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Treatment-resistant schizophrenia (TRS) affects around 
one-third of individuals with schizophrenia. Although a 
number of sociodemographic and clinical predictors of 
TRS have been identified, data on the genetic risk of TRS 
are sparse. We aimed to investigate the association between 
a polygenic risk score for schizophrenia and treatment 
resistance in patients with schizophrenia. We conducted 
a nationwide, population-based follow-up study among all 
Danish individuals born after 1981 and with an incident 
diagnosis of schizophrenia between 1999 and 2007. Based 
on genome-wide data polygenic risk scores for schizophre-
nia were calculated in 862 individuals with schizophrenia. 
TRS was defined as either clozapine initiation or at least 2 
periods of different antipsychotic monotherapies and still 
being hospitalized. We estimated hazard rate ratios (HRs) 
for TRS in relation to the polygenic risk score while adjust-
ing for population stratification, age, sex, geographical 
area at birth, clinical treatment setting, psychiatric comor-
bidity, and calendar year. Among the 862 individuals with 
schizophrenia, 181 (21.0%) met criteria for TRS during 
4674 person-years of follow-up. We found no significant 
association between the polygenic risk score and TRS, 
adjusted HR = 1.13 (95% CI: 0.95–1.35). Based on these 
results, the use of the polygenic risk score for schizophrenia 
to identify individuals with TRS is at present inadequate to 
be of clinical utility at the individual patient level. Future 
research should include larger genetic samples in combina-
tion with non-genetic markers. Moreover, a TRS-specific 
developed polygenic risk score would be of great interest 
towards early prediction of TRS.
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Introduction

Treatment-resistant schizophrenia (TRS) is considered 
to affect approximately one-third of all individuals diag-
nosed with schizophrenia. TRS is commonly defined as 
insufficient treatment response despite at least 2 differ-
ent antipsychotic treatment courses of adequate dose and 
duration.1–3

It has been shown, that individuals with a family his-
tory of psychosis are more likely to poorly respond to 
antipsychotic drugs,4–6 suggesting a genetic influence in 
the development of TRS. This is supported by previ-
ous research indicating that variants in the gene coding 
for the Dopamine D2 receptor (DRD2) may be predic-
tive of response to antipsychotic drugs in first-episode 
schizophrenia.7–9 The DRD2 lies within one of the 108 
associated regions reported in schizophrenia showing an 
overlap between genes contributing to the genetic risk of 
schizophrenia and the key target for antipsychotic drugs.10 
Schizophrenia is polygenic, ie, influenced by many genetic 
variants each having a small effect.11 Combining thou-
sands of common variants of small effect, weighted by 
their effect estimates, in a polygenic risk score, provides 
a measure of genetic liability to schizophrenia.12 Data 
regarding the association of a polygenic risk score for 
schizophrenia and TRS are sparse,13,14 and more evidence 
is needed to explore this association further. As the social 
and economic costs of TRS are high,15 and an extended 
duration of insufficiently treated or untreated psychosis 
is associated with poorer prognosis,16 it is important to 
identify individuals at high risk of TRS to improve effi-
cacy and reduce time and morbidity during failed treat-
ments periods. Genetic predictors could potentially help 
to identify such high-risk individuals.
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In this nationwide, population-based follow-up study, 
we aimed to examine the association between the poly-
genic risk score for schizophrenia and TRS in a Danish 
cohort of individuals diagnosed with schizophrenia.

Methods

This was an observational cohort study using Danish, 
population-based registers.

Data Sources

Danish, population-based registers were linked using the 
unique personal identification number assigned to all 
Danish citizens. Information on sex, date of birth, death, 
emigration, and current and past residence in Denmark 
was obtained from the Danish Civil Registration System 
established in 1968.17 Genetic data were extracted from 
dried blood spots taken in the first days after birth 
of nearly all infants born in Denmark since 1981 and 
stored in the Danish Newborn Screening Biobank.18 
Information on antipsychotic medication was obtained 
from the Danish National Prescription Registry (DNPR) 
which holds information on all prescriptions redeemed 
from community pharmacies in Denmark since 1995.19 
Data on psychiatric hospital diagnoses and admissions 
were extracted from the Psychiatric Central Research 
Register (PCRR) which contains information on all inpa-
tient contacts since 1969 and outpatient contacts since 
1995.20

Study Cohort

The study cohort consisted of all individuals with 
a first diagnosis of schizophrenia (the International 
Classification of Diseases, Tenth Revision, ICD-10 code 
F20)21 between 1999 and 2007, born in Denmark after 
May 1, 1981, with a DNA sample available from the 
Danish Newborn Screening Biobank.18

Treatment-Resistant Schizophrenia

Our measure of TRS was based on data from the DNPR 
and PCRR. We defined TRS as first occurrence of either 
clozapine initiation or hospitalization due to schizophre-
nia during antipsychotic treatment within 18  months 
after at least 2 periods of different antipsychotic mono-
therapy lasting at least 6 weeks each. This treatment-
based proxy, used in a recent published study,22 builds on 
international and Danish treatment guidelines and the 
Kane criteria.1,2,23–25

The Polygenic Risk Score

The polygenic risk score for schizophrenia—a measure 
of the genetic liability to schizophrenia—was based on 
genome-wide data from the PGC discovery sample and 
data from the Danish Newborn Screening Biobank. We 

calculated polygenic risk scores based on the summary 
statistics (effect allele, effect size) derived from the dis-
covery sample. The discovery sample comprised 34 600 
schizophrenia cases and 45 986 controls from the PGC 
Genome-Wide Association Study (GWAS) meta-anal-
ysis for schizophrenia, excluding the Danish cases.10 We 
selected single nucleotide polymorphisms (SNPs) associ-
ated at a P value threshold of .05 or lower. This threshold 
was chosen in accordance with other studies including 
polygenic risk scores,26 and this less stringent threshold, 
compared with thresholds used in association analysis 
of single variants, is considered appropriate to achieve a 
balance between the number of false-positive and true-
positive risk alleles.27 Thereby, we identified a total of 24 
755 SNPs. In our target sample, our independent study 
population, the polygenic risk score was then calculated 
for each individual as the weighted sum of risk alleles at 
the selected SNPs with the weight being the effect esti-
mates in the discovery sample.

The polygenic risk score, that is approximately normal 
distributed,28 was converted into a z-score by subtracting 
the mean and dividing by the SD.

Candidate Predictors of TRS

We included an a priori selected subset of factors that have 
been identified as candidate predictors of TRS.22,29 These 
variables were included because they could potentially 
explain some variation in the association and because 
potential prediction models for TRS should include both 
genetic and environmental factors. These factors were: 
age at first diagnosis of schizophrenia, geographical area 
at birth (born in the capital vs born outside the capital), 
psychiatric comorbidity (any inpatient psychiatric hospi-
talization in the year prior to first diagnosis of schizo-
phrenia), and clinical treatment setting (in- or out-patient 
at first diagnosis of schizophrenia). We furthermore 
included sex because this factor could also potentially 
explain some of the variation in TRS, and calendar year, 
because of calendar time trends in diagnosis, treatment, 
and quality of blood samples.

Statistical Analysis

Individuals were followed from the date of their first hos-
pital diagnosis of schizophrenia until TRS, death, emi-
gration, or end of study (December 31, 2010), whichever 
came first. We estimated hazard rate ratios (HRs) for the 
association between the standardized polygenic risk score 
and the incidence of TRS, and adjusted for the candi-
date predictors listed above and calendar year. All models 
including the polygenic risk score for schizophrenia were 
additionally controlled for population stratification by 
adjusting for the 10 first genomic principal components.30

We conducted several sensitivity analyses to examine 
the robustness of the results. First, due to the limited 



1066

T. Wimberley et al

size of the cohort, we included the residual from a lin-
ear regression of the polygenic risk score on the candi-
date predictors instead of including the set of candidate 
predictors directly into the model. Second, we restricted 
the TRS definition to clozapine initiation only. Third, we 
restricted the cohort to adult individuals (≥18 years at first 
diagnosis of schizophrenia) since the antipsychotic treat-
ment guidelines as well as clinical prescribing practice 
and response to antipsychotics differ between childhood- 
and adult-onset schizophrenia.31,32 Finally, all analyses 
were repeated with polygenic risk scores calculated based 
on SNPs selected using thresholds of P < .01 and P < .1, 
including 10 622 and 35 792 SNPs, respectively.

The proportional hazards assumption was checked by 
diagnostic plots. All statistical analyses were performed 
using SAS 9.3 and Stata 13.

Results

We identified 862 individuals diagnosed with schizophre-
nia with an available DNA sample. Median age at first 
schizophrenia diagnosis was 19 years (inter-quartile range: 
17–21  years), 471 (54.6%) were males and 391 (45.4%) 
were females. A total of 181 (21.0%) fulfilled the TRS def-
inition during follow-up. They were followed for a total of 
4674 person-years resulting in an incidence rate of TRS 
of 3.87 (95% CI: 3.31–4.44) per 100 person-years, and a 
median follow-up of 5.4 years (inter-quartile range: 4.1–
7.1 years). Characteristics for these individuals according 
to TRS are presented in table 1. The mean standardized 
polygenic risk score was nominally higher among indi-
viduals fulfilling the TRS definition (0.24) compared with 
individuals not fulfilling the TRS definition (0.20), but the 
difference was not statistically significant (P = .58).

The adjusted HR for TRS associated with 1 SD increase 
in the polygenic risk score was 1.13 (95% CI: 0.95–1.35). 

Only adjusting for population stratification, the estimate 
was 1.09 (0.92–1.30) (table 2).

We also evaluated the HRs obtained for some of the 
known predictors for TRS in our analyses in order to 
qualify the validity of our dataset. In this cohort, the fac-
tors female sex, psychiatric comorbidity, and being inpa-
tient at first diagnosis of schizophrenia were significantly 
associated with increased rates of TRS, whereas no sig-
nificant associations were found for age at first schizo-
phrenia diagnosis and capital birth (table 2).

When including the residual of a linear regression of 
the polygenic risk score on the candidate predictors, the 
association between the polygenic risk score and TRS 
was virtually unchanged, adjusted HR = 1.12 (95% CI: 
0.93–1.33).

When restricting the TRS definition to clozapine initia-
tion only, the association remained statistically insignifi-
cant, but the adjusted HR was slightly higher, HR = 1.23 
(0.97–1.56) (supplementary table 1).

We further examined the association restricted to adult 
individuals (≥18 years at first diagnosis of schizophrenia), 
although with a weaker statistical precision. Among this 
subset of individuals (n  =  584), we found no associa-
tion between the polygenic risk score and TRS, adjusted 
HR = 1.01 (0.80–1.27) (supplementary table 2).

Finally, we repeated the analysis with polygenic risk 
scores calculated based on SNPs selected using different 
thresholds, and found similar results. Adjusted HRs for 
TRS were 1.09 (95% CI: 0.92–1.29) for P < .01 and 1.17 
(95% CI: 0.98–1.41) for P < .1.

Discussion

This study provided no statistically significant evidence 
for an association between an increased polygenic risk 
score for schizophrenia and TRS.

Table 1.  Characteristics for Individuals With Schizophrenia With a DNA Sample Available (N = 862)

Characteristics TRS During Follow-up No TRS During Follow-up Total

N 181 681 862
Polygenic risk score (mean, SD) 0.24 (1.04) 0.20 (1.01) 0.21 (1.02)
Age at first schizophrenia diagnosis, years (median,  
inter-quartile range)

19.0 (16.9-20.8) 19.2 (17.0–20.9) 19.1 (17.0–20.9)

Sex, N (%)*
  Female 101 (55.8%) 290 (42.6%) 391 (45.4%)
  Male 80 (44.2%) 391 (57.4%) 471 (54.6%)
Geographical area at birth, N (%)
  Capital 25 (13.8%) 116 (17.0%) 141 (16.4%)
  Provincial or rural 156 (86.2%) 565 (83.0%) 721 (83.6%)
Treatment setting at first diagnosis of schizophrenia, N (%)*
  Inpatient 121 (66.9%) 306 (44.9%) 427 (49.5%)
  Outpatient 60 (33.1%) 375 (55.1%) 435 (50.5%)
Psychiatric comorbidity in the year prior to first diagnosis of schizophrenia, N (%)*
  Yes 91 (50.3%) 208 (30.5%) 299 (34.7%)
  No 90 (49.7%) 473 (69.5%) 563 (65.3%)

Note: *P < .05 for significant difference between individuals with treatment-resistant and non-treatment-resistant schizophrenia.
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Our study is in agreement with 2 other studies. In a 
study from Australia by Martin and Mowry, no statis-
tically significant association between a polygenic risk 
score and TRS was found, where TRS was defined as 
non-response to antipsychotics inspired by the modi-
fied Kane criteria.14 Similarly, in a study from Iceland by 
Sigurdsson and Ingimarsson, a polygenic risk score did 
not differ with regard to clozapine use.33 Another study 
found crude statistically significantly increased polygenic 
risk score among people with schizophrenia treated with 
clozapine, but the association did not remain significant 
after adjustment for clinical variables.13 In our study, the 
HR estimate was insignificantly but nominally increased 
when lifetime clozapine treatment was used as a proxy 
for TRS. In summary, the evidence for an association 
between a polygenic risk score for schizophrenia and 
TRS is still sparse and not fully clarified.

The main strengths of the setting of this study are the 
uniformly organized Danish health care system allowing 
a population-based design and the ability to link different 
data sources with prospectively collected data indepen-
dent of the study hypothesis and with virtually complete 
follow-up.

The validity of the schizophrenia diagnosis in the reg-
isters is high,34 but by only including people with schizo-
phrenia with an available DNA sample, the sample was 
relatively young, and this may have introduced selection 
bias, thus limiting generalizability. The relatively young 
cohort might explain why we did not observe significant 
associations between TRS and age at first schizophrenia 
diagnosis and capital birth, as opposed to other stud-
ies,14,22,29 but in line with a study on early-onset schizo-
phrenia and clozapine.31

Based on register data with lack of  information on 
in-hospital drug treatment and clinical scores, TRS can-
not be identified without misclassification. Although 
clozapine initiation (observed in 12% of  schizophrenia 
cases during follow-up in our present study), might have 
a high positive predictive value for TRS, this definition 
will not capture all with TRS. The TRS definition used 
in this study included therefore not only individuals 

initiating clozapine but also individuals meeting regis-
ter-based eligibility criteria for clozapine, and the pro-
portion of  individuals meeting criteria for TRS during 
follow-up in the present study (21%) approaches the 
previously estimated prevalence of  TRS of  25%–30% of 
individuals with schizophrenia. While this definition of 
TRS might still not capture all with TRS it might also 
misclassify patients as treatment resistant, where shift 
in treatment and subsequent hospitalization is due to 
other reasons than insufficient treatment response. Still, 
we believe that this definition of  TRS is closer to the 
theoretical definition of  TRS based on clinical guide-
lines which, in turn, are based on the modified Kane 
criteria.1,2 To a great extent this TRS definition repre-
sents the more severe end of  spectrum of  schizophrenia, 
which forms the basis for our hypothesis that there may 
be a higher genetic liability to schizophrenia in people 
with TRS. Nevertheless, sensitivity analysis restricting 
the TRS definition to clozapine initiation did not alter 
our conclusion.

Even though the present study did not provide 
any statistical significant evidence for an association 
between the polygenic risk score for schizophrenia and 
TRS with small estimated effect sizes, we cannot rule 
out the possibility that the ability of  our study to detect 
an association could be hindered by the relatively small 
sample size, ie, high probability of  false-negative find-
ings. Studies are still few and outcome definitions dif-
fer, but the increasing access to genetic data will allow 
for replication in larger cohorts. Future meta-anal-
yses could also be helpful in assessing the association 
between a genetic liability to schizophrenia and TRS, 
given that similar study populations and methods had 
been applied.

In spite of lack of association between the polygenic 
risk score and TRS, there might still be a genetic influ-
ence on TRS. An association between total copy num-
ber duplication burden genome wide and TRS has been 
found,14 and people with TRS have been shown to have 
an excess of rare disruptive variants in gene targets of 
antipsychotics.11 While genetic variations at the DRD2 

Table 2.  Hazard Rate Ratios (HR) for the Event of Treatment-Resistant Schizophrenia (TRS) (Crude and Adjusted Associations With 
TRS) (N = 862)

Number of Events = 181 Crude HR (95% CI) Adjusted HR (95% CI)a

Polygenic risk score 1.09 (0.92–1.30)b 1.13 (0.95–1.35)b

Age at first diagnosis of schizophrenia (y) 1.02 (0.97–1.08) 1.02 (0.96–1.08)
Female 1.68 (1.25–2.25) 1.57 (1.16–2.13)
Capital birth 0.74 (0.49–1.13) 0.76 (0.48–1.19)
Inpatient at first diagnosis of schizophrenia 2.15 (1.58–2.93) 2.07 (1.50–2.84)
Any psychiatric comorbidity in the year prior to first diagnosis of schizophrenia 2.10 (1.57–2.81) 1.86 (1.38–2.51)
Calendar year 1.02 (0.94–1.10) 1.04 (0.95–1.13)

Note: aAdjusted for age, sex, geographical area at birth, treatment setting, psychiatric comorbidity, and calendar year.
bAdjusted for the first 10 genomic principal components to control for population stratification.
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have been associated with treatment response in schizo-
phrenia,7–9 these variants alone only have a modest effect 
and are not clinical useful. A polygenic risk score thus 
remains a potentially useful tool for genetic risk models. 
Previously, the polygenic risk score for schizophrenia has 
been shown to be able to predict case-control status in 
independent samples, although the sensitivity and speci-
ficity of the polygenic risk score for schizophrenia were 
found to be low.10 The predictive accuracy of the scores 
may be optimized by accounting for the effects of linkage 
disequilibrium,35 and thus the scores may also improve 
the prediction of TRS.

Conclusion

The polygenic risk score for schizophrenia was not statis-
tically significantly associated with TRS. This result sug-
gests that the predictive power of this polygenic risk score 
in identifying TRS individuals is at present inadequate 
to be of clinical utility at the individual patient level. For 
future research on genetic markers for TRS and potential 
implementation in clinical practice, larger genetic sam-
ples and possible combination with nongenetic markers 
will be required. Moreover, development and validation 
of a TRS-specific polygenic risk score would be of great 
importance.

Supplementary Material

Supplementary material is available at Schizophrenia 
Bulletin online.
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