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Purpose: To investigate familial clustering of schizophrenia, bipolar 
disorder, and major depressive disorder.

methods: Combining data from a psychiatric case registry and Sta-
tistics Netherlands provided information on 4,673 affected probands 
and 18,692 matched population controls.

Results: Probands with schizophrenia had relative risks (RRs) for 
having a sibling with schizophrenia of 3.77 (95% confidence inter-
val (CI): 2.60–5.46) and with bipolar disorder of 1.79 (95% CI: 0.64–
4.96) as compared with a reference proband. Probands affected with 
bipolar disorder have an RR of 6.51 (95% CI: 2.60–16.29) for having 
a sibling with bipolar disorder and of 1.71 (95% CI: 0.71–4.14) for 
having a sibling with schizophrenia as compared with a reference 
proband. Probands affected with major depressive disorder also have 

increased risk for having a sibling with schizophrenia (RR: 2.04, 95% 
CI: 1.54–2.72) as compared with a reference proband, which was 
similar to the risk for having a sibling with major depressive disorder 
(RR: 1.91, 95% CI: 1.63–2.24) or bipolar disorder (RR: 2.06, 95% CI: 
1.18–3.60).

conclusion: Our findings suggest, as previous studies have, that risk 
across schizophrenia and bipolar disorder is considerably lower (two-
fold) than within diagnostic entities, whereas for major depressive 
disorder risk is similar within and across diagnostic entities.
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(affective disorders in schizophrenia families or vice versa) are 
increased as compared with a control population, though not 
as high as for concordant diagnoses (e.g., ref. 12). Still, many 
studies do not show an increased risk for BD among first-degree 
relatives of schizophrenia probands13–19 or an increased risk for 
schizophrenia among first-degree relatives of BD probands.18,20–24 
Yet recent studies support the view that a wide range of mental 
disorders cluster in families (e.g., refs. 2,25,26).

In this study, we investigated familial clustering in families 
of schizophrenia, BD, and major depressive disorder (MDD; 
OMIM# 608516) in the Dutch population and compared the 
results with previous findings.

mAteRiALs And metHOds
We used a cross-sectional design using two databases. The 
first database was that of the Psychiatric Case Register Middle 
Netherlands (PCR-MN),27 covering an urbanized region in 
the middle of the Netherlands. This case register records all  
contacts/consultations and diagnoses made in the specialist 
psychiatric health care. All psychiatric hospitals active in this 
region participate in the PCR-MN. All DSM-IV (Diagnostic and 
Statistical Manual of Mental Disorders, 4th edition)28 diagnoses 

intROdUctiOn
Recent population-based studies suggest that schizophrenia 
(OMIM# 181500) and bipolar disorder (BD; OMIM# 125480) 
share part of their genetic vulnerability.1,2 Several molecular 
genetic studies have indeed identified both shared and dis-
tinct genetic variants that are associated with these disorders. 
Examples of shared genetic variants are DISC1,3 ZNF804A,4 and 
polygenic variation in genome-wide association studies.5 Six 
of eight of the most robustly associated loci for either schizo-
phrenia or BD show cross-disorder effects.4 However, another 
cross-disorder genome-wide analysis of schizophrenia, BD, 
and depression did not find genome-wide significant evidence 
of cross-disorder effects.6 Although increasing literature cites 
overlap of these disorders based either on findings of genome-
wide association studies or studies of endophenotypes,7 familial 
coaggregation is a critical source of information on this issue 
and has not been conclusive.

Family studies on coaggregation of schizophrenia and BD 
have a long history, starting in the beginning of the previous cen-
tury8, followed by increasing numbers of studies in the seventh 
and eighth decade. Reviews of family, twin, and adoption stud-
ies (e.g., refs. 9–11) show that the risk for discordant diagnoses 
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on axis I and II made by the participating psychiatric hospitals 
are recorded in the PCR-MN from 1999 onward.

The cluster of schizophrenia and related psychosis was defined 
by a DSM-IV diagnosis of schizophrenia, schizophreniform, 
or schizoaffective disorder (DSM code 295.x), brief psychotic 
disorder (298.8), or psychotic disorder not otherwise specified 
(298.9). MDD was defined by a DSM-IV diagnosis of MDD, 
single (296.2x) or recurrent episode (296.3x), or depression not 
otherwise specified (311.00). BD was defined by having either 
a DSM-IV diagnosis of bipolar I (296.0, 296.4x, 296.5x, 296.6x, 
296.80) or bipolar II (296.89). All diagnoses made between 
January 2000 and January 2009 were included in the analysis.

The second database used was the parent–children database 
of Statistics Netherlands (Centraal Bureau voor de Statistiek, 
CBS). CBS is responsible for collecting and processing data in 
order to publish statistics to be used in practice, by policymak-
ers, and for scientific research in the Netherlands. CBS makes 
its data sets available for scientific research under the condi-
tion of strict confidence and without any identifying variables. 
In the parent–children database of the CBS, all Dutch inhabit-
ants have a record identifying their parents, as far as these are 
known to the Dutch civil registry. The percentage of identifi-
able parents decreases from 90% for children born after 1987 to 
about 0% for those born before 1947.

All cases with schizophrenia or related psychosis, MDD, or 
BD from the PCR-MN were linked to a record in the CBS based 
on the postal code, gender, and date of birth. Persons from the 
PCR-MN who cannot be linked to a record in the CBS either 
did not report an accurate address to the treating psychiatric 
hospital or had two or more hits with a record at the CBS.

Only cases for whom we could identify both parents and 
whose siblings were still alive and living in the area covered by 
the PCR-MN were included in the final analyses. In families 
with multiple cases, we randomly defined one of the affected 
siblings as the proband. For every sibling, we checked for 
records and diagnosis in the PCR-MN. Comorbid cases who 
received diagnoses from both the schizophrenia and BD diag-
nostic cluster were grouped in either of these clusters based on 
the most recent diagnosis. A comorbid diagnosis of MDD was 
overruled by a schizophrenia or BD diagnosis. In addition, we 
calculated for all cases the age at first diagnosis for one of the 
DSM-IV diagnoses within a diagnostic cluster (schizophrenia, 
MDD, or BD).

A control group from the parent–children database of the 
CBS was matched to the probands based on age and gender. 
The control subjects were drawn from the population of people 
from the area covered by the PCR-MN and included only if we 
could identify both the mother and the father and if all siblings 
were still alive and living in the area covered by the PCR-MN. 
This group of controls included both affected and non-affected 
individuals and was four times the size of the total groups of 
affected probands combined.

We calculated the relative risks (RRs) for having an affected 
sibling using the population matched group of controls as a ref-
erence group. To investigate the association of age at diagnosis 

to familial clustering, we calculated the intraclass correlation 
coefficients for each diagnostic cluster by comparing differ-
ences in variance within and between families. We compared 
sex ratios in familial to sporadic cases using a χ2-test to investi-
gate the association of sex to familial clustering.

Analyses were performed using the Statistical Package for 
the Social Sciences (SPSS 14.0) and STATA (version 10.1). The 
level of significance was set to 5% and all tests were performed 
using two-tailed confidence intervals (CIs). Only crude RRs 
are presented.

ResULts
Using the postal code, gender, and date of birth, we were able 
to match 79.6% of cases from the PCR-MN to a record in the 
CBS database. Of the 20.4% that could not be linked, 11.9% gave 
more than one unique match and 8.5% gave no match to a record 
in the CBS database. Of those who were linked, we could iden-
tify both parents for 69.7% of the cases. After excluding families 
with irretrievable siblings, a final sample of 929 probands with 
schizophrenia, 3,425 probands with MDD, and 319 probands 
with BD remained. To the total of 4,673 affected probands, a 
group of 18,692 population controls was matched. In the groups 
of siblings with schizophrenia, 5 were removed from the group 
of siblings of probands with MDD and 13 from the group of sib-
lings of the control population for having received a more recent 
diagnosis of BD. In the groups of siblings with MDD, 1 was 
removed from the group of siblings of probands with schizo-
phrenia for having received a diagnosis of BD, 1 was removed 
from the group of siblings of the probands with BD for having 
received a diagnosis of schizophrenia, and 40 were removed 
from the group of siblings of the control population for having 
received a diagnosis of either schizophrenia or BD. In the groups 
of siblings with BD, 2 were removed from the group of siblings 
of probands with MDD and 10 from the group of siblings of the 
control population for having received a more recent diagnosis 
of schizophrenia. Details on the total remaining number of sib-
lings and the diagnoses of the siblings are given in Table 1.

The RRs are shown in Table 2. Probands affected with schizo-
phrenia have a significantly increased RR (95% CI) of 3.77 
(2.60–5.46) for having a sibling with schizophrenia as compared 
with a reference proband. The RR is 1.79 (95% CI: 0.64–4.96) 
for having a sibling with BD. Probands affected with BD have 
an RR of 6.51 (95 % CI: 2.60–16.29) for having a sibling with 
BD and of 1.71 (95% CI: 0.71–4.14) for having a sibling with 
schizophrenia as compared with a reference proband. Probands 
affected with MDD also have increased risk for having a sibling 
with schizophrenia (RR: 2.04, 95% CI: 1.54–2.72) as compared 
with a reference proband, which was similar to the risk for hav-
ing a sibling with MDD (RR: 1.91, 95% CI: 1.63–2.24) or BD 
(RR: 2.06, 95% CI: 1.18–3.60).

The relative frequencies of a diagnosis of schizophrenia, 
MDD, or BD in the siblings for each group of probands were 
not significantly different from the relative frequencies in the 
control population (Fisher’s exact P values: 0.404, 0.887, 0.098, 
respectively).
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Age at diagnosis clustered in families with schizophrenia 
(intraclass correlation coefficient: 0.57, 95% CI: 0.36–0.78) and 
even more strongly in families with MDD (intraclass correla-
tion coefficient: 0.78, 95% CI: 0.73–0.82). The intraclass cor-
relation coefficient for age of diagnosis in families for BD was 
0.78; however, the CI could not be calculated because of the low 
number of familial cases.

Sporadic schizophrenia cases had a non-significant lower 
proportion of males (69%) than familial cases (73%). Sporadic 
cases with MDD had a significantly lower proportion of males 
(35%) than familial cases (40%, P = 0.04). The proportion of 
males was higher in the sporadic cases with BD (45%) as com-
pared with familial cases (40%), although not significantly.

discUssiOn
We found a more than threefold increased risk for schizophre-
nia when the proband carries the diagnosis of schizophrenia 
and a more than sixfold increased risk for BD when the proband 
carries the diagnosis of BD. Also, we found lower, but non-
significant, increased risks across diagnoses, e.g., the risk for 
schizophrenia is 1.7 when the proband has BD and vice versa. 
Our risk estimates for schizophrenia are somewhat lower than 
recent studies in the Swedish,1 US,11 and Danish populations,2 
although the estimates show the same decrease (about twofold) 

for cross-wise schizophrenia–BD risk as compared with within-
diagnoses risk. Although the number of cases with BD in our 
sample was low and therefore results should be interpreted with 
care, our findings reiterate the fact that although there may be 
shared familial vulnerability between schizophrenia and BD, we 
and others find considerably lower risks (about twofold) across 
diagnostic entities.1,2,11

Of interest, for MDD, risk was similar within and across diag-
nostic entities. The shared vulnerability among schizophrenia 
and MDD supports earlier findings.2,18,29 However, we could 
not distinguish between genetic and environmental contribu-
tions to familial risks. This distinction is especially relevant for 
MDD, as it is more strongly affected by environmental factors 
than schizophrenia or BD.

Age at diagnosis was associated with familial clustering for 
schizophrenia and MDD and possibly for BD, which is in line 
with earlier findings that suggest that familial factors, which 
may be genetic, influence the age at onset of these disorders.30

The most important limitation of this study is that we had lim-
ited observations for calculating cross-wise schizophrenia–BD 
risk estimates. Therefore, we cannot conclude that the familial 
association is absent (we cannot reject the null hypothesis that the 
risk for BD in the siblings of schizophrenia families is the same 
as in the general population). With a larger sample size, this dis-
cordant RR may become significant. Our findings indicate that 
the cross-wise schizophrenia–BD risk is lower (about twofold) 
than the within-diagnostic risks, which is in line with previous 
findings. The low number of observations (in all cells) is a result 
of our including only probands of whom all siblings live in the 
area covered by the PCR-MN. Although this selection of fami-
lies could introduce a selection bias of families that did not move 
or were not otherwise lost, it circumvents an information bias of 
including families with (multiple) members of unknown status. 
Potential selection mechanisms, such as older siblings that may 
be more likely to have moved away and larger families having a 
higher chance of being excluded from analyses, have not neces-
sarily affected our results as they are present in both affected and 
control families. A potential bias may exist if BD patients move 
more often than schizophrenia patients. One study did report 
different numbers of patients that completed a residential move 
within 1 year: 25% of patients with BD, 20% with schizophrenia, 
and 16% with depression.31 This may have affected all families 
similarly, as we find a lower number of patients with BD in all 

table 1. Absolute number of probands and siblings for each diagnostic category

diagnosis of 
proband

number of 
probands

Age of 
probandsa

number of 
siblings

Age of  
siblingsa

Average  
number of 

siblings

number of 
siblings with 
schizophrenia

number of 
siblings with 

mdd

number of 
siblings  
with Bd

Schizophrenia  929 35 ± 9 1,755 34 ± 11 1.89 32  90  4

MDD 3,425 34 ± 10 6,544 34 ± 12 1.91 64 196 17

BD  319 37 ± 10   547 37 ± 11 1.71  5  27  5

Population 18,692b 34 ± 10 30,577 34 ± 12 1.64 171 560 45

BD, bipolar disorder; MDD, major depressive disorder.
aMean age ± s.d. on 1 January 2009. bOf whom, 106 probands suffered from schizophrenia, 396 from MDD, and 29 from a BD.

table 2. Relative risks (and 95% confidence intervals) for 
a proband affected with schizophrenia, MDD, or BD for 
having a sibling with one of these diagnoses as compared 
with a reference proband

diagnosis 
proband

diagnosis sibling

schizophrenia mdd Bd

Schizophreniaa 3.77 (2.60–5.46) 3.23 (2.61–4.00) 1.79 (0.64–4.96)

MDDb 2.04 (1.54–2.72) 1.91 (1.63–2.24) 2.06 (1.18–3.60)

BDc 1.71 (0.71–4.14) 2.83 (1.95–4.09) 6.51 (2.60–16.29)

Population Reference Reference Reference

BD, bipolar disorder; MDD, major depressive disorder.
aEstimates indicate the relative risks (and 95% confidence intervals) for a proband 
affected with schizophrenia for having a sibling with schizophrenia, MDD, or 
BD as compared with a reference proband. bEstimates indicate the relative risks 
(and 95% confidence intervals) for a proband affected with MDD for having a 
sibling with schizophrenia, MDD, or BD as compared with a reference proband. 
cEstimates indicate the relative risks (and 95% confidence intervals) for a 
proband affected with BD for having a sibling with schizophrenia, MDD, or BD as 
compared with a reference proband.
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groups. Because we used data from a specialist care registry, the 
MDD group may include more severe depressions.

Both genetic and environmental factors can contribute to 
familial risks. A potential environmental factor could be con-
tamination in diagnosis, as siblings may receive a diagnosis that 
is similar to their sibling for reasons not due to shared genes. 
The contribution of this phenomenon could not be addressed 
in our study, although it could be an important factor.

The strength of our study is that we used a registry-based sam-
ple of psychiatric patients. Therefore, there is no attrition bias 
introduced by nonparticipation because of lack of willingness or 
difficulty in locating participants, as is often the case in clinic-
based research. Further, our diagnostic classification may be 
more uniform than those of other population samples because 
of a limited area and time span used in our data collection.

Overall, our findings are consistent with other large popula-
tion-based studies, suggesting that schizophrenia and BD may 
share familial vulnerability, and risk for similar diagnoses is 
higher than across diagnostic categories. However, for MDD, 
risk was similar within and across diagnostic entities. These 
data as well as previous reports are consistent with a model in 
which there are underlying genetic or environmental factors 
that give rise to broad, as well as specific, familial vulnerabilities 
to psychiatric disorders.
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