelic associations, our
results also support the existence of a polygenic contribution
associated with treatment resistance that seems largely dis-
tinct from liability to schizophrenia. While this approach has not
identified specific SNVs or genes that could be followed up as
potential drivers of treatment outcomes, we find genome-
wide correlations that recapitulate previous epidemiological
findings, such as the association of treatment resistance with
poorer cognitive performance.>>°3 Such polygenic overlaps vali-
date our indirect approach for carrying out the GWAS of TRS
in the absence of a single large-scale harmonized case-case
sample. However, they should not be interpreted as proof of cau-
sality in either direction and do not account for confounders,
such as sociodemographic indicators, medication adherence,
or antipsychotic effects in treatment response.

Implications
In revealing the existence of a common, heritable genetic
signal for TRS, our study adds a new layer of evidence to the
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Figure 4. Linkage Disequilibrium Score Regression Genetic Correlation
Results of LD-HUB Phenotypes With the Treatment-Resistant
Schizophrenia Interaction Genome-Wide Association Study
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Top. Genetic correlation coefficients shown with standard errors. Bottom,
Genetic correlation P values. The dashed line indicates a false discovery
rate-corrected significant level of P = .05.

ongoing discussion of whether TRS is categorically distinct
from treatment-responsive schizophrenia.!” Despite a large
genetic correlation between both conditions, we show that
PRS derived from them perform differently when attempting
out-of-sample prediction of TRS, which suggests that the
heterogeneous results previously obtained in PRS analyses
might have been influenced by the presence of individuals with
TRSin the generic schizophrenia training sample.'® While fol-
low-up studies would likely require rich clinical data on large
numbers of individuals with TRS and non-TRS to fully ex-
plore the implications of these results, they pose an impor-
tant consideration for research seeking to understand whether
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the genetics of disorder susceptibility are the same as disease
course in schizophrenia? and whether treatment response can
be influenced by the accumulation of genetic and clinical
factors.>*> Finally, while our results show that TRS is asso-
ciated with a polygenic signal, the variance in TRS explained
remains modest, and associated area under the curve values
are small (eTable 3 in Supplement 1). Thus, polygenic scores
tapping into this signal are thus unlikely to be of clinical util-
ity in predicting treatment resistance, although their contri-
bution to multifactorial predictive models (integrating rare vari-
ants, neuroimaging biomarkers, environmental exposures,
demographic factors, and clinical measures) is an interesting
avenue for future research.

Limitations

This study has limitations. TRS is an underreported diagno-
sis, and while our research definition for this phenotype aligns
with international criteria,>® we acknowledge that some indi-
viduals with treatment-resistant symptoms might still be pre-
sent in the non-TRS data set, particularly in those samples
where no ascertainment of TRS could be carried out. The ef-
fect of such misclassification would be akin to a reduction of
effective sample size, reducing SNV discovery power and add-
ing noise to GWAS effect size estimates.>” This further limits
our power to detect differences in allelic associations through
the interaction analysis, which is already only sensitive to rela-
tively large differences in effect size between studies.*® Addi-
tionally, the interaction test does not model or addresses po-
tential between-study heterogeneity. This precludes the use
of more sophisticated statistical methods for downstream
analyses, such as tissue-specific enrichment analyses or tran-
scriptome-wide association studies.>®
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Imperfect phenotyping and potential misclassification
might also have attenuated our results, and given the small
total heritability detected for our TRS GWAS, we note that the
magnitude of genetic correlations with other traits should be
interpreted cautiously. Also, similar to what has been argued
in the study of etiologically heterogeneous phenotypes
through GWAS,>%:¢° the existence of significant genetic corre-
lations and consistent polygenic association in independent
samples reassures us that the common genetic variants we
detect have (en masse) an association with TRS liability,
even if our results cannot quantify the degree of contribu-
tion from nongenetic causes. In this regard, given that most
of our analyses are based on European-based and UK-based
samples, our conclusions might not be generalizable to non-
European countries, where the diagnosis and treatment
pathways of TRS might be influenced by racial and ethnic or
cultural backgrounds.®!

. |
Conclusions

In this GWAS, TRS had a small but detectable heritability
associated with common risk alleles. Validation work, via
the PRS method, showed that the contribution of these
alleles were similar across incidence and prevalence samples.
This is despite differences in cohort characteristics, and the
use of drug prescription data as a proxy for TRS instead of
quantitative metrics. Altogether, these results highlight the
usefulness of well-controlled clinical phenotype data in psy-
chiatric genetics to explore beyond diagnostic classifications
and into treatment outcome and response to aid precision
psychiatry.
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