
2312 Am J Psychiatry 161:12, December 2004http://ajp.psychiatryonline.org

Brief Report

Confirmation of Synergy Between Urbanicity and Familial 
Liability in the Causation of Psychosis
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Preben B. Mortensen, M.D., D.M.Sc.

Objective: This study replicated a previous report that there
may be substantial synergism between urbanicity (a proxy envi-
ronmental risk factor) and familial clustering of psychotic disor-
der (a proxy genetic risk factor).

Method: The amount of synergism was estimated from the ad-
ditive statistical interaction between urbanicity of place of birth
and family history of schizophrenia or family history of any se-

vere mental disorder in a population-based Danish cohort of
1,020,063 individuals.

Results: There was significant interaction between urbanicity
and family history; between 20% and 35% of individuals who
had been exposed to both of these risk factors had schizophre-
nia possibly because of their synergistic effects.

Conclusions: The results suggest that a substantial propor-
tion of the population morbidity force of schizophrenia may
be the result of gene-environment interactions associated
with urbanicity.

(Am J Psychiatry 2004; 161:2312–2314)

Urban birth and upbringing are associated with a
higher risk of developing schizophrenia (1), a finding that
undoubtedly holds part of the key toward unraveling its
etiology (2). Previous work has suggested that the effect of
this environmental influence is not independent of ge-
netic influences: one may interact synergistically with the
other, thus augmenting the other’s effects (3). We wished
to replicate this finding with a much larger sample in
which, similar to the previous study, urbanicity at birth
served as the proxy environmental risk factor and a family
history of schizophrenia, as the proxy genetic risk factor.

Method

Data from the Danish Civil Registration System were used to
obtain a large and representative data set of Danish people. Per-
mission was obtained, as required by law, from the Danish Data
Protection Board before initiating this study. We identified all
persons whose mothers were born in Denmark on April 1, 1935,
or later, who themselves were born in Denmark between Jan. 1,
1950, and Dec. 31, 1976, and who were alive and living in Den-
mark on their 25th birthday (1,020,063 people). The study popu-
lation and their mothers, fathers, and siblings were linked with
the Danish Psychiatric Central Register, which currently contains
data on all admissions to Danish psychiatric inpatient facilities
from April 1969 to December 2001. Furthermore, outpatient visits
to psychiatric departments were included from 1995.

Cohort members were recorded as having a history of schizo-
phrenia if they had been admitted to a psychiatric hospital or re-
ceived outpatient care with a diagnosis of schizophrenia or schizo-
phrenia spectrum disorder (ICD-8 code 295 or ICD-10 code F20)
before their 25th birthday. Parents and siblings were categorized
as having either 1) “schizophrenia” if they had been diagnosed with
schizophrenia (ICD-8 code 295 or ICD-10 code F20) or schizophre-
nia-like psychoses (ICD-8 codes 297, 298.39, 301.83 or ICD-10
codes F21–F29) or 2) “severe mental illness” if they had attracted a
diagnosis of schizophrenia as defined or a diagnosis of any mental
disorder in combination with inpatient care before the cohort
member’s 25th birthday. Data were analyzed with a cross-sec-

tional design evaluating outcome and covariates at each cohort
member’s 25th birthday.

Similar to our previous study (4), an original detailed 12-level
classification of urbanization was grouped into five categories: 5=
capital, 4=capital suburb, 3=provincial city with more than 100,000
inhabitants, 2=provincial town with more than 10,000 inhabitants,
and 1=rural area (Table 1). By place of birth, we are referring to this
five-level classification.

Biological synergism (coparticipation) between genetic liabil-
ity and environmental risk is thought to be common in multifac-
torial disorders such as schizophrenia (5). The classic problem,
however, is how coparticipation between causes in nature (bio-
logical synergism) can be inferred from statistical manipulations
with research data (statistical interaction), in particular with re-
gard to the choice of additive (change in risk occurs by adding a
quantity) or multiplicative (change in risk occurs by multiplying
with a quantity) models. It has been shown that the true degree of
biological synergism can be better estimated from—but is not the
same as—the additive statistical interaction (see reference 6).
This new method was recently applied to schizophrenia, showing
synergy between traumatic head injury and familial liability (7)
and between cannabis and psychosis liability (8). Details on how
biological synergism is calculated from the additive statistical in-
teraction has been described in detail elsewhere (6, 8, 9) and will
not be shown here.

We calculated the statistical additive interaction and estimated
from that the population amount of biological synergism be-
tween urbanicity and family history (see reference 6). This was
done by using the calculations developed by Darroch (6), requir-
ing a dichotomized measure of urbanicity (1, 2, 3=0 and 4, 5=1).
For all other analyses, including the additive interaction, the five-
category urbanicity measure was used. In order to calculate the
statistical interaction under an additive model, the BINREG pro-
cedure in STATA (10), which fits generalized linear models for the
binomial family estimating risk differences, was used to model in-
teractions between urbanicity and family history in the risk set.
Statistical significance of the interactions was assessed by Wald’s
χ2 test. Main effects were also expressed on the additive scale (i.e.,
as a risk difference rather than a risk ratio). Estimates of risk dif-
ferences were adjusted for sex and year of birth. Furthermore, es-
timates were inherently controlled for age as outcome, and cova-
riates were evaluated at each cohort member’s 25th birthday.
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Results

The risk of schizophrenia in this sample of 1,020,063
was 0.33% (N=3,364). The risk of a family history of schizo-
phrenia, as defined, was 2.0% (N=20,545), and the risk of a
family history of any severe mental illness was 16.2% (N=
165,654). There were significant effects of urbanicity
(summary risk difference linear trend over five categories:
0.062% (95% CI=0.054–0.071, p<0.001) and both family
history of schizophrenia (risk difference=1.57%, 95% CI=
1.39–1.76, p<0.001) and family history of any severe men-
tal illness (risk difference=0.54%, 95% CI=0.50–0.59).
There was a significant positive interaction between urba-
nicity and both family history of schizophrenia (χ2=6.47,
df=1, p<0.02) and between urbanicity and any family his-
tory of severe mental illness (χ2=32.76, df=1, p<0.0001).
These interactions were not reduced after adjustment for
age, sex, and the interaction between age and sex (family
history of schizophrenia: χ2=8.09, df=1, p<0.005; family
history of any severe mental illness: χ2=42.22, df=1,
p<0.0001). Stratified analyses revealed that the effect of
family history became progressively stronger as the level
of urbanicity went up (Table 1) and that between 20% and
35% of the individuals exposed to both urbanicity and fa-
milial liability had developed schizophrenia because of
the synergistic action of the two proxy causes.

Discussion

The results suggest that in accordance with our previous
work, a proxy genetic risk factor for schizophrenia inter-
acts synergistically with a proxy environmental risk factor
and that between a fifth to a third of individuals exposed
to both the environmental and the genetic risk factors at-
tract the disorder because of their coparticipation. This
estimate is an important quantity because it suggests that
by eliminating the environmental factor alone, a substan-
tial proportion of the genetic morbidity force in the gen-
eral population (the proportion that is codependent on
the environment to cause disease) will also be neutralized.

Until direct measurements of genes and environment
are available, the study of dual-exposure cells with proxy
measures can be helpful. Replication of the finding sug-
gestive of biological synergism between the two proxy risk
factors for schizophrenia that are represented by familial
risk and urbanicity may provide clues to the mechanism
underlying a substantial proportion of the prevalence of
schizophrenia in the population.
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TABLE 1. Interactions Between Urbanicity and Family History of Schizophrenia or Any Severe Mental Illness in a Population-
Based Danish Cohort of 1,020,063 Probands With Schizophrenia

Definition of Family History 
and Urbanicity Ratinga

Probands With a Family History Probands Without a Family History

Difference in 
Probands With and 
Without a Family 

History of 
Schizophrenia

Probands With Schizophrenia Probands With Schizophrenia

Summary Increase 
in Risk With One 
Unit Change in 

Urbanicity Rating

Summary Increase 
in Risk With One Unit 
Change in Urbanicity 

Rating

Total N N % % 95% CI Total N N % % 95% CI
Risk 

Difference 95% CI
Family history of any 

psychiatric hospitalizationb 0.13c 0.10–0.16 0.037c 0.029–0.045
Level 1 (lowest) 27,925 159 0.57 179,671 358 0.20 0.37 0.28–0.46
Level 2 62,002 401 0.65 339,993 690 0.20 0.44 0.38–0.51
Level 3 21,216 174 0.82 120,019 326 0.27 0.55 0.42–0.67
Level 4 15,722 157 1.00 72,774 210 0.29 0.71 0.55–0.87
Level 5 (highest) 38,789 406 1.05 141,952 483 0.34 0.71 0.60–0.81

Family history 
of schizophreniad 0.22e 0.09–0.35 0.054e 0.046–0.062
Level 1 (lowest) 3,266 47 1.44 204,330 470 0.23 1.21 0.80–1.62
Level 2 7,475 118 1.58 394,520 973 0.25 1.33 1.05–1.62
Level 3 2,548 55 2.16 138,687 445 0.32 1.84 1.27–2.40
Level 4 2,053 52 2.53 86,443 315 0.36 2.17 1.49–2.85
Level 5 (highest) 5,203 112 2.15 175,538 777 0.44 1.71 1.31–2.11

a Urbanization was grouped into five categories: 5=capital, 4=capital suburb, 3=provincial city with more than 100,000 inhabitants, 2=provin-
cial town with more than 10,000 inhabitants, 1=rural area.

b Relative had a diagnosis of schizophrenia, as defined in text, or a diagnosis of any mental disorder in combination with inpatient care.
c Significant additive interaction (test for significance of difference in increase in risk with one unit change in urbanicity rating between

proband groups with and without a family history of severe mental illness) (Wald’s χ2=32.76, df=1, p<0.0001). Approximate proportion of
individuals exposed to both urbanicity (urbanicity rating of level 4 or 5) and family history of psychosis who developed psychosis because of
the synergistic action of the two causes was 25%–36% (calculated according to the procedure described by Darroch [6]).

d Parents and siblings were categorized as “schizophrenia” if they had attracted a diagnosis either of schizophrenia (ICD-8 code 295 or ICD-10
code F20) or schizophrenia-like psychoses (ICD-8 codes 297, 298.39, 301.83 or ICD-10 codes F21–F29).

e Significant additive interaction (test for significance of difference in increase in risk with one unit change in urbanicity rating between
proband groups with and without a family history of schizophrenia) (Wald’s χ2=6.47, df=1, p<0.02). Approximate proportion of individuals
exposed to both urbanicity (urbanicity rating of level 4 or 5) and family history of psychosis who developed psychosis because of the syner-
gistic action of the two causes was 20%–27% (calculated according to the procedure described by Darroch [6]).
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Smaller Nasal Volumes as Stigmata of Aberrant 
Neurodevelopment in Schizophrenia
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Objective: Anatomical and functional deficits of the olfactory
neural system have been identified in patients with schizophre-
nia. Since olfactory structures develop in conjunction with both
the palate and ventral forebrain, the authors hypothesized that
schizophrenia patients might have structural abnormalities of
the nasal cavity, which could represent specific markers of em-
bryological dysmorphogenesis underlying schizophrenia.

Method: A measurement of nasal volume was acquired by
acoustic rhinometry for 40 male schizophrenia patients and 24
healthy male comparison subjects.

Results: The patients had smaller posterior nasal volumes
than the comparison subjects but did not differ in anterior na-
sal volumes. This difference persisted after covarying for height
and smoking history.

Conclusions: The lower observed posterior nasal volume likely
reflects a specific developmental craniofacial abnormality. This
finding confirms an early disruption in embryological develop-
ment in males with schizophrenia and may represent a genetic
or environmental “first hit” that leaves the individual vulnera-
ble to subsequent pathology.

(Am J Psychiatry 2004; 161:2314–2316)

Schizophrenia is thought to be a neurodevelopmental
brain disorder but without a clear etiology or pathogno-
monic biological markers. Neurodevelopmental disorders
(e.g., Down’s syndrome, velocardiofacial syndrome) often

include abnormalities of both cerebral and craniofacial
morphogenesis, as these are intimately linked during em-
bryological development. In schizophrenia, there is a
somewhat higher rate of gross midline abnormalities,

such as cleft palate and cavum septum pellucidum, and
inconsistent evidence of subtle craniofacial dysmorpho-
genesis (1). Studies in our laboratory have identified ana-
tomical and functional deficits in the olfactory neural sys-

tem in patients with schizophrenia (2–4). Since olfactory

structures develop in conjunction with both the palate
and ventral forebrain, we hypothesized that there might
be structural abnormalities of the nasal cavity, which
could represent specific markers of embryological dys-
morphogenesis underlying schizophrenia.

Method

We acquired volumetric and morphologic measurements of
each nasal cavity, using a Hood Laboratories Eccovision acoustic
rhinometer (Pembroke, Mass.) (Figure 1). Disposable silastic
nosepieces were used and selected for each individual on the ba-
sis of the size of the nasal aperture. A sterile water-soluble lubri-
cating jelly was swabbed around the edge of the nosepiece to cre-
ate a good seal, decreasing any potential interference of the


