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Abstract

Polygenic Risk Scores and Schizophrenia: Association with Gender and Age of Onset in
an Ashkenazi Jewish Population
By Helene Fevrier

Schizophrenia (SZ) is a severe and debilitating psychiatric disorder with a range of
symptoms and outcomes that range from remission to chronic states where treatment
options are not effective. Remission in SZ is association with female gender, later age of
onset and good social functioning prior to onset. Twin studies have shown 80%
heritability between twins and 60% heritability in family studies. SZ is a polygenic
disorder, where the individual contribution of each SNP is minimal, and the pooled effect
of many mutations contributes to a higher risk of SZ and other psychiatric disorders,
including bipolar disorder (BP). The data for this study was from the Epidemiology
Genetics Program at the Johns Hopkins University School of Medicine, where SZ cases
and unaffected controls of Ashkenazi Jewish descent were ascertained. Genome-wide
SNP data for 600 SZ cases, 446 BP cases, and 508 controls was used to create risk scores
for each individual at 3 different association thresholds. Risk scores were investigated for
associations between gender and age of onset. Risk score was associated with SZ
phenotype after adjusting for sex (OR: 1.20, 1.03-1.40). In females, higher scores may be
related to earlier ages of onset; no such relationship was found in men. Risk scores for BP
cases were created using a dataset of SZ cases and controls to test whether polygenic risk
score, but not gender, was associated with BP phenotype (p<0.0001). Age of onset in BP
cases was not associated with risk score. These findings support previous literature that
gender is associated with genetic risk for SZ, and that SZ and BP may share common risk
alleles.
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Introduction

Schizophrenia (SZ) is a complex and debilitating disorder that affects 1% of the
population worldwide (Chen, Cao et al. 2015). This psychiatric disorder is characterized
by positive symptoms (including delusions, hallucinations, and disorganized behavior or
speech) and negative symptoms (including alogia, avolition, and asociality) (Association
and Association 2000). Alogia is a lack of speech while avolition is characterized by
decreased motivation to perform routine activities such as attending school, continuing
employment and engaging in social activities. These are classified as negative symptoms
because there is a deficiency in normal functioning. Most individuals with SZ display a
combination of both positive and negative symptoms (Elis, Caponigro et al. 2013, Lang,
Kosters et al. 2013). A diagnosis is made after a combination of these symptoms has been
present for greater than six months. Individuals who are diagnosed usually have a

difficult time with self-care, interpersonal relationships, and maintaining an occupation.

SZ is a heterogeneous disorder (Chen, Cao et al. 2015). Longitudinal studies have
reported a range of symptoms and severity. Outcomes can vary from remission after the
first psychotic episode to severe and chronic states where treatment options are not
effective (Lang, Kosters et al. 2013). Remission in non-psychiatric diseases is generally
defined by a lack of symptoms and a return to baseline health. However, in psychiatric
disorders, remission is not the absence of all symptoms; rather, it is defined by
diminished severity of symptoms with only mild disability. (Andreasen, Carpenter Jr et
al. 2014). A patient with SZ may be in remission when symptoms no longer significantly

interfere with day to day functioning. Several factors are associated with remission



including female gender, a later age of onset, and good social functioning prior to onset
(Haro, Novick et al. 2006). SZ patients may also experience relapses after achieving
remission; Haro et al. estimated that 25% of patients who achieved remission later
relapsed. A relapse is defined by a worsening of symptoms, an increased number of
hospitalizations or a decrease in social functioning (Haro, Novick et al. 2006). Higher
risk of relapse is associated with substance abuse and hostile behavior. In a study of
males with schizophrenia, patients who had not achieved remission one year after onset,
had also not achieved remission after 4 and 7 years (Ceskova, Prikryl et al. 2011).
Negative symptoms, male gender and longer periods of untreated psychosis are

associated with poorer outcomes in patients.

There are considerable differences in symptoms and outcomes between males and
females with SZ. Males have an earlier age of onset, while onset in females is general 3-5
years after males (Leung and Psych 2000, Lindamer, Lohr et al. 2014). However, no
significant difference have been observed in mean age of onset in childhood-onset SZ
between males and females (Ochoa, Usall et al. 2012). Males also have a higher
incidence of SZ; the odds ratio for SZ for males compared to females in 1.4 (McGrath,
Saha et al. 2004). The range of symptoms may also vary between sexes. Although studies
have shown mixed results, it had been suggested that men have more negative or
disorganized symptoms, while women with SZ have symptoms of depression and anxiety
(Ochoa, Usall et al. 2012, Goldstein, Cherkerzian et al. 2013). Outcomes between males
and females also exhibit significant differences. The rate of relapse is higher in males,

while the rate of remission is higher in females (Ochoa, Usall et al. 2012).



Environmental risk factors are believed to play a role in the risk of SZ. Environmental
risk factors can increase risk before birth, during early childhood and during adolescent
and early adult years. The relationship between environmental risk factors and stage of
life may contribute to increased risk or range of symptoms that are seen in SZ (Cannon,
Jones et al. 2002). It is hypothesized that paternal age over 40 years is associated with SZ
through a mechanism of passing a greater number of de novo mutations from father to
offspring. (Matheson, Shepherd et al. 2011, Harper, Towers-Evans et al. 2015). As age
increases, the number of de novo mutations increases, however, no association has been

determined for increased maternal age and risk of SZ (Kong, Frigge et al. 2012).

Low birth weight (<2000g) has also been associated with increased risk of SZ in many,
but not all studies of low birth weight. Low birth weight may be a risk factor for many
psychiatric diseases (BP and substance abuse), and is not limited to SZ (Harper, Towers-
Evans et al. 2015). Maternal diabetes and season of birth have also shown small effect
sizes of increased risk for SZ (Matheson, Shepherd et al. 2011). Risk factors that may
contribute to SZ risk and symptoms later in life include cannabis use and substance
abuse, and urbanicity (Matheson, Shepherd et al. 2011). There are a wide variety of
environmental risk factors that are associated with SZ. Not only do these risk factors vary
by individual, but the interactions between environmental and genetic risk factors are

complex but very important in determining risks for SZ.



Although associations between certain environmental risk factors and SZ have been
determined, much of the risk of SZ is heritable. SZ is a genetic disorder with high
familial heritability. Twin studies have shown 80% heritability between twins, and 60%
heritability in family studies (Sullivan, Kendler et al. 2003). It is estimated that having an
affected 1% degree relative increases the risk of SZ 10-fold (Gottesman and Shields
1982). However, there is no evidence that inheritance of SZ follows a Mendelian pattern

(Owen, Craddock et al. 2010, Sullivan, Daly et al. 2012).

Recently, significant advances have been made in discovering genetic factors associated
with an increased risk of SZ. These include copy number variants (CNV), where large
portions, (greater than 100,000 bases) of the genome have been deleted or duplicated, and
common variants, which are smaller in size and occur more frequently in the genome
(Stone, O’Donovan et al. 2008). CNVs are rare and occur in less than 1% of the
population (NUMBER and CASES 2010). The number of genes that CNVs span is a
better predictor of increased SZ risk than simply the number of CNVs in an individual’s
genome. Additionally, many of the CNVs that have been associated with increased risk
of SZ have also been associated with increased risk of other psychiatric disorders
including, autism spectrum disorder (ASD) and attention-deficit/hyperactivity disorder

(ADHD) (Sullivan, Daly et al. 2012).

Genome wide association studies (GWAS) have also prompted new discoveries about the
genetics of SZ. Recent advances in GWAS have identified a number of single nucleotide

polymorphisms (SNPs) which are associated with an increased risk of SZ. SZ is a highly



polygenic disorder; although the individual contribution of each SNP is very small, when
the effect of these mutations is pooled, they contribute to a higher risk of SZ. It is
hypothesized that the heterogeneity of the disease and its outcomes comes from the
combination of risk from many small associated SNPs and rarer, large CNVs. A number
of these SNPs show not only an association for increased risk of SZ but also are also
associated with an increased risk of bipolar disorder (BP) (Sullivan, Daly et al. 2012).
Gottesman et al. studied the offspring of SZ and BP affected parents. The 2010 study
found the risk of SZ to be 27.3% higher when offspring has two affected parents, 7.0%
where offspring had one affected parents and 0.86% in couples where neither parents was
affected (Gottesman, Laursen et al. 2010). This trend is also seen among offspring of
parents affected by BP, where the risk of BP in offspring with two affected parents, one
affected parent and no affected parent is 24.9%, 4.4% and 0.48% respectively. In
addition, offspring of two parents with BP had a cumulative incidence of SZ
approximately four times higher than the general population (Gottesman, Laursen et al.
2010). This study supports the hypothesis that SZ is highly heritable, and that SZ may

share common risk alleles with BP.

Despite the large effect size of CNVs, it is hypothesized that much of the variance in
heritability comes from smaller common variants. Through recent GWAS many
associated risk alleles have been identified. The variants that are detected by GWAS are
common, meaning that the allele frequency is found in greater than 1% of the population
(Chen, Cao et al. 2015). However, large samples sizes are required to detect significant

alleles; smaller sample sizes do not have adequate power to do so (Owen, Craddock et al.



2010). One of the early GWAS’s used 479 cases and 2,937 controls and investigated 12
loci with a moderate association, and 3 with strong associations. The strongest
association for a risk allele was found in the Zinc Finger Protein 804A (ZFP804A) region
(O'donovan, Craddock et al. 2008). Ripke et al. found 22 significantly associated loci, of
which 13 were novel findings, using a sample size of 5,001 cases and 6,243 controls
(Ripke, O'Dushlaine et al. 2013). This study provided evidence for the role of the major
histocompatibility complex (MHC) in development of SZ (Schwab and Wildenauer
2013). The latest findings were published by the Schizophrenia Working Group of the
Psychiatric Genomics Consortium. Using a sample size of 150,064 individuals, 108 loci
were found to be associated with SZ (Consortium 2014). Of the 108 associated loci, 75%
were found in protein coding regions, and an additional 8% were found within 20KB of a
protein coding region (Consortium 2014). GWAS studies are needed to study the small
effect sizes of individuals SNPs because the additive effects of these alleles confer an

increased risk of SZ.

GWAS has been particularly successful at identifying variants related to psychiatric
disorders because they are capable of screening thousands of individuals. GWAS can be a
helpful tool in detecting risk alleles in psychiatric disorders because evidence has shown
many of the same risk alleles may confer risk to multiple psychiatric disorders including,
BP, ASD, ADHD, major depressive disorder (MDD) and SZ. In 2009, Lichtenstein et al.
reported findings that when parents were diagnosed with BP, the risk of SZ increased for
offspring of affected parents (RR=2.4 95%ClI: 2.1-2.4). Furthermore, when a sibling was

diagnosed with BP, other siblings were at higher risk for being diagnosed with SZ



(RR=3.9, 95%Cl: 3.4-4.4) (Lichtenstein, Yip et al. 2009). Similarly, offspring of parents
diagnosed with SZ had an increased relative risk for BP (RR=5.2 95%CI: 4.4-6.2); while
siblings diagnosed with SZ, increased with relative risk of BP diagnosis among other
siblings (RR=3.7, 95%CI: 3.2-4.2) (Lichtenstein, Yip et al. 2009). Additionally, the
Cross-Disorder Group of the Psychiatric Genomics Consortium studied 33,332 cases and
27,888 controls with one of five psychiatric disorders (ASD, BP, SZ, ADHD, and MDD)
(Consortium 2013). The study identified 4 loci, two of which implicated calcium-voltage
gated channels, which were associated with an increased risk of these 5 disorders. This
was the first genome-wide study that suggested a shared genetic risk between these five
disorders (Consortium 2013). This novel finding might explain the simultaneous
occurrence of these disorders and suggests that voltage gated calcium channels are an

important pathway in the development of disease.

Significant advances in psychiatric genetics have been made by recent GWAS
discoveries. However, GWAS requires very large sample sizes to detect associations
between risk alleles and potential outcomes. Additionally, there are many alleles that do
not reach significance in these large studies. In polygenic disorders, specifically SZ and
other psychiatric disorders, increased risk is attributed to large mutations (CNVs) and the
collective contribution of smaller SNPs that may not reach significance on their own.
Polygenic risk scores summarize the combined effect of these alleles and their association

to the outcome. A sum of each allele that is protective against or increases



risk of the outcome can calculated and applied as a risk score for each individual in a
dataset (Musliner, Seifuddin et al. 2015). This can be used to find genetic associations

well as predict risks.

Polygenic risk scores can be used to measure the collective effect of genetic markers that
may be associated but do not reach genome-wide statistical significance in GWAS
studies (Dudbridge 2013). Although these genetic markers alone may not have been
detected, their combined effect can be associated with a disease outcome. A polygenic
risk score incorporates many genetic markers into a single score by ranking GWAS
results in order of significance using certain p-value thresholds. Subsequently, an analysis
is run on a discovery dataset to identify SNPs associated with the outcome of interest
(protective or harmful). Once each allele is given a measure of association, a polygenic
risk score can be calculated in a target dataset, where a weighted sum of the associated
alleles is applied to each individual in the dataset (Dudbridge 2013, Musliner, Seifuddin
et al. 2015). Polygenic risk scores can then be applied to find evidence of genetic effects
from markers that alone are not significant, and to investigate shared genetic contribution
in related disorders. This was done by the International Schizophrenia Consortium in
2009 which found genetic similarities between SZ and BP (Purcell, Wray et al. 2009,
Dudbridge 2013). Currently, the most common use for polygenic risk scores involves
testing genetic associations; however, as GWAS sample sizes grow, risk scores will have
more power to predict risk for outcomes of interest (Dudbridge 2013).

The use of polygenic risk scores has been exceptionally useful in studying psychiatric

disorders. In particular, Purcell et al. performed a GWAS of 3,322 SZ cases and 3,857



controls, and used risk scores to provide evidence that SZ is polygenic, and thousands of
non-significant alleles could collectively increase risk of SZ. In the analysis, an
independent sample was used to determine the relationship between SNPs and SZ. Using
a subset of 74,062 SNPs, individuals in the target dataset were given a score. In this
sample, higher polygenic risk scores were associated with SZ diagnosis; a higher mean
polygenic risk score was seen in cases when compared to controls. In addition, in two
independent samples, a polygenic risk score for SZ was associated BP diagnosis. This
overlap suggests that BP and SZ might have shared genetic components. To verify this
finding, Purcell et al. looked at the mean scores in cases and controls of non-psychiatric
illnesses including coronary artery disease, type | and type 11 diabetes, hypertension,
Crohn’s disease and rheumatoid arthritis. When mean scores were compared to non-
psychiatric diseases, there was no association between score and disease diagnosis

(Purcell, Wray et al. 2009)

Ahn et al. also demonstrated that higher polygenic risk score comparisons were
associated with cases diagnosed with childhood onset SZ, when compared to full healthy
siblings. Using the 80 most significantly related variables from the 108 risk loci identified
by the Schizophrenia Working Group of the Psychiatric Genomics, 130 cases who met
DSM-IV criteria for SZ before the age of 13, were compared 103 to full healthy siblings
(Ahn, An et al. 2014, Consortium 2014). When the polygenic risk scores for cases and
controls were compared, individuals with childhood onset SZ had significantly higher
scores than their siblings (p< 4x107). In addition, Ahn et al. provided further evidence

that some psychiatric disorders may share similar genetic components. Using a set of
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SNPs published by the Psychiatric Genetic Consortium for ASD, an association between
score and SZ cases was significant at the GWAS level. This finding supports the theory

that this related set of disorders may share common markers.

Although many SNPs do not reach significance in GWAS and other large studies, there is
sufficient evidence that the collective effect of these common variants may play an
important role in risk of SZ (Purcell, Wray et al. 2009, Ahn, An et al. 2014). These
common variants in combination with larger CNVs explain a large portion of the genetic
contribution to SZ risk. In the proposed analysis, two association analyses will be
conducted with a population of 600 SZ cases and 508 controls. One will consist of a
discovery and target population created from the 1108 cases and controls, while the other
will use all SZ cases and controls as both the discovery and target dataset. Risk scores
will be created from the association analysis, for each individual, and the association
between polygenic risk score and case control status by gender and age of onset will be
studied. In addition, a discovery dataset of SZ cases and controls will be used to create
risk scores in a target dataset of BP cases and controls to study case control status by

gender and age of onset.

Methods

Data Source

Cases and controls were ascertained through the Epidemiology Genetics Program at the
Johns Hopkins University School of Medicine. Cases were identified between 1996-2007
using national advertisements in Jewish periodicals, the study website and Jewish

community and mental health organizations. Cases were interviewed by PhD clinicians



11

using the Diagnostic Interview for Genetic Studies and diagnoses were made by 2
research clinicians based on DSM-IV diagnostic criteria (Nurnberger, Blehar et al. 1994).
Family history of affected individuals was recorded. Controls were selected from 2003-
2007 and were screened for any lifetime psychotic illnesses. Further details on
recruitment of cases and controls have been previously published (Fallin, Lasseter et al.
2005, Goes, McGrath et al. 2015). The final sample contained 1554 observations: 600 SZ

cases, 446 BP cases and 508 controls.

Genetic Data

Plink (Plink 1.07) was used to investigate SNPs and calculate summary statistics. The
original sample contained 364,227 markers and had a genotyping rate of 0.99826
(Purcell, Neale et al. 2007). No Mendelian errors were detected at error rates above 0.1.
Two markers were excluded based on Hardy Weinberg Equilibrium at p<0.00001. No
individuals were removed for low genotyping. 706 SNPs were removed for failing the
allele frequency test with minor allele frequency greater than 0.01. No individuals were
removed for low genotyping. The final sample contained 363,519 SNPs and 1554

individuals; 600 SZ cases, 446 BP cases, and 508 controls.

Association and Risk Scoring of Target Dataset

Discovery and target datasets were created by randomly selecting half of all observations
for each dataset. Frequency distributions of sex, phenotype, affection, and age of onset
were verified by chi squared or t-tests, and were similar in both the discovery and target

datasets. To ensure that randomization was successful in the discovery and target
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datasets, a second randomization for a new discovery and target dataset was created. BP
cases were removed from the discovery and target datasets to analyze only SZ cases and
controls. An association analysis of the discovery dataset was performed in Plink to
compare allele frequencies between SZ cases and controls. Three p-value thresholds were
selected for generating polygenic risk scores: (thresholds). The natural log of the odds
ratio (OR) from the association analysis for any SNP that had an associated p-value of
<0.0001, <0.001 or <0.01, was used to create a polygenic risk score in the target dataset.
Each p-value threshold included all SNPs significant at the p-value; the risk scores
created from SNPs with a p-value <0.01, also included all SNPs that were significant at
<0.0001 and <0.001. One risk score was output for each individual in the target dataset;

this was repeated for each p-value threshold.

Risk scores from the target dataset were categorized into quartiles. Risk of case status by
quartile was analyzed using the lowest quartile as the reference group. All analyses were
performed at each p-value threshold. Univariate logistic regression in SAS (SAS
Institute, Cary NC) was used to analyze the association between case-control status and
sex or score. Multivariate logistic regression was performed to analyze the association
between case-control status and score, sex, and any possible interactions. Additionally,
among the cases, risk score was analyzed as a predictor of age of onset for the entire

population, stratified by sex.
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Secondary Analysis

In addition to creating risk scores for the target dataset, an association analysis was
performed on all SZ cases and controls as a means to increase power in the study. The
natural log odds of any SNP that had a p-value of <0.0001, <0.001 or <0.01 from the
association analysis was used to create risk scores for all SZ cases and controls. One
score was output for each individual in the dataset at each p-value threshold. The same

analyses from the target dataset were applied to the entire dataset.

Bipolar Analysis

In all previous analyses BP cases were removed to study associations between SZ cases
and score, sex, and age of onset. Previous studies have shown that SZ and BP may share
common risk alleles. We investigated this by creating a discovery dataset with all SZ
cases and controls and a target dataset with only BP cases and controls. The natural log
odds for each SNP with a p-value of <0.0001, <0.001, or <0.01 was used to create risk
scores in the target dataset of BP cases and controls. Risk scores were categorized into
quartiles. Quartiles were compared, using the lowest quartile as the reference group, to
determine increases in risk of case status by score. Univariate and multivariate logistic
regression were used to determine if BP cases were associated with higher scores or sex.
Interaction between sex, score quartiles and score as a continuous variable were
evaluated. Age of onset for BP cases was also investigated to determine any association
between risk score and age of onset. All analyses were conducted in SAS 9.4 (SAS

Institute, Cary NC).
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Results

Data Characteristics

The majority of the sample was male (53.7%, n=834) (Table 1). Of individuals affected
by SZ, 66.8% were male, while 43.9% of controls were male. The mean age of onset for
SZ was 20.1 for males and 20.4 for females; the mean age of onset for BP was 22.7 for

males and 24.7 for females. The sample contained genotypes for 364,227 SNPs.

SZ Analysis

The discovery and target datasets created each contained 777 observations. Once BP
cases were removed 554 observations remained. There were no significant differences
between frequencies of sex, age of onset and affection type at alpha = 0.05 (Table 2). A
second discovery and target dataset was created to confirm that randomization was
successful. Chi-squared tests, and t-tests confirmed that there were no significant
differences between the second discovery and target datasets. In the discovery dataset 36
SNP's were significant at the p-value threshold <0.0001, 343 SNPs were significant at
p<0.001 and 3842 were significant at p<0.01 (Table 3). Analyses were performed for the
target dataset for each p-value threshold. The mean score of the SZ SNPs at p<0.0001
was -0.033, -0.008 at <0.001 and -0.0006 at p<0.01, while the mean score of the controls
were -0.037 p<0.0001, -0.0105 and <0.001 and -0.00149 at p<0.01. The only statistically
significant difference between scores of the affected and unaffected were at p<0.01 using

alpha = 0.05.
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Score quartiles were compared using the lowest quartile as the reference group. In the
target dataset there was a trend of increasing odds per score quartile. At the p-value
threshold p<0.01, when comparing the highest quartile to the lowest quartile, the odds of
PZ phenotype increase by 86% (Table 4). Score as a continuous variable, and as a
categorical variable in quartiles, was associated with phenotype in a univariate logistic
regression model at p<0.01 (odds ratio 1.20 [95% confidence interval 1.03, 1.39]) (Table
5). Quartiles of score were associated with higher odds of SZ at both <0.0001 (OR: 1.07,
0.92-1.25) and p<0.001 (OR: 1.11, 0.96-1.29), but were not statistically significant.
Female sex was protective for SZ case status in a univariate model (OR: 0.42, 0.29-0.59).
Interaction terms between score and sex were assessed in a multivariate model but were
removed from the model because they were not significant. The final multivariate model
included score as a categorical variable and adjusted for sex. This model was repeated at
all three p-value thresholds. At p<0.0001 and P<0.001, higher quartiles and male sex was
associated with an SZ phenotype, however these estimates were not statistically
significant (OR: 1.06, 0.91-1.23; OR: 1.13, 0.97-1.31, respectively). At P<0.01, higher
quartiles of score and male sex were significantly associated with SZ phenotype (OR:
1.20 [1.03, 1.40]) (Table 6). In the analysis of age and score among individuals with SZ
phenotype, there was a trend where higher scores were associated with earlier ages of
onset, however this trend was only seen in females p<0.0001 and p<0.001, and was not

significant (Table 7).

Creating independent target and discovery datasets for the association analyses and score

creation limited the power of the analyses. To investigate associations of score, sex and
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age within the entire dataset, an association analysis was performed using all SZ cases
and controls. A statistically significant difference of mean scores was observed for all p-
value thresholds (Table 3). A comparison of the highest and lowest quartiles determined a
significant association between score quartile and SZ phenotype (Table 8). Ina
univariate logistic analysis, score was significantly associated with phenotype at
p<0.0001 and p<0.001 (Table 5). Quartiles of score followed this same pattern. At
p<0.0001, the OR for score quartiles was 2.25 (2.22, 2.87), and the OR at p<0.001, was
34.45 (22.53, 52.80). The final multivariate model for all SZ cases and controls included
score quartiles and sex. At p<0.0001 the adjusted OR for phenotype was 2.47 (2.17-2.82)
(Table 6). In the univariate analysis of age of onset among SZ cases, there was no
difference in age of onset observed between males and females. However, higher scores
were associated with earlier onset ages among females at p<0.0001 and p<0.001 (Table

7).

Bipolar Analysis

Association analyses were run on a discovery dataset of SZ cases and controls and
applied to a target dataset of BP cases and controls to create risk scores. Risk scores for
BP cases, at each p-value threshold, were significantly different from controls risk scores.
Using the first quartile as the reference group, each subsequent quartile was associated
with a higher risk of BP phenotype. When comparing the 4th quartile, to the first quartile,
the OR associated with BP phenotype is 4.06 (2.77, 5.95) (Table 9). This is also observed
in a univariate logistic regression model with phenotype and score. Continuous score, as

well as score quartiles, is associated with increased odds of BP phenotype. At p<0.0001
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there is a 58% increase in odds, per increase in score quartile (OR: 1.56, 1.40-1.78)
(Table 4). This significant increase in odds is also reported at p<0.001 (OR: 4.19, 3.52-
4.99) and p<0.01 (OR: 71.53, 40.02-127.86). The univariate model of phenotype and
score quartiles was the final model because neither age, sex, nor any interactions were
significantly associated with BP phenotype. Age of onset for BP cases did not differ by
score, however, age of onset did differ by sex, where females had a higher age of onset

than males (24.7 years and 22.7 years, respectively) (Table 6).

Discussion

SZ is a complex and heterogeneous disorder with a wide range of symptoms and severity.
As expected, the majority of SZ cases were male (66.8%), and the OR associated with
male gender in our sample was 2.57 (2.02, 3.29). This association estimate, for male
gender and SZ phenotype, is slightly higher than previously reported OR of 1.4
(McGrath, Saha et al. 2004), but consistent with findings that males are at slightly higher
risk for SZ. . The distribution of males and females in controls and BP cases were similar
(43.9% and 47.1%, respectively). We found no significant difference in mean age of
onset for SZ cases, despite the typical age of onset for SZ in women being approximately
5 years later, on average, then in men. A difference in mean age of onset between males
and females was seen for BP cases (22.7 years for males vs. 24.7 for females). This is

likely a characteristic of our sample rather than a trend for age of onsets of SZ and BP.

In the target dataset, the mean score differences between affected SZ cases and

unaffected controls are statistically significant at p<0.01 in the univariate analysis. The
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OR’s for score quartile and SZ phenotype at the p<0.01 threshold is 1.20 (1.03, 1.39),
while the OR’s for the p-value thresholds of p<0.0001 and p<0.001 are 1.07 and 1.11,
however are not significant. The association at p<0.01 is significant, while the
associations at p<0.001 and p<0.01 are not significant but show an increasing trend; each
increase in score quartile is associated with increased odds of SZ phenotype. This non-
significant trend is likely because the sample is underpowered as the total sample was
split into 2 datasets for this analysis. This trend is also seen in the entire SZ dataset,
where mean differences between affected and unaffected individuals are statistically
significant at all p-value thresholds. In addition, in the entire dataset the score quartile
OR’s increase dramatically as the p-value thresholds get larger in the univariate analysis.
The OR for score quartiles in the entire dataset at p<0.0001 is 2.52, while the OR at
p<0.001 is 34.49. This gives evidence that with a larger sample size with increased
statistical power, a significant association for the target dataset would be seen at lower p-
value thresholds. Additionally, when the highest quartile was compared to the lowest
score quartile in a univariate analysis, increased odds of SZ phenotype was observed at
p<0.0001 and p<0.001. Although these were not significant within the target dataset,
when all SZ cases and controls were used each score quartile above the reference group,
at each p-value threshold, was significantly associated with increased odds of SZ. This
indicates that at p<0.0001 and p<0.001, the target dataset was underpowered. At p<0.01,
in the target dataset, comparing the highest score quartile to the lowest score quartile

gives increased odds of 1.86 (1.15, 3.01).
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The target dataset also showed a trend of increased odds of SZ per score quartile in the
multivariate analysis. At p<0.0001 and p<0.001 the association was not significant,
however, at p<0.01 a one-unit increase in score quartile, adjusting for sex, was associated
with a 20% increased odds of SZ phenotype. It is likely that this association was not
significant at p<0.0001 and p<0.001 because the small sample size led to an
underpowered association. However, when multivariate regression was run on the entire
dataset, the association between score quartile and SZ phenotype, adjusting for sex, was
significant at p<0.0001 and p<0.001. At p<0.0001, each increase in score quartile was
associated with 2.47 times the odds of SZ phenotype. At p<0.001, each increase in score

quartile was associated with 33.47 times the odds of SZ phenotype.

There is a known association that SZ onset in women generally occurs at later ages than
in men. We investigated this trend to see if high scores were associated with earlier age
of onsets. Although no difference in age of onset between men and women existed in a
univariate model, we observed a trend that higher scores in women were associated with
younger ages of onsets in our target dataset (Figure 1). This trend was not seen in men. In
the whole dataset, at the thresholds p<0.0001 and p<0.001 there was a significant trend
among females, that higher scores were associated with younger ages of onset. This
supports the trend seen in the target dataset, and suggests that the trend may not have
reached significance because it was underpowered (Figure 2). No such trends were seen

in males, or between males and females among BP cases.
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It has been previously reported that SZ and BP may share common risk alleles. To
investigate this in our sample, we created discovery dataset of SZ cases and controls and
a target dataset of BP cases and controls. Using the lowest quartile as the reference
quartile, each subsequent quartile is associated with an increased odds of BP phenotype,
using SZ scores as predictors. The odds of BP phenotype increase 4.06 times when the
highest quartile is compared to the lowest quartile at p<0.0001. These odds increase to
91.75 when the p-value threshold p<0.001 is used. No odds ratio could be calculated for
p<0.01 because there were no BP cases in the lowest quartile, so it could not be used for
comparison. This agrees with previous research that SZ may share common risk alleles
with BP. These findings match the univariate logistic regression. Continuous scores for
BP cases all showed statistical significance, however, the OR’s for continuous score were
very high, likely due to the very high correlation between SZ scores and BP phenotype.
For this reason, scores were categorized into quartiles. Score quartiles at p<0.0001,
p<0.001 and p<0.01 had odds ratios which were significantly associated with BP
phenotype. At p<0.0001, an increase of one SZ score quartile was associated with 1.58
times the odds of BP phenotype (1.40, 1.78). At p<0.001, the odds of BP phenotype
increased by 4.19, and at p<0.01, the odds of BP phenotype increased 71.53. A
multivariate logistic regression was performed to adjust for sex, however sex was found
to not be an important predictor of BP phenotype and the final model was left as the

univariate model.

Strengths of the study include the use of genome-wide data; the sample contained

genotypes for 364,227 SNPs and a genotyping rate of 0.998. All SZ cases, BP cases and
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controls were selected from populations of Ashkenazi Jewish descent which allowed for
consistency in case evaluation and ensured that SZ cases were distinct from BP cases.
Additionally, selecting cases and controls from a single genetic background limits the

influence of population stratification.

Another strength of the study was the increasing strength of the analysis. Each univariate
and multivariate analysis was performed three times, on a dataset where scores were
created from SNPs significant at p<0.0001, p<0.001 and p<0.01. This allowed us to test
our hypothesis at varying significances and determine that trends were seen in all dataset
and were not associations of chance. Using a separate discovery and target datasets of
difference SZ cases and controls in addition to using a discovery and target dataset of all
SZ cases and controls allowed us to compare trends between risk score and SZ phenotype

despite the small sample size.

To create the discovery and target datasets, the sample size was split in half. Many trends
between scores and SZ phenotype, and scores and age of onset were seen at lower p-
values, but were not statistically significant because they were underpowered due to the
small sample size. To investigate these results, all SZ cases and controls were used as the
discovery and target dataset. The univariate and multivariate analyses of the entire dataset
followed the same trends seen in the target dataset, but were all statistically significant.
This high degree of association was expected because the same cases and controls were
used to make scores, however this allowed us to confirm trends seen in the target dataset

that may have been underpowered. Additionally, the sample includes cases and controls
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from Ashkenazi Jewish descent which may limit the applications of these findings to
other populations. Another limitation of this study is that ages of onset were not available
for each SZ or BP case. Approximately 17% of cases (SZ or BP) had missing information
for age of onset. Even with these limitations this analysis provides insight into the use of
risk scores to evaluate risk of SZ, and how SZ risk alleles may also confer a higher risk of
BP. There is biological plausibility for why females with higher scores have earlier ages
of onset for SZ, however further research is needed to determine is this trend is seen in

other populations.
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Figure 1: a: Scatterplot of score
and age of onset for all target
SZ cases at p-value threshold
p<0.0001, b: p-value threshold
p<0.001, c: p-value threshold
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Figure 2: a: Scatterplot of score
and age of onset for all SZ
cases at p-value threshold
p<0.0001, b: p-value threshold
p<0.001, c: p-value threshold



Table 1: Demographic information?

Male Female
Cases [N(%)] 611 (58.4) 435 (41.6)
SzP 401 (66.8) 199 (33.2)
BP° 210 (47.1) 236 (52.9)
Controls 223 (43.9) 285 (56.1)
Age of Onset [Mean (SD)] 20.8 (5.5) 22.2 (8.2)
YA 20.1 (5.1) 20.4 (6.7)
BP 22.7 (6.3) 24.7 (9.3)
SNPs 364227
Genotyping Rate 0.998296

aData from the Epidemiology Genetics Program at the Johns Hopkins

University School of Medicine

bSchizophrenia

°Bipolar

Table 2: Comparison of Discovery and Target Datasets

Discovery Data Set

Target Data Set

1 2 1 2

Cases
SZ 296 (49.3) 306 (51.0) 304 (50.7) 294 (49.0)
BP 225 (50.4) 223 (50.0) 221 (49.6) 223(50.0)
Controls 256 (50.4) 248 (48.8) 252 (49.6) 260 (51.2)

Sex

Male 418 (50.1) 423 (49.0) 416(49.9) 441 (51.0)
Female 359 (49.9) 354 (49.2) 361(51.1) 366 (50.8)
Age of 21.34 20.01 21.43 19.83
Onset (6.54) (5.81) (6.67) (9.19)
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Table 7: Univariate Analysis of Age

At P<0.0001 At P<0.001 At P<0.01
All Data Estimate 95% CI Estimate 95% CI Estimate 95% CI
Sex -0.22 -1.50 1.06
Continuous Score -4.12  -22.67 14.43 -61.35 -130.88 8.18 -12.96 -233.61 207.68
Score Quartiles -0.17 -0.75  0.40 -0.67 -1.55 0.21 -0.10 -1.05 0.84
Continuous Score by
Sex
Male 11.47 -10.95 33.90 -24.25 -106.19 57.70 101.47 -162.59 365.53
Female -35.31 -68.58 -2.04 | -146.47 -277.80 -15.14| -244.62 -648.01 158.76
Score Quartiles by Sex
Male 0.25 -0.45 0.95 -0.28 -1.31 0.75 0.30 -0.80 1.41
Female -1.01 -2.04  0.02 -1.55 -3.20 0.10 -1.04 -2.83 0.76
Target Dataset
Sex 0.72 -0.78  2.23
Continuous Score 2.90 -9.32 15.12 -28.40 -80.44 23.64 130.61 -48.01 309.23
Score Quartiles -0.10 -0.74 053 -0.37 -1.02 0.29 0.32 -0.32 0.95
Continuous Score by
Sex
Male 7.42 -5.10 19.94 -13.49 -72.76 45.78 76.07 -124.49 276.64
Female -11.66 -41.33 18.01 -52.69 -152.99 47.60 222.57 -130.51 575.65
Score Quartiles by Sex
Male 034 -0.33 1.01 -0.18 -0.92 0.55 0.18 -0.54 0.89
Female -1.19 -259 0.21 -0.73 -2.05 0.59 0.54 -0.71 1.78
Bipolar
Sex 1.98 0.10 3.85
Continuous Score 425 -23.80 32.31 11.01 -101.94 123.95 49.65 -304.01 403.32
Score Quartiles 0.04 -0.83 0.92 0.24 -0.83 1.32 1.02 -0.69 2.72
Continuous Score by
Sex
Male -6.54 -36.36 23.28 | -104.23 -227.31 1886 | -163.74 -552.68 225.20
Female 18.81 -29.93 67.54 143.77  -43.77 331.30 335.44 -255.49 926.37
Score Quartiles by Sex
Male -0.28 -1.27 071 -0.72 -1.97 0.52 0.16 -1.78 2.11
Female 0.36 -1.04 1.77 1.14 -0.56 2.84 1.89 -0.86 4.64
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