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Background: Epidemiological studies indicate that having any family member with schizophrenia increases the risk
of schizophrenia in the probands. However, genome-wide association studies (GWAS) have accounted for little of
this variation. The aim of this study was to use a population-based sample to explore the influence of single-
nucleotide polymorphisms (SNPs) on the excess schizophrenia risk in offspring of parents with a psychotic, bipolar
affective or other psychiatric disorder.

Method: A nested case-control study with 739 cases with schizophrenia and 800 controls. Their parents and
siblings. Information from national health registers and GWAS data from the national neonatal biobank.
Results: Offspring schizophrenia risk was elevated in those whose mother, father or siblings had been diagnosed
with schizophrenia or related psychosis, bipolar affective disorder or any other psychiatric disorder. The rate
ratio was 9.31 (3.85; 22.44) in offspring whose 1st degree relative was diagnosed with schizophrenia. This
rate ranged between 8.31 and 11.34 when adjusted for each SNP individually and shrank to 8.23 (3.13; 21.64)
when adjusted for 25% of the SNP-variation in candidate genes. The percentage of the excess risk associated
with a family history of schizophrenia mediated through genome-wide SNP-variation ranged between —6.1%
(—17.0%;2.6%) and 4.1%(— 3.9%;15.2%). Analogous results were seen for each parent and for histories of bipolar
affective and other psychiatric diagnoses.

Conclusions: The excess risk of schizophrenia in offspring of parents who have a psychotic, bipolar affective or
other psychiatric disorder is not currently explained by the SNP variation included in this study in accordance
with findings from published genetic studies.
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1. Introduction

Classical epidemiological family (Mcgue et al., 1983; Mortensen et
al., 1999; Byrne et al., 2002), adoption (Kety et al., 1971; Ingraham
and Kety, 2000), twin (Cardno and Gottesman, 2000; Sullivan et al.,
2003), and sibling (Risch, 1990) studies consistently show that
schizophrenia is strongly heritable, which has lead to a concentrated
international research agenda designed to identify genetic factors
that influence susceptibility to schizophrenia. To date, more than
1600 studies have investigated more than 8000 polymorphisms and

Abbreviations: GWAS, genome-wide association studies; SNP, single-nucleotide
polymorphism; PCA, principal component analysis.
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950 candidate genes within the human genome (Human Genome
Sequencing Consortium, 2004) (http://www.schizophreniaforum.
org, accessed 14 July 2010) (Allen et al., 2008). Furthermore, at least
31 independent genome-wide linkage studies based on 3108 multiplex
schizophrenia pedigrees and 8.3 million genotypes have been carried
out (Konneker et al.,, 2008; Sullivan et al., 2008), and the International
Schizophrenia Consortium has found that a SNP-based polygenic score
captured up to ~3% of the variance in the schizophrenia risk
(International Schizophrenia Consortium, 2009).

With few exceptions epidemiological studies have used psychiatric
family history as the only measure of genetic liability (van Os et al.,
2008). Furthermore register-based studies from Denmark (Mortensen
et al,, 2010) and Sweden (Lichtenstein et al., 2009) indicate that the
risk of schizophrenia is increased in the offspring of parents who suffer
from a psychotic, bipolar affective or other psychiatric disorder, and the
evidence of an etiologic overlap between schizophrenia and bipolar dis-
order has been supported by genome-wide association studies
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(International Schizophrenia Consortium, 2009) and population-based
studies (Laursen et al., 2009; Lichtenstein et al., 2009).

Studies looking for genetic variants associated with an increased
risk of schizophrenia have been derived from genetically informative
families (e.g. multiplex families, affected sibling pairs) or from case-
control studies (Cichon et al., 2009; O'Donovan et al., 2009; Gejman
et al., 2010; Schwartz and Susser, 2010; Gershon et al., 2011). With
respect to multiplex families, a register-based study from Sweden
found that of all families groups affected by schizophrenia, only
3.81% had more than one affected individual (Lichtenstein et al.,
2006). Affected individuals included in case-control studies are usu-
ally derived from prevalent cases and estimates derived from genetic
studies may not generalize to the general population.

The challenge to recruit representative samples for genetic studies
has increased substantially in recent years, as studies have indicated
that very large samples are required to detect SNPs associated with
schizophrenia (Corvin et al., 2010). For example in a typical genome-
wide association study of schizophrenia, a sample with 6000 cases
and 6000 controls is required to obtain a statistical power of 80%
(Corvin et al., 2010). It is unlikely that population-based samples of
this size with both genome-wide data and psychiatric family history
will be available in the foreseeable future.

We had the opportunity to examine the impact of SNPs and family
history in a representative case-control sample that is nested within
the Danish population. Mindful that this study would only have sufficient
power to detect large effect sizes, we used the sample to model the influ-
ence of SNP on the excess schizophrenia risk in offspring of parents with
a psychotic, bipolar affective or other psychiatric disorder, where the
SNP-based information is given every chance to explain associations
with family history.

2. Materials and methods
2.1. Source of data and population-based registers

Data were obtained by linking Danish population-based registers
using the unique personal identification number assigned to all persons
living in Denmark and used across all national registration systems
(Pedersen et al., 2006). The Danish Civil Registration System (CRS)
was established in 1968 and contains information on gender, date of
birth, birthplace, nationality and parents' personal identification num-
bers (Pedersen et al., 2006). The Danish Psychiatric Central Register in-
cludes all admission dates and diagnoses according to the World Health
Organization eighth and tenth classification and covers all psychiatric
inpatient facilities in Denmark since 1969 as well as outpatient contacts
from 1994 onwards (Munk-Jorgensen and Mortensen, 1997). There are
no private psychiatric hospitals in Denmark and all treatments are free
of charge. The Danish Newborn Screening Biobank (DNSB) store dried
blood spots at —24 °C taken by heel pricks from infants born in Den-
mark after May 1, 1981 and cover close to 100% (Norgaard-Pedersen
and Simonsen, 1999; Norgaard-Pedersen and Hougaard, 2007). The
study was approved by the Danish Data Protection Agency.

2.2. Study population and statistical design

All singletons born in Denmark after May 1, 1981 who were regis-
tered in the DNSB and who had been diagnosed with an ICD-10F20
code for schizophrenia (World Health Organization, 1992) in the pe-
riod between 1994 and 2006 were identified in the Danish Psychiatric
Central Register. Using a nested case-control design (Clayton and
Hills, 1996), each case was matched with a randomly selected control
of the same gender and with the same birthday. A control was only
eligible provided he was born and resident in Denmark, not diag-
nosed with schizophrenia before the date the case was diagnosed,
and biological material was extractable from the DNSB. Parents and
maternal siblings were identified using the CRS. To minimize the

risk of confounding by population stratification, the sample was re-
stricted to native Danes, i.e. individuals born in Denmark whose
both parents were born in Denmark. Subsequently, cases and controls
from broken strata were re-matched into 732 strata conditioning on
gender while minimizing the absolute difference between the days
of birth.

2.3. Familial history of psychiatric disorder

From the Danish Psychiatric Central Register explanatory variables
were extracted indicating whether the subject's parents or siblings
had been diagnosed according to the hierarchy: 1) schizophrenia or re-
lated psychosis, 2) bipolar affective disorder or 3) any other psychiatric
disorder before the matching date (diagnostic details (Mortensen et al.,
2010)). Family history was also classified into two exclusive groups: 1)
schizophrenia narrowly defined as ICD-8(World Health Organization,
1967) codes 295 and ICD-10(World Health Organization, 1992) codes
F20 and 2) other psychiatric disorders. The procedure was applied to
each parent and sibling separately as well as all family members jointly.

2.4. DNA-extraction, genotyping and SNP-based risk factors

Genomic DNA was extracted from two dried blood spot punches
with a diameter of 3.2 mm (Hollegaard et al., 2007; Hollegaard et
al., 2009). To ensure sufficient DNA for genotyping, extracted material
was whole-genome amplified in triplicates using the REPLI-g mini kit
(Qiagen). Genome-wide scanning was performed using the Illumina
Human 610-Quad BeadChip array. The amplification protocol has pre-
viously been tested by comparing stored blood samples with contempo-
rary high-quality genomic DNA from the same eight individuals and
conflicts were observed in three per 10,000 genotype calls (Hollegaard
et al., 2009). To avoid selective genotyping biases, the genotyping was
performed consecutively on a matched-pair basis. SNPs on the X, Y and
mitochondrial chromosomes were removed. To ensure estimable rate
ratios, only SNPs with a minor allele frequency of more than 10 were
kept. Missing SNPs were imputed within loci based on the observed
allele frequency by assuming missingness at random (Rubin,
1976). Genotypes were coded as 2 (rare allele homozygous), 1 (het-
erozygote) and O (wildtype = most frequent homozygote).

Principal component analysis (PCA) or singular value decomposition
analysis is a statistical method commonly used in population genetics to
identify genome-wide structure by reducing the dimensionality of a
dataset (Patterson et al., 2006; Reich et al., 2008). The PCA technique
was used to generate principal components (PC) based on the dataset
indexed by individuals and polymorphic markers. PCs capture popula-
tion ancestry and the underlying genealogical history (McVean, 2009),
furthermore, previous studies have shown that PCA performs well
(Alter et al,, 2000; Holter et al., 2000; Khan et al.,, 2001; Gauderman
et al,, 2007; Ballard et al., 2010a; Ballard et al., 2010b). Furthermore, to
identify structure within candidate genes for schizophrenia, PCA was ap-
plied to a sub-dataset consisting of SNPs located within 50 kilobases
from exons in the top 39 candidate genes (PGBD1, NRGN, NOTCH4,
PDE4B, TCF4, DAOA, TPH1, HTR2A, RELN, MDGAT1, CCKAR, DRD4, DRD1,
APOE, DISC1, PLXNA2, GABRB2, AKT1, DRD2, SRR, PRSS16, HIST1H2B],
ZNF804A, AHI1, MTHFR, RPP21,DTNBP1, NRG1, RGS4, RPGRIP1L,
GRIK3, HP, COMT, OPCML, GRIN2B, PPP3CC,DAO, IL1B and SLC18A1) as
defined in the SzGene database [http://www.schizophreniaforum.org/
res/sczgene/default.asp (accessed 30 April 2010)] (Allen et al., 2008).
Linkage disequilibrium is expected to extend over at most 50 kilobases
(Clark et al., 2003).

2.5. Data analyses
Data were analysed using conditional logistic regression (King and

Zeng, 2002) with each case and its matched control forming a stra-
tum. Since the controls were selected randomly within the risk-sets,
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the estimated measures of relative risk are rate ratios (Borgan et al.,
1995). Standard Wald confidence intervals were used. All analyses
were done using SAS version 9.2.

Initially the risk of schizophrenia in relation to family history of
psychiatric disorder was assessed. These relationships were adjusted
for the effect of each SNP (additive in the number of copies of the rare
allele) separately and, in order to evaluate the modifying impact of
each SNP, plotted against the unadjusted effect of the particular SNP.

Subsequently, the associations between the risk of schizophrenia
and family history of psychiatric disorder were adjusted for the varia-
tion captured by each PC. A change-in-estimate strategy was used to
measure the percentage of the excess risk associated with family history
that was mediated through each PC (Freedman et al., 1992; Glymour,
2006). Each PC was divided into seven equal groups and entered in
the regression as categorical factors. Other categorizations were also
assessed. Bootstrap resampling was used to estimate upper and lower
confidence intervals and to adjust for overfitting (Davison and
Hinkley, 1997; Sauerbrei, 1999). To evaluate the impact of outliers, Z-
values (Armitage et al., 2002) exceeding + 3 were set to zero.

Lastly, the associations between the risk of schizophrenia and family
history of psychiatric disorders were adjusted for PCs obtained from
SNPs in candidate genes. Each PC was categorized in fifty equal groups
and included as continuous regressors. The intention in modelling the
PC as continuous regressors was to capture and adjust for a substantial
part of the variation in the candidate genes by adjusting for several PC's
simultaneously. To increase each PC's ability to reduce the impact of
family history, the direction of every categorization was selected, so
that the associated schizophrenia log-rate was positive. Other categori-
zations were also assessed. To determine whether values beyond a cer-
tain genetic threshold could modify the relationship with familial
psychopathology, a number of PC's were dichotomised five-hundred
times. The numbers of PC's were 1, 2, 3, 5, 10, 20, 50, 100, 500 and
1500 corresponding to five-thousand (=10+500) dichotomisations.
To capture a cumulative polygenic effect, a genetic susceptibility score
based on rate ratio associated with SNPs that were significant at the
p<0.5 level was constructed (International Schizophrenia Consortium,
2009; Speliotes et al., 2010). The references were chosen in homozy-
gotes that ensured a rate ratios> 1.

3. Results

In total, 739 cases with schizophrenia and 800 matched controls
were identified.

3.1. Schizophrenia risk and family history of psychiatric disorder

Table 1 shows rate ratios associated with family history of psychi-
atric disorder as well as the number of exposed subjects. In keeping
with previous findings (Dean et al., 2010), familial histories of psychi-
atric disorders were highly predictive of schizophrenia. For instance,
the rate ratio of schizophrenia in subjects whose 1st degree relative

had been diagnosed with narrow schizophrenia was 9.31 (95% confi-
dence interval, 3.85-22.44). The analogous rate for subjects with a
family history of schizophrenia or other psychoses was 3.90 (2.28-
6.67) and the rate associated with a family history of bipolar affective
disorder was 2.80 (1.80-4.34).

3.2. Family history adjusted for each SNP separately

Following the pruning steps, 547,071 SNPs were left for analyses.
A total of 542 SNPs were significant with a false discovery rate set
at 90% (Benjamini and Hochberg, 1995). Yet, 4735 SNPs increased
the rate ratio associated one allele copy with more than 50% and 29
SNPs conferred an increased rate of at least 500%.

Fig. 1 shows schizophrenia rate ratios associated with familial psy-
chiatric disorder (right column of Table 1) along the twenty-two au-
tosomes when adjusted for each SNP separately. The adjusted rates
associated familial schizophrenia or other psychoses range from
3.54 to 4.52. The analogous rates associated with familial bipolar af-
fective disorder and other psychiatric disorders range from 2.61 to
3.10 and from 2.58 to 2.96, respectively. Rates associated with narrow
schizophrenia varied within 8.31 to 11.34. Note, by comparing with
Table 1, that all SNP-adjusted rate ratios are well within the 95% con-
fidence intervals of the unadjusted rate ratios. Equivalent results
were obtained for rates associated with disorders in mother, father
and siblings (available on request). In summary, no SNP altered sig-
nificantly the excess schizophrenia risk associated with any measure
of family history of psychiatric disorder.

To evaluate the modifying effect of single SNPs, Fig. 2 shows rate ratios
for schizophrenia associated with familial psychiatric disorder adjusted
for each SNP plotted against the unadjusted log-rate ratio associated
with the particular SNP. A few SNPs with log-rate ratio exceeding +3
were not shown (rs1029145, rs11960716, rs12530617, rs17023957,
152745626, rs4149238, 154543153 and rs4625350). For these SNPs, the
adjusted rate ratios associated familial schizophrenia or other psychoses
were 4.09, 3.99, 3.89, 3.97, 3.90, 3.73, 4.24 and 3.87. For SNPs, where a
large rate ratio is not a chance finding, the impact on rates associated
with familial psychiatric disorder could be expected to be considerable,
but this is not seen in Fig. 2. Note that SNPs with significant deviation
from Hardy-Weinberg equilibrium in the controls are not excluded;
these SNPs are simply a subgroup of the shown SNPs in Figs. 1 and 2.

3.3. Familial history and genome-wide structure

Fig. 3 shows the percentage of the excess risk associated with fa-
milial history of psychiatric disorder mediated through or explained
by the genomic structure, as separately captured by each of the
1538 PCs. A total of 72 PCs were significant at the 5% level and 364
of the PC-groups conferred a rate increase of at least 50%. The per-
centages, which range from —6.12 (—22.54; 5.02) to 5.31 (—4.08;
18.01), were ordered by size. Negative percentages can be obtained
where an association with schizophrenia is lacking. Essentially the

Table 1

Rate ratios of offspring schizophrenia in relation to family history of psychiatric disorder among 739 cases and 800 matched controls (95% confidence intervals).
Diagnosis® Mother Father Siblings” Familial

N cases/controls Rate ratio N cases/controls Rate ratio N cases/controls Rate ratio N cases/controls Rate ratio
Schizophrenia or other 24/8 3.13(1.39-7.03) 25/11 2.69 (1.27-5.70)  15/2¢ 9.27 (2.08-41.4) 58/20 3.90 (2.28-6.67)
psychoses®

Bipolar affective disorder ~ 40/19 2.38(1.35-4.18)  27/9 391 (1.78-8.56) 19/8 3.52 (1.42-8.74)  70/35 2.80 (1.80-4.34)
Other psychiatric disorder ~ 59/35 2.02 (1.29-3.14)  79/25 419 (2.58-6.81) 80/44 2.20 (1.49-3.23) 153/84 2.71 (1.99-3.71)
No psychiatric disorder 616/738 1 608/755 1 625/746 1 458/661 1

2 None of the four sets of ratio ratios was statistical distinguishable across the three diagnostic categories (p-values: 0.63, 0.62, 0.15 and 0.48).
5 Adjusted for being an only child which apply to 88 cases and 61 controls resulting in a rate ratio of 1.83 (1.29-2.60).
€ Only 6 controls (40 cases) had a first-degree relative who had been diagnosed with a narrowly defined diagnosis of schizophrenia (ICD8 code 295 and ICD10 code F20) which

results in a rate ratio of 9.31 (3.85-22.44).

4 Based on only 2 controls with a sibling who had been diagnosed with schizophrenia or other psychoses i.e. interpreted with caution.
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Fig. 1. Rate ratios of schizophrenia in relation to family history of psychiatric disorder sequentially adjusted for each of the 547,071 SNPs separately based on 739 cases and 800

matched controls.

same results were obtained for disorders in mothers, fathers and sib-
lings, and both for other categorization and after outlier correction.
The analogous percentage of the excess risk associated with a family
history of narrow schizophrenia that was mediated through the geno-
mic PCs ranged between —6.09 (—16.95; 2.60) and 4.07 (—3.89;
15.23).
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3.4. Familial history and structure in candidate genes

Table 2 shows rate ratios for schizophrenia in relation to history of
familial psychopathology after adjustments for structure in the top 39
candidate genes. After adjusting for the first twenty PCs, which sum-
marize 24.9% of the genetic variation, the rate ratio associated with a

Schizophrenia Bipolar / Affective Other

25 T I

Log SNP Rate Ratio

Fig. 2. Rate ratios of schizophrenia in relation to familial history of psychiatric disorder separately adjusted for the 547,071 SNPs plotted against the log-rate ratio estimate associ-
ated with the particular SNP in an unadjusted model based on 739 cases and 800 matched controls.
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Fig. 3. The percentage of the excess rate ratio associated with familial history of psychiatric disorder mediated through genetic variation as separately captured by each of the 1538
principal components (categorized in seven equal groups) of the genome-wide SNP data with 547,071 markers and 1539 individuals. Upper and lower curves are 95% bootstrap-

based confidence intervals.

family history of schizophrenia or other psychoses is 3.85, which is in
close proximity to the crude rate (i.e. 3.90). The analogous rate is 3.72
after adjusting for the twenty PCs with the highest association with
the schizophrenia rate, while adjustment for both sets of PCs resulted
in a rate of 3.66. Note that each of the PCs is statistically significant
with p-values ranging from 0.00027 to 0.011. To reduce the risk of
overparameterising the model, no more than forty PC's were consid-
ered simultaneously. Across the five-thousand genetic threshold
models, the rate ratios in relation to a family history of schizophrenia
or other psychoses varied between 3.74 (2.18; 6.40) and 4.17 (2.41;
7.20) and the analogous rates for a family history of narrow schizo-
phrenia spanned between 8.88 (3.68; 21.44) and 10.95 (4.40;
27.23). The polygenic susceptibility score was based on 856 SNPs
and the associated rate ratios which range from 2.08 (1.21; 3.56) in
rs2919377 to 1.05 (0.91; 1.21) in rs2512713. While, the polygenic
susceptibility score was strongly significant with a x?; value of
140.38, it was no more informative than the PC-derived models.
Note that the impact of the score is presumably artificially inflated
(Powell and Zietsch, 2011), as the score was not obtained in an

Table 2

independent sample. Thus the score may only explain a negligible
fraction of the variation, e.g. up to 3% in a previous study
(International Schizophrenia Consortium, 2009). In our study, how-
ever, rate ratios of schizophrenia in relation to familial history of psy-
chiatric disorder will tend to be biased downward when adjusted for
the score.

4. Discussion

To the best of our knowledge, this study is the first to combine a
classical population-based epidemiological design with a genome-
wide association approach. The results suggest that the excess risk
of offspring schizophrenia in families affected by psychotic, bipolar
affective or other psychiatric disorder is essentially unchanged
when SNP-based variation is taken into account. The findings are
unchanged regardless of the inclusion of SNP-based variation based
on genome-wide analyses or within candidate genes. Furthermore
no single SNP altered the association between schizophrenia and fa-
milial history of psychiatric disorder.

Rate ratios of schizophrenia in relation to familial history of psychiatric disorder among 739 cases and 800 matched controls (95% confidence intervals). Based on 1848 SNPs located
within 50 kilobases from exons in the top 39 candidate genes, the ratios are adjusted for the twenty principal components that 1) explain most of the genetic variation, 2) the twen-
ty principal components which are closest related to case-control status, 3) the forty principal components combined and 4) adjusted for a polygenic score based on all SNPs with

p<0.5.

Crude? 1st adjustment”

2nd adjustment® 3rd adjustment? 4th adjustment®

Schizophrenia or other
psychoses

Bipolar affective
disorder

Other psychiatric
disorder

No psychiatric 1 1
disorder

3.90 (2.28-6.67) 3.85 (2.23-6.64)

2.80 (1.80-4.34) 2.76 (1.76-4.33)

2.71 (1.99-3.71) 2.74 (1.99-3.78)

3.72 (2.07-6.68) 3.66 (2.00-6.68) 3.85 (2.11-7.02)

3.00 (1.85-4.89) 2.97 (1.79-4.91) 242 (1.49-3.94)

2.93 (2.05-4.18) 2.91 (2.02-4.19) 2.58 (1.82-3.65)

1 1 1

2 Crude rate ratios signify adjustment for gender, age and calendar-time by matching. The crude rate ratio associated with a familial history of narrow schizophrenia (ICD8 code

295 and ICD10 code F20) was 9.31 (3.85-22.44).

b Adjusted for the twenty first principal components which explain most of the genetic variation. Each principal component was categorized in fifty groups and included in the
regression as a continuous variable. The analogous rate ratio associated with a narrow diagnose of schizophrenia was 9.02 (3.69-22.08).

¢ Adjusted for the twenty principal components which are closest related to case-control status (i.e. lowest p-value) when entered as a continuous variable in fifty categories. The
analogous rate ratio associated with a narrow diagnose of schizophrenia was 8.54 (3.37-21.59).

4 The previous adjustments combined. The analogous rate ratio associated with a narrow schizophrenia was 8.23 (3.13-21.64).

€ Adjusted for a polygenic score based on all SNPs with p<0.5. The analogous rate ratio associated with a narrow schizophrenia was 9.17 (3.41-24.68).
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It has proven difficult to identify genes that predispose to schizo-
phrenia (Sullivan, 2005; Crow, 2008; Sanders et al., 2008; Sullivan,
2008a; Sullivan, 2008b; Need et al., 2009; Dick et al., 2010; Gejman
et al,, 2010), and many explanations for the missing heritability
have been suggested (Manolio et al., 2009; Gershon et al., 2011).
Thus it is not surprising that our SNP-wise analyses did not alter the
excess risk associated with familial history of psychiatric disorder —
in particular when taking a resolution of only 547,071 SNPs and a
sample size of only 739 cases and 800 controls into account. Given
the recent interest a polygenic variant model for schizophrenia and
bipolar disorder (International Schizophrenia Consortium, 2009), it
is of interest to note that variation across the whole genome and
across candidate genes was no more informative than single SNPs in
this sample. It is noteworthy that this is also the case for family histo-
ry of narrow schizophrenia.

Our results should not be misinterpreted to suggest that common
genetic variants are irrelevant in the etiology of schizophrenia.
Modelling exercises (Wray et al.,, 2011) and expert opinion (Insel,
2010) suggest that very large sample sizes are required to confidently
identify sufficient common SNPs to explain a reasonable proportion
of the genetic architecture of psychotic disorders. It should also be
noted that the SNP arrays do not contain less common SNP variants
and that SNP arrays are suboptimal for detection of structural varia-
tion such as copy number variants (Bassett et al., 2010). Hence our
analyses cannot determine whether the mode of inheritance of
schizophrenia is polygenic with common disease variants or hetero-
geneous with rare private variants (Mitchell and Porteous, 2011).
Similarly, our study contributes little information relevant to the con-
jectured shared genetic liability between schizophrenia and bipolar
disorder beyond finding an excess schizophrenia risk in the offspring
of parents who suffer from these disorders (Laursen et al., 2009;
Lichtenstein et al., 2009). One may conjecture that the lack of corre-
spondence between family history and SNP's reflects the fact that fa-
milial aggregation represents a heterogeneous mix of genetic
variation, gene-gene and gene-environment interactions, something
that is not captured by individual SNP's or their linear combinations.

4.1. Strengths and limitations

The Achilles' heel of our study is that the large number of statistical
tests combined with the fact that genetic effects are likely to be subtle
may suggest a lack of statistical power (Corvin et al., 2010). Our purpose
was to evaluate whether the association between schizophrenia and fa-
milial history of psychiatric disorder is mediated through or partly
explained by genome-wide SNP variation within this National birth
cohort-based sample. Our approach is to make the strong, and perhaps,
false assumption that the observed genetic associations are ‘true’. Thus,
the SNP-based information is given every chance to explain associations
with family history, i.e., even when exaggerated by design, the potential
influence of our genome-wide data has only minor impact on the familial
risk for schizophrenia.

Cases were identified through the Danish Psychiatric Central Reg-
ister which relies on routine clinical diagnoses, and thus, phenotypic
misclassification is an issue of concern. Analogously, controls are
merely individuals who have not been registered with schizophrenia.
On the other hand, the Danish Psychiatric Central Register has high
diagnostic validity (Jakobsen et al., 2005), and it is unlikely that an
unregistered and randomly chosen person should suffer from schizo-
phrenia. Since familial history is assessed independently of caseness
and since the related rates are in keeping with previous findings
(Mortensen et al., 2010), it is even less likely that our sample is atyp-
ical. Note that the young age of the sample implies that the high risk
period has not been passed and that misclassification of family histo-
ry will reduce the statistical power.

In conclusion, this study finds that the excess risk of schizophrenia
in the offspring of parents who suffer from a psychotic, bipolar

affective or other psychiatric disorder is not explained by variation
across the analysed 547,071 SNPs. Our findings are consistent with
the emerging evidence about the genetic architecture of schizophre-
nia. SNP-based variation in even the largest samples is only able to
capture a small proportion of the family-mediated risk of schizophre-
nia. While our sample was small compared to recent case-control
studies, the ability to integrate the SNP-based variation within a
population-based sample of family history of several major psychiat-
ric disorders confirms the challenges that lie ahead.
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