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Objective: Growing evidence of an etiologic
overlap between schizophrenia and bipolar dis-
order has become increasingly difficult to disre-
gard. In this study, we examined paternal age,
urbanicity of place of birth, being born “small for
gestational age,” and parental loss as risk factors
for primarily schizophrenia and bipolar disorder,
but also unipolar depressive disorder and schizo-
affective disorder. Furthermore, we examined the
incidence of the disorders in a population-based
cohort and evaluated our results in the context of
the Kraepelinian dichotomization.

Method: We established a register-based co-
hort study of more than 2 million persons born in
Denmark between January 1, 1955, and July 1,
1987. Overall follow-up began on January 1,
1973 and ended on June 30, 2005. Relative risks
for schizophrenia, bipolar disorder, unipolar
depressive disorder, and schizoaffective disorder
(ICD-8 or ICD-10) were estimated by survival
analysis, using Poisson regression.

Results: Differences were found in age-
specific incidences. Loss of a parent (especially
by suicide) was a risk factor for all 4 disorders.
High paternal age and urbanization at birth were
risk factors for schizophrenia. Children born pre-
term had an excess risk of all disorders except
schizophrenia if they were born “small for
gestational age.”

Conclusions: An overlap in the risk factors
examined in this study was found, and the differ-
ences between the phenotypes were quantitative
rather than qualitative, which suggests a genetic
and environmental overlap between the disorders.
However, large gender differences and differ-
ences in the age-specific incidences in the 4 dis-
orders were present, favoring the Kraepelinian
dichotomization.
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S chizophrenia and bipolar disorder have been di-
chotomized since Kraepelin introduced a classi-
fication of psychotic symptoms more than 100 years
ago. However, growing evidence of an overlap between
schizophrenia and bipolar disorder has become increas-
ingly difficult to disregard. Most notably, genetic overlap
and familial co-aggregation of bipolar disorder and
schizophrenia have been shown in several studies,"™ and
consequently, classification theories alternative to the
Kraepelinian dichotomization have been proposed, espe-
cially in Europe.’ These include the continuum theory®™®
and the developmental theory.’

Studies of schizophrenia and bipolar disorder have
shown both overlap and differences in risk factors, but
most studies have only focused on either bipolar disorder
or schizophrenia. Risk factors studied are age of the fa-
ther, urbanicity of place of birth, being born small for ges-
tational age, and loss of a parent, which are risk factors
supposed to operate at different stages in life. However,
different conclusions have emerged, and a direct compari-
son between schizophrenia and bipolar disorder has not
been made. Advanced paternal age is a risk factor for
schizophrenia,'®!" whereas it is unclear whether the same
is true for bipolar disorder. Place of birth is a well-
established risk factor for schizophrenia in the way that
birth in a rural area is associated with a lower risk com-
pared to birth in an urbanized area.'” The risk of bipolar
disorder, on the other hand, is probably not affected in the
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same way.’ Being born small for gestational age has been
shown to be a risk factor for schizophrenia in some stud-
ies. However, in an extensive meta-analysis by Cannon et
al.,” no significant effect of being born small for gesta-
tional age was present. Little is known about being born
small for gestational age as a risk factor for bipolar dis-
order. Loss of a parent is believed to be a risk factor for
both schizophrenia'®'* and bipolar disorder,'*'"” although
mostly in connection with suicide of a parent. An often
used explanation of the increased risk associated with the
above-mentioned factors is selection of mothers and fa-
thers suffering from a psychiatric disorder,'® but a way to
account for this is to control for family history of psychi-
atric admission in all analyses.

The aim of this study was to make a description of inci-
dence (measured as incidence of first hospital contact) of
affective and schizophrenic disorders and test risk factors
that are supposed to operate at different stages of life. In
this study, we have chosen paternal age, place of birth
(both of which operate before conception), being born
small for gestational age (which most likely operates dur-
ing pregnancy), and parental loss (which operates during
upbringing) as risk factors for unipolar depressive disor-
der, bipolar disorder, schizoaffective disorder, and schizo-
phrenia, focusing on a comparison between bipolar disor-
ders and schizophrenia. Furthermore, the aim was to
make an evaluation of our results in the context of the
Kraepelinian dichotomization of bipolar disorder and
schizophrenia versus other explanations, by examining if
the selected risk factors influenced the risk of developing
bipolar disorder or schizophrenia differently.

METHOD

From the Danish civil registration system, we estab-
lished a cohort of more than 2 million persons.'”” We
linked this information to the Danish Psychiatric Central
Register,' from where we obtained information on inpa-
tient psychiatric treatment of all cohort members and their
parents and siblings (outpatient contacts included from
1995). From the Cause of Death Register, cause-specific
deaths of parents were acquired. Information on birth
weight and gestational age was obtained from the Danish
Medical Birth Register.” Linkage between registers
was made using the unique personal identification num-
ber assigned to all people living in Denmark.

Study Population

The population-based cohort comprised all individuals
born in Denmark between January 1, 1955, and July 1,
1987, with a known link to their mother in the register and
alive at their 18-year birthday. The overall follow-up be-
gan on January 1, 1973, and ended on June 30, 2005.
However, follow-up of cohort members did not start until
their 18th birthday and stopped at the day of death, emi-
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gration, or admission with the psychiatric disorder under
study (e.g., at first admission with a unipolar disorder
when unipolar disorder is the outcome), whichever came
first. A little more than 2.1 million persons were included
in the cohort. Mean time of follow-up was 16.2 years.

Information on gestational age and weight at birth was
only available from 1973 and onward, so a subcohort for
investigating the impact of being born small for gesta-
tional age was established limiting the cohort to persons
born in 1973 or later.

Assessment of Psychiatric Disorder and Risk Factors

Cohort members were categorized as suffering from
a psychiatric disorder if they were admitted to a psychiat-
ric hospital. The diagnostic system used until December
31, 1993, was ICD-8,° and from January 1, 1994, the
ICD-10* classification was used. From 1995, we also in-
cluded outpatient contact. The following diagnostic cat-
egories were used: unipolar disorder (ICD-8: 296.09,
296.29, 296.99, 298.09, 300.49, or 300.19; ICD-10:
F32 or F33), bipolar disorder (ICD-8: 296.19 or 296.39;
ICD-10: F30 or F31), schizoaffective disorder (ICD-8:
295.79 or 296.8; ICD-10: F25), schizophrenia (ICD-8:
295 [excluding 295.79]; ICD-10: F20). A cohort member
was categorized as having a family history of psychiatric
disorder if the father, mother, or sibling(s) had any admis-
sion to or outpatient contact with a psychiatric hospital.

Paternal age at birth of child was subdivided into 5-
year groups. We adjusted all relative risks for maternal
age in 5-year groups. This classification is similar to
that of Byrne et al.'’ and Malaspina et al."' Place of
birth was divided into 5 groups (Copenhagen, suburbs to
Copenhagen, larger cities with more than 100,000 inhab-
itants, smaller cities with more than 10,000 inhabitants,
and rural areas), similar to that of Pedersen et al.*>

Gestational age was divided into 2 groups: birth
before week 37 and birth within week 37 or later. In each
of the 2 groups, boys and girls in the lower 10% of
birth weight (cut points: girls preterm = 1335 grams,
boys preterm = 1375 grams; girls term = 2850 grams,
boys term = 2900 grams, respectively) were categorized
as small for gestational age. The rest were categorized as
not small for gestational age. Approximately 7.5% of the
1973 cohort had missing information on “small for gesta-
tional age.”

When examining all causes of death in parents as a
risk factor, we divided loss of a parent into 4 groups (loss
of a parent in the age group 0-5 years, 6-11 years, and
12—17 years and no loss of parent before the age of 18),
and into 3 groups when we examined cause-specific
death of the parents (loss of parent from unnatural cause
of death before the age of 18, from natural cause of
death before the age of 18, and no loss before 18 years
old). Unnatural death comprised suicide, accidents, and
homicide.
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Figure 1. Age-Specific Incidence of Admission With Unipolar Depressive Disorder*
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*Adjusted for calendar time. Vertical lines represent 95% confidence intervals.

Figure 2. Age-Specific Incidence of Admission With Schizoaffective Disorder*
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*Adjusted for calendar time. Vertical lines represent 95% confidence intervals.

Statistical Analyses

We analyzed data as a cohort study with survival
analysis techniques, using Poisson regression with the
logarithm of the person-years as an offset. This method
approximates a Cox regression when analyzing large data
sets.”? Using a Poisson regression and person-years
takes into account the different lengths of follow-up in the
cohortees. The GENMOD procedure in SAS version 9.1
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(SAS Institute Inc., Cary, N.C.) was used. All relative
risks were adjusted for gender, calendar time (1973-1974,
1975-1979, 1980-1984, 1985-1989, 1990-1991, and
1992-2005 in 1-year groups), and age in 5-year groups.
Furthermore, an adjustment was made for the variables
family history of psychiatric admission, place of birth,
maternal age, paternal age, and loss of a parent according
to the above-defined groups. Relative risks were calcu-
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Figure 3. Age-Specific Incidence of Admission With Schizophrenia®
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Figure 4. Age-Specific Incidence of Admission With Bipolar Disorder*
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lated by log-likelihood estimation and confidence inter-
vals by Wald’s test. All risk factors were tested for inter-
action with family history of psychiatric admission, but
analyses revealed no interaction on a multiplicative scale.
Population-attributable risk (or fraction) was calculated,
measuring the percentage of all cases in the population,
which would not have occurred if the specific risk factor
had not been present.”
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RESULTS

Overlap

During the follow-up period, approximately 35
million person-years were observed, and 31,752 persons
(women = 19,394; men = 12,358) were recorded as having
unipolar disorder. A total of 4490 persons (women = 2444;
men = 2046) had bipolar disorder, 2115 (women = 1108;
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4592; men = 8705) were re-

13,297 (women
corded as having schizophrenia. There was an

men = 1007) had schizoaffective disorder, and
overlap between the admission groups. Espe-
cially persons admitted with schizoaffective dis-

order had previously been admitted with schizo-

phrenia (38.0%), bipolar disorder (26.2%), and/
or unipolar disorder (35.9%). The listed percent-
ages add up to more than 100%, because the 3
admission groups are not mutually exclusive.
Thirty-two percent of persons admitted with bi-

polar disorder had previously been admitted with
unipolar disorder. A smaller overlap of approxi-
mately 2% to 10% was present between the other

illnesses.
Incidence

Women had a much higher incidence of uni-
polar depressive disorder compared with men

(Figure 1), but the genders were equally distrib-

uted in the schizoaffective disorder group (Fig-
ure 2). The incidence of schizophrenia was more

than twice as high in men as in women. A peak

occurred in men aged 20 to 25 years (Figure 3).
In contrast to this, women had a higher incidence
of bipolar disorder in all age groups compared
with men. Bipolar disorder had a steadily in-
creasing incidence with age in both men and

women (Figure 4). Overall, schizophrenia peak-

ed at an earlier age than bipolar disorder.

Family history of psychiatric admission was
associated with a highly elevated incidence and

Risk Factors

risk in the 4 disorders, but no interactions with

the examined risk factors were found on a multi-
plicative scale. That is, risk factors had the same

pattern of influence on cohortees with or without
a family history of psychiatric admission, but

cohortees with a family history had a generally

higher risk for the disorders.

Paternal age had no influence on the risk of
unipolar disorder. A slightly increased risk for bi-
polar disorder was present if the father was 51 to

55 years old. In schizophrenia, a linear trend to-

of the father (Table 1). The attributable risk of
paternal age was almost O for unipolar disorder
but approximately 10% in the other disorders

Place of birth had none or only little influence
on the risk of unipolar disorder, but being born in

(Table 2).
a rural area was associated with a slightly lesser

ward higher risk was present with increasing age
risk. A small, increased risk for bipolar disorder
was associated with being born in Copenhagen
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or other larger cities compared with rural areas, and this
tendency was even more pronounced in schizoaffective
disorder. In schizophrenia, there was a trend toward a
higher risk associated with higher degree of urbanization.
Being born in Copenhagen was associated with a dou-
bling of the risk of schizophrenia compared with birth in a
rural area (Table 1). Attributable risk of place of birth was
approximately 4% in unipolar disorder, but increasing
over bipolar disorder and schizoaffective disorder, to 24%
in schizophrenia (Table 2).

Being born small for gestational age was associated
with a higher risk for all disorders except schizophrenia
for children born preterm. We found no increased risk as-
sociated with being born small for gestational age for
children born at term (Table 3). Attributable risk of small
for gestational age was diminutive for unipolar disorder
and bipolar disorder (Table 2).

Loss of a parent had similar patterns of excess risk for
all 4 disorders irrespective of age of the proband at the
time of loss (Table 1). We also made separate analyses
that showed that loss of a mother was a stronger risk fac-
tor than loss of a father (data not shown). A subdivision of
the cause of death in the deceased parent showed that loss
of a parent because of unnatural causes was associated
with a higher risk than loss of a parent from natural
causes, and this pattern was the same for all 4 disorders.
Loss of a parent by natural causes as a risk factor was only
significant for unipolar disorder and schizophrenia (Table
4). The exact same pattern emerged when we only exam-
ined cohortees without a history of family psychiatric ad-
mission (data not shown). Attributable risk for loss of a
parent was around 1% to 2% for all 4 disorders (Table 2).

DISCUSSION

Key Findings

A difference was found in age at first admission and
gender distribution of the 4 disorders. Risk factors dif-
fered for the 4 disorders and high paternal age as a risk
factor was most pronounced in schizophrenia. Urbaniza-
tion became increasingly strongly associated with out-
come, from virtually no difference in unipolar disorder to
a 2-fold risk of schizophrenia associated with birth in
Copenhagen (compared with a rural area). In children
born at term, small for gestational age was not signifi-
cantly associated with higher risk of the 4 disorders, but
preterm children had an excess risk of all disorders except
schizophrenia if they were small for gestational age. Loss
of a parent was a risk factor for all 4 disorders, especially
after unnatural death of a parent.

Comments and Comparison With Other Results

A Danish population-based study found an increased
risk of schizophrenia associated with advanced paternal
age (> 50 years). However, no monotonic linear trend was

J Clin Psychiatry 68:11, November 2007
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present, only a peak in the oldest fathers.'’ Two other stud-
ies found a monotonic linear trend with increasing pater-
nal age as a risk factor for schizophrenia.'** A population-
based study from Sweden also found a linear trend in
subjects with no family history of psychiatric admissions
but not in subjects with a family history.”’” Two possible
reasons for the increased risk of schizophrenia associated
with older fathers have often been pointed out: older fa-
thers may be a selected segment of the population with re-
spect to overall risk of mental disorders, or older fathers
have a higher mortality thereby causing adverse psycho-
logical problems for the child following loss of a parent.'®
As we have taken family history of psychiatric admission
and loss of a parent into account in our analyses, these are
not likely explanations of the peak in the oldest fathers
found in the present study. Moreover, most of the above-
mentioned studies suggest that de novo mutations in the
germ cells in the oldest fathers could be leading to the ex-
cess risk of schizophrenia. To our knowledge, no previous
population-based studies on paternal age as a risk factor
for bipolar disorder exist.

Urbanicity of place of birth has been shown to be a
solid proxy variable for urbanicity during upbringing,'
which makes this variable suitable for describing the risk
associated with urbanicity during upbringing. Urbanicity
has been shown to be associated with schizophrenia in
many studies,'>*** but no effect was found in bipolar dis-
order or affective disorder (including bipolar disorder) in
Danish population-based studies.****' In our study, the as-
sociation with bipolar disorder was much less prominent
than with schizophrenia. Urbanization has been linked to
schizophrenia since the 1930s; however, the cause of the
increased risk is still unclear. Social isolation, drift of indi-
viduals who develop schizophrenia toward the city, nutri-
tion, drug abuse, or a higher exposure to influenza have
been proposed explanations.*® More recently, risk factors
related to the family have been examined®”; however, no
conclusive evidence of an environmental or genetic origin
of the excess risk associated with urbanicity has been
found.

A meta-analysis by Cannon et al.”® including 5 studies
on small for gestational age revealed a nonsignificantly
increased risk in relation to schizophrenia. In our study,
we had more statistical power to detect a slightly in-
creased risk, but we did not find a statistically significant
association with schizophrenia. Only when we examined
persons without a family history of psychiatric admission
was a significantly increased risk for schizophrenia found
(data not shown). In the study by Eaton et al.,** small for
gestational age was examined in relation to urbanization.
They found an increased risk of “light for age” in schizo-
phrenia and a negative association with affective psycho-
sis, although the results were not statistically significant.
We found no population-based studies with bipolar disor-
der as the outcome, but an Irish case-register study found
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no association between bipolar disorder and obstetric
complications in general.*?

A Danish study found that parental death by suicide
was a risk factor for schizophrenia in the children later
in life, whereas no association with parental death by
natural causes was found.'® The same tendency emerged
in bipolar disorder in a similar Danish population-based
study.” In a case-control study conducted at an Israeli
hospital, increased risk of major depression, bipolar dis-
order, and schizophrenia was observed for probands who
experienced early parental loss. The increased risk of ma-
jor psychiatric disorders following parental loss has often
been described as a proxy measure of other problems in
the family.'* However, we also found an increased risk in
families with no history of psychiatric admission. Death
of a parent by natural causes was a risk factor, although
not significant for bipolar disorder and schizoaffective
disorder, and not as prominent as death of a parent by
unnatural causes. However, these results indicate that pa-
rental loss in itself is a risk factor for all 4 disorders.

Dichotomization or Not?

There was an overlap between the 4 diagnostic groups
studied, since risk factors were shared between the dis-
orders. Risk factors operating both before and after con-
ception were more or less shared. Furthermore, persons
suffering from schizoaffective disorder had a tendency to
accumulate diagnoses of bipolar disorder and schizophre-
nia prior to their schizoaffective disorder diagnosis, indi-
cating the existence of persons displaying a phenotype
“between’ bipolar disorder and schizophrenia that is diffi-
cult for clinicians to classify. These observations could in-
dicate that the dichotomization should be reconsidered.
We therefore evaluated the results on the basis of alterna-
tive explanation.

The developmental model, as proposed by Murray
et al., suggests that certain susceptibility genes are shared
between bipolar disorder and schizophrenia, and these
genes predispose an individual to psychosis in general;
other genes/environmental factors may act on this back-
ground resulting in schizophrenia, but in the absence of
these additional genes/environmental factors, a pathway
toward bipolar disorder is the result.” Our results were not
in conflict with this hypothesis since the susceptibility
genes shared between bipolar disorder and schizophrenia
should result in some common risk factors due to genes
acting before conception (in our study, age of the father,
e.g., by de novo mutations in the germ cells) and some
acting only on the risk of schizophrenia (in our study,
place of birth). According to the model, some environ-
mental factors during pregnancy and childhood should
only be risk factors for one of the disorders and some for
both disorders (in our study, parental loss). In the present
study, the risk factor profile for schizoaffective disorder
had a tendency to be a mixture of the risk factor profile for
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bipolar disorder and schizophrenia (where differences
were found), indicating that schizoaffective disorder may
be genetically linked to both and share the same suscepti-
bility genes, as a study (in the same cohort) of family ag-
gregation of bipolar disorder, schizophrenia, and schizo-
affective disorder also suggested.'

The continuum model® assumes the major psychiatric
disorders to be a continuum from unipolar disorder, to bi-
polar disorder, to schizoaffective disorder, to schizophre-
nia, with increasing severity across the spectrum. When
considering this model, we would expect some risk fac-
tors to show the same dose-response characteristic, and
urbanicity especially shows that characteristic across the
diagnostic groups.

Along with evidence especially from family studies"*
and genetic studies,’ the agreement of our results with al-
ternative explanations to the Kraepelinian dichotomiza-
tion could justify a reconsideration of the dichotomization
of bipolar disorder and schizophrenia. However, the very
different gender distribution and differences in onset of
the disorders (despite the overlap in persons in the diag-
nostic groups) indicate that, at least for the time being, a
dichotomization should be upheld until further studies
have examined the differences.

Remarks About the Design

Three studies'®**** have validated the clinical diag-
noses of affective disorder and schizophrenia in the Dan-
ish Psychiatric Central Register against research criteria
diagnoses and found high agreement between them. Be-
cause cohort members were not older than 50 years (32
years when we examined small for gestational age) and
bipolar disorder had a later onset than schizophrenia, we
found lower rates of bipolar disorder compared with
schizophrenia than those reported in the literature.

CONCLUSION

An overlap in the risk factors examined in this study
was found, and the differences in terms of risk factors as-
sociating between the phenotypes were quantitative rather
than qualitative; that is, only the magnitude, and not the
direction of the risk factors, differed. This finding could
suggest a genetic and environmental overlap between the
disorders. However, large gender differences and differ-
ences in the age at onset in the 4 disorders were present.
Especially bipolar disorder and schizophrenia had differ-
ent patterns of age-specific incidence rates and gender
distributions.

Results were not conflicting when held up against
other models, but the huge differences in incidence could
indicate that the Kraepelinian dichotomization could be
upheld, not only in the clinical context, but also when
studying the causes of schizophrenia and bipolar disorder,
respectively.

J Clin Psychiatry 68:11, November 2007
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