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Objective: This study attempted to de-
termine whether a genetic protection
against cancer might be manifest in par-
ents of offspring with schizophrenia.

Method: Using data from the Danish
Central Population Registry, the authors
identified 1,999,072 parents of offspring
born after 1935. By linking this nation-
wide population-based parent cohort to
the Danish Psychiatric Central Register,
they identified 19,856 parents of off-
spring with schizophrenia. Follow-up for
cancer in the Danish Cancer Registry be-
gan on the date of birth of the oldest
child or April 1, 1969, and ended on the
date of cancer diagnosis, death, or Dec.
31, 1997, yielding a total of 48,343,430
person-years at risk and 211,681 cases of
cancer. The relative risk for cancer among
parents with schizophrenic offspring com-
pared to parents with no schizophrenic

offspring was estimated by Poisson re-

gression analysis and adjusted for age,
period, and number of children.

Results: The risk for all cancer was 1.01
for fathers and 1.00 for mothers of schizo-

phrenics. Mothers of schizophrenic pa-
tients had an increased risk of 1.20 for

lung cancer and a nonsignificant risk of
1.14 for tobacco-related cancers com-

bined. Apart from a reduced risk for leu-

kemia in both mothers and fathers of
schizophrenics, there was no difference in

risk for any other cancer.

Discussion: This study does not confirm

a previously reported reduced risk for
cancer in parents of schizophrenic pa-

tients and provides no support for genetic
protection against cancer in families with

schizophrenia.

(Am J Psychiatry 2004; 161:903–908)

It has been suggested that schizophrenic patients are
protected against cancer in general and against lung can-
cer in particular, despite the fact that these patients tend
to be heavy smokers (1, 2). The basis for this suggestion is
a number of reports of reduced mortality from cancer (2–
6) and more recent reports of a lower incidence of cancer
among schizophrenics than in the general population (7–
10). Various biological explanations have been proposed
to explain a possible dissociation between the two dis-
eases (11–13). For example, the lower cancer risk may be
due to an antitumor effect of phenothiazines (14, 15), to
which schizophrenic patients are often exposed for long
periods. Alternatively, the existence of a specific factor of
etiological significance for both schizophrenia and tumor
resistance has been proposed. One such mechanism might
be apoptosis (programmed cell death), and it has been
suggested that genetic predisposition to increased apop-
tosis due to alterations in the P53 gene could cause schizo-
phrenia by interfering with the normal pattern of brain de-
velopment and could also explain the reduced rates of
cancer in persons with schizophrenia (13).

In line with this argument, it has been speculated that
genetic predisposition to a reduced risk for cancer among
schizophrenic patients would also appear among their
first-degree relatives—and, indeed, reduced risks for sev-
eral types of cancer in both parents and siblings of schizo-
phrenic patients—when compared to the risk of the back-

ground population observed in a large population-based
study (16). However, one may argue that this approach
might introduce bias since parents might differ from the
background population in terms of cancer risk. To address
this hypothesis, we conducted a large, population-based
cohort study of the cancer risk of parents of children with
diagnosed schizophrenia using parents of offspring not af-
fected by schizophrenia as a comparison population.

Method

Study Population

Since 1968, all residents of Denmark have been recorded in the
Civil Registration System and assigned a unique personal regis-
tration number that contains their date of birth and sex. Individ-
ual information is kept under this identification number in all na-
tional registries, ensuring accurate linkage of information
between registries. This registration system also includes identifi-
able information on parents and offspring as well as information
on date of birth, sex, place of birth, and continuously updated in-
formation on vital status.

We extracted data for all 5,088,795 persons born on Jan. 1, 1935,
or later who were living in Denmark on April 1, 1968, or born be-
tween that date and Dec. 31, 1999. Additionally, 743,151 persons
born before 1935 were identified by linkage to their children born
after 1935; thus, all of these were parents, yielding a database of
5,831,946 persons. We then excluded 522 persons whose vital sta-
tus was unknown and 703,239 persons born outside Denmark,
leaving 5,128,666 persons.

From these, we extracted 2,831,589 who were registered as par-
ents. Furthermore, only parents whose children were over age 15
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at the termination of follow-up on Dec. 31, 1997, were included
based on the assumption that less than 1.5% of schizophrenia
cases develop before age 15 (17). Thus, the cohort of parents con-
sisted of 2,015,965 individuals who were all born in Denmark and
were alive on April 1, 1969 (from which date information on psy-
chiatric hospitalization is available), and who had children born
after Jan. 1, 1935, and before Jan. 1, 1983.

Identification of Parents and Offspring 
With Schizophrenia

Members of the parent cohort and their offspring were linked
to the files of the Psychiatric Case Register, which is a national
database that has been computerized since April 1, 1969, and
contains data on all admissions to Danish psychiatric inpatient
facilities and information from outpatient contacts since 1995
(18). There is no fee for psychiatric treatment in Denmark, and
no private facilities exist. The diagnostic system used during the
study period was the ICD-8 up until 1993 and the ICD-10 there-
after. Persons with any hospitalization with schizophrenia were
identified under ICD-8 code 295 and ICD-10 codes F20 and F25.
A total of 6,676 parents (0.3%) had been admitted for schizophre-
nia and were excluded from the parent database, leaving a total
of 2,009,289 parents. In all, 19,856 parents (1%) had one or more
offspring with a diagnosis of schizophrenia.

Identification of Cancer Cases

Parents in the cohort in whom a cancer had been diagnosed
were identified by linkage to the files of the Danish Cancer Regis-
try. Since 1943, the registry has collected information on all indi-

viduals in Denmark with cancer, including benign brain tumors
and urinary bladder papillomas (19). The registration is based on
notification forms that are completed by hospital departments
and practicing physicians whenever a case of cancer is diagnosed
or found at autopsy and whenever there are changes in an initial
diagnosis. The cases recorded manually are supplemented by
unrecorded cases revealed by the computerized linkages to the
death certificate files and the National Registry of Patients (20).
Ambiguous or contradictory information, either within a notifi-
cation form or between forms, leads to queries in approximately
10% of the notifications received. Comprehensive evaluation has
shown that the registry is 95% to 99% complete and valid (19, 21–
23). The cancers are classified according to the modified Danish
version of the ICD-7. A diagnosis of cancer (other than nonmela-
noma skin cancer) before the birth of the parents’ oldest child led
to exclusion of 10,217 parents (0.5%), leaving 1,999,072 parents
for analysis.

Data Analyses

Individual follow-up of the parents was begun on the date of
birth of their oldest child or April 1, 1969, whichever came last, and
ended on the date on which a cancer other than nonmelanoma
skin cancer was diagnosed (N=186,231, 9.3%), death occurred (N=
185,312, 9.3%), the person emigrated (N=23,007, 1.2%), the person
disappeared (N=355, <0.02%), or on Dec. 31, 1997 (N=1,604,167,
80.2%).

Poisson regression models were used to estimate the possible
effect of schizophrenia in a child on the cancer risk of the parents.
The analyses were performed with the SAS GENMOD procedure.
Ratios of incidence rates were used as a measure of relative risk.
The p values were based on two-tailed likelihood ratio tests, and
95% confidence intervals (CIs) were calculated from the maxi-
mum likelihood estimates.

Separate analyses were made for men and women, and adjust-
ment was made in all analyses for age, calendar period (in 5-year
categories), and number of children. The latter covariate was in-
cluded both for its relevance in breast cancer analysis but also be-
cause of the increased probability of having a child diagnosed
with schizophrenia with an increasing number of children. We
tested the influence of having a child with schizophrenia both as
an ever/never variable, with the exposure date defined as the date
of the birth of the child, and as a time-dependent variable, with
the exposure date defined as the date of the first diagnosis of
schizophrenia in an offspring. The choice of following up from
the time of birth of the oldest child was based on the hypothesis
that some genetic factor might be responsible for a different can-
cer risk in schizophrenics and thereby also in their first-degree
relatives, which would imply that the first-degree relative can be
considered to be exposed throughout life. The time-dependent
approach, however, reflected the cancer risk after a child has re-
ceived a diagnosis of schizophrenia. Also, as most of the earlier
findings of reduced risks in schizophrenic patients have been
made in male patients (7–10), we stratified the analyses by the sex
of the offspring into fathers or mothers of sons only, daughters
only, or both sexes.

Relative risks were calculated for all types of cancer combined,
for tobacco-related cancers combined (cancer of the buccal cav-
ity, esophagus, pancreas, larynx, lung, kidney, and urinary blad-
der [24]), and for a number of site-specific cancers. For all cate-
gorical variables, the category with the largest number of cases
was chosen as the reference.

Results

Follow-up of the cohort of 1,999,072 parents yielded a
total of 48,343,430 person-years at risk. Table 1 shows the

TABLE 1. Distribution of Cases of Cancer and Person-Years
at Risk in a Population-Based Cohort of Danish Parents,
1969–1997, by Schizophrenia Diagnosis in Offspring

Variable

Parents With 
One or More Offspring

With Schizophrenia 
(N=19,856)

Parents With 
No Offspring 

With Schizophrenia 
(N=1,979,216)

Number 
of Cancer 

Cases
Person-Years 

at Risk

Number 
of Cancer 

Cases
Person-Years 

at Risk
Total 2,645 500,320 209,036 47,843,109
Sex

Male 1,339 238,074 104,008 23,188,673
Female 1,306 262,245 105,028 24,654,435

Age (years)
10–34 48 70,831 6,553 10,992,934
35–44 245 128,173 24,623 14,096,999
45–54 655 150,065 52,451 12,278,985
55–64 891 102,964 63,327 7,078,257
65–74 633 40,860 47,531 2,828,191
≥75 173 7,422 14,167 567,737

Period
1943–1974 183 103,547 13,274 7,962,785
1975–1979 270 93,961 20,368 8,291,630
1980–1984 398 91,875 30,493 9,174,357
1985–1989 593 86,775 44,095 9,025,834
1990–1994 729 80,032 59,064 8,546,408
1995–1997 472 44,129 41,742 4,842,095

Number of 
children
1 765 102,042 85,735 15,053,117
2 905 192,212 77,670 20,912,331
3 590 129,309 32,798 8,769,802
4 269 51,118 9,539 2,349,738
≥5 116 25,623 3,294 758,119

Follow-up 
period (years)
≤9 422 194,268 33,603 19,429,713
10–19 942 179,498 76,216 17,826,729
≥20 1,281 126,553 99,217 10,586,668
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distribution of person-years at risk by selected descriptive
variables for the group of 19,856 parents with schizo-
phrenic offspring (exposed) and the 1,979,216 parents
with no schizophrenic offspring (unexposed). The mean
follow-up was 25.3 years (SD=5.6) for the women with one
or more schizophrenic children and 24.1 years (SD=5.6)
for the women with no schizophrenic offspring. The corre-
sponding mean follow-up time for men was 24.0 years
(SD=6.5) and 23.2 years (SD=6.1), respectively. The mean
age at the time of the first birth was no different in the two
groups of mothers—24.7 years (SD=5.6) for the women
with schizophrenic offspring and 24.7 years (SD=5.4) for
the women with no schizophrenic offspring—whereas the
fathers of schizophrenic offspring were slightly older at
the time of the birth of their first child compared to the fa-
thers with no schizophrenic offspring (mean age=28.3
years, SD=6.8, versus mean age=27.9, SD=6.4, respec-
tively). Among the parents with schizophrenic offspring,
18% had one child, 37% had two children, and 45% had
three or more children, whereas the corresponding pro-
portions were 26%, 44%, and 30% among the parents with
no schizophrenic offspring.

A total of 2,645 cases of cancer of all types were diag-
nosed among the parents of the patients with schizophre-
nia, whereas 209,036 cancers were diagnosed among the
parents without schizophrenic offspring (Table 1), corre-
sponding to an adjusted relative risk for all cancers of 1.01
for fathers (based on 1,339 cases) and 1.00 for mothers
(based on 1,306 cases) (Table 2). The results were no differ-
ent when exposure was applied as a time-dependent vari-
able, with adjusted relative risks of 1.00 (95% CI=0.92–1.07,

p=0.92) for the fathers and 0.97 (95% CI=0.89–1.05, p=0.43)
for the mothers (data not shown).

We observed an increased risk of 1.20 for lung cancer
and a similar increase of 1.14, albeit not significant, in the
risk for tobacco-related cancers combined in the mothers
of schizophrenic children, whereas the risks of the fathers
for both tobacco-related cancers combined and lung can-
cer were close to unity. The mothers of schizophrenic chil-
dren had a decreased risk for leukemia (relative risk=0.58),
with a similar reduction in fathers although not signifi-
cantly so (relative risk=0.73). The results were essentially
no different when the time-dependent exposure status
was applied (data not shown). In general, there was no dif-
ference when the analyses were stratified by the sex of the
offspring, although the increased risk for lung cancer ap-
peared to be confined to the mothers of schizophrenic
sons or of both sons and daughters (of which at least one
was schizophrenic) (relative risk=1.41, 95% CI=0.97–1.97,
p=0.05, and relative risk=1.24, 95% CI=0.88–1.70, p=0.17,
respectively). The mothers of schizophrenic girls only had
no increased risk for lung cancer (relative risk=0.97, 95%
CI=0.54–1.57, p=0.90) (data not shown).

Discussion

No difference in risk for cancer was found among the
parents of schizophrenic children when compared with
the parents of children without schizophrenia in this large
population-based cohort covering all of Denmark. The
only findings were of increased risk for lung cancer in
mothers and a tendency to a decrease in risk for leukemia
in both mothers and fathers of schizophrenic children.

TABLE 2. Risk for Cancer, by Cancer Type, in Parents of Children With a Diagnosis of Schizophrenia, Adjusted for Age,
Calendar Period, and Number of Children, in a Population-Based Cohort of 1,999,072 Danish Parents, 1969–1997

Type of Cancer
ICD-7 
Codea

Fathers Mothers

Number 
of Cases 

Observed

Risk, Relative to Risk 
in Fathers of 

Nonschizophrenic 
Offspring

p

Number 
of Cases 

Observed

Risk, Relative to Risk 
in Mothers of 

Nonschizophrenic 
Offspring

p
Relative 

Risk 95% CI
Relative 

Risk 95% CI
All 1,339 1.01 0.95–1.06 0.80 1,306 1.00 0.95–1.06 0.97
Tobacco-related cancersb 523 1.01 0.93–1.11 0.69 228 1.14 0.99–1.29 0.06
Lung 162 225 0.97 0.85–1.10 0.65 124 1.20 1.00–1.43 0.04
Stomach 151 44 0.94 0.69–1.25 0.68 17 0.93 0.55–1.45 0.76
Colon 153 87 0.97 0.78–1.19 0.77 70 0.87 0.68–1.09 0.12
Rectum 159 65 0.93 0.72–1.18 0.58 39 1.04 0.75–1.41 0.80
Liver 155 10 0.92 0.46–1.62 0.78 4 0.63 0.20–1.48 0.32
Prostate 177 117 1.04 0.86–1.24 0.69
Breast 170 361 1.00 0.90–1.10 0.93
Cervix of uterus 171 102 1.08 0.88–1.30 0.47
Uterus 172 63 1.04 0.80–1.32 0.75
Ovary 175 63 1.03 0.80–1.31 0.81
Melanoma 190 41 1.06 0.77–1.43 0.69 37 0.77 0.55–1.05 0.10
Other skin 191 238 1.07 0.94–1.21 0.31 177 1.03 0.89–1.19 0.68
Brain 193 43 0.97 0.71–1.29 0.83 42 0.98 0.71–1.31 0.89
Non-Hodgkin’s lymphoma 200, 202 41 1.19 0.86–1.60 0.27 20 0.81 0.51–1.23 0.34
Leukemia 204 26 0.73 0.48–1.05 0.09 12 0.58 0.31–0.97 0.04
a Modified Danish version of the ICD-7.
b Cancers of the buccal cavity (codes 140–148), esophagus (150), larynx (161), lung (162), pancreas (157), kidney (180), and urinary bladder

(181).
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This study took advantage of the virtually complete
population-based registries in Denmark, which contain
uniform, identifiable, continuously updated information
on births, psychiatric hospitalizations, cancer develop-
ment, and vital status. The strengths of this database are
that all exposures are recorded independently of the out-
come and that reporting is mandatory throughout the
country. Therefore, this study can be considered free of the
influence of recall bias. The classification and registration
of schizophrenia in the Psychiatric Case Register was as-
sumed to be comparable throughout the study period, al-
though the ICD-8 was used to classify diagnoses from 1969
to 1994 and the ICD-10 from 1994 forward. There have
been no reported differences in basic epidemiological
characteristics, such as sex, age, family history, and urban-
ization, of schizophrenics diagnosed in Denmark in the
two different periods (25, 26). With regard to cancer regis-
tration, the same classification system, a revised version of
the ICD-7, was implemented throughout the full period,
and the registry is considered highly valid (19, 21–23).

Moreover, the population-based nature of the material,
in combination with the cohort design, minimizes the ef-
fect of selection bias. The inclusion of outpatient informa-
tion was only possible from 1995 to 1997, but within the
data set, there was insufficient power to examine parents
of outpatients versus parents of inpatients separately. The
decision of whether a patient should be referred to in- or
outpatient treatment, however, does not rely on factors
relevant to cancer risk in the Danish health system, leav-
ing possible bias due to such selection minimal. Some de-
gree of misclassification of exposure might have been
present because we categorized parents as exposed from
the time of the birth of their child with schizophrenia on
the basis of the assumption that a familial association with
cancer risk would manifest throughout the life of a first-
degree relative. Some of the offspring would probably not
have survived long enough for schizophrenia to be diag-
nosed, and their parents would have been categorized as
unexposed throughout the follow-up. This misclassifi-
cation would probably result in a bias toward the null
hypothesis.

The only other study, to our knowledge, of the risk for
cancer in first-degree relatives of schizophrenic patients
was a population-based study in Finland of some 53,000
siblings and 40,000 parents of 27,000 schizophrenic pa-
tients (16). The authors reported a reduced incidence of all
cancers in both parents and siblings as well as in cancer of
the lung, breast, and uterus in mothers, colon cancer in
both mothers and fathers, and a nonsignificantly reduced
risk of prostate cancer in fathers when compared with the
rate of cancer in the general Finnish population (16).

We did not find a similar pattern of cancer risk in the
present study; several differences in design between the
two studies apply that could possibly account for the dis-
crepant results. First, we were able to follow up for cancer
at an individual level and thus to compare the parents of

schizophrenic patients with those of nonschizophrenic
children. We chose this comparison group on the basis of
the assumption that it is more suitable than the back-
ground population because only parents are at risk of hav-
ing a child with schizophrenia and, furthermore, parents
may resemble each other in some important respects. Sec-
ond, we compared only the rates of first primary cancers,
so that the risk estimates excluded an effect of persons
with a previous diagnosis of cancer who might be at in-
creased risk for cancer owing to the late effects of treat-
ment and shared risk factors. We explored the apparently
disparate results further by calculating standardized inci-
dence rates and corresponding 95% confidence intervals
based on the national age-, sex-, and calendar-period-
specific incidence rates of cancer, thus paralleling the
method used by the Finnish researchers. The results of this
method applied on the Danish data showed remarkable
similarities to the Finnish results. The risk for overall can-
cer was reduced significantly in both fathers (standardized
incidence rate=0.90, 95% CI=0.85–0.95) and mothers
(standardized incidence rate=0.91, 95% CI=0.86–0.96),
thus paralleling the Finnish findings of standardized inci-
dence rates of 0.93 (95% CI=0.90–0.96) and 0.89 (95% CI=
0.86–0.92) in fathers and mothers, respectively. When con-
sidering the site-specific risks, our results were generally
in line with the Finnish data demonstrating a comparable
reduced risk for the cancer sites mentioned (lung, breast,
uterus, colon, and prostate). This tendency to a reduction
of cancer risk in the parents of schizophrenic offspring in
comparison with the general population that is not appar-
ent when in comparison to other parents we attribute to a
positive effect of being a parent on cancer risk rather than
to being a first-degree relative of a schizophrenic patient.
This effect has been observed in cancer epidemiological
studies in which the parents of children with cancer were
found to have a tendency for a reduced risk for total cancer
and several specific cancer forms, e.g., lung cancer as well
as a reduced mortality for, for example, myocardial infarct
and myocardial arteriosclerosis, in comparison to the
background population, which is suggestive of a “healthy
parenthood effect” (27, 28). The healthy parenthood effect
is here used as the denotation of the selective processes
that lead to both the formation and maintenance of a fam-
ily life. It is probable that parents have a relatively health-
ier and more regular life style than the general population
(27, 28).

In the present analysis, we have not included informa-
tion on cancer risk in the siblings of schizophrenic pa-
tients. Only siblings born after 1935 could be included,
and because of their low mean age and thus their low
baseline risk for cancer, this would compromise the sta-
tistical power.

The hypothesis of a decreased risk for cancer among
first-degree relatives of patients with schizophrenia de-
rives from several observations of a reduced cancer risk
among schizophrenics (7–10), which might be explained
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by a genetically determined reduced susceptibility to can-
cer. However, the findings for cancer risk among schizo-
phrenics were also different in the Danish and Finnish
studies. In the Danish patients, a reduced risk for all can-
cers was observed among males (9), which was attribut-
able to reduced risks for cancers of the testis and skin
(including malignant melanoma), and cancers of the pros-
tate, colon, rectum, and lung also occurred at notably low
rates (9). Among Finnish schizophrenics, the risk for rectal
cancer was reduced, but the risks for cancers of the lung,
pharynx, gall bladder, and uterus were increased (16).
Both the Danish and Finnish cohorts were relatively
young: the Danish cohort comprised all schizophrenic pa-
tients first admitted in 1970–1987, and the Finnish pa-
tients were all born after 1940. In a new Danish study that
included all patients admitted with schizophrenia be-
tween 1969 and 1993 and followed up through 1995, the
risk for all smoking-related cancers combined was lower
in male schizophrenics and the risk for lung cancer was
nearly significantly reduced (standardized incidence rate=
0.82, 95% CI=0.65–1.02) (S.O. Dalton, doctoral thesis,
Copenhagen University, 2002). However, further analysis
of this finding indicated that the apparent protection
against lung cancer in these patients applied mainly to
older patients, who probably smoked less than younger
patients and less than the general population. The find-
ings of an increased risk for lung cancer in the younger
schizophrenics in the later periods of the study of the Dan-
ish cohort (S.O. Dalton, 2002) might correspond to the
Finnish findings of an increased risk of lung cancer in the
relatively young Finnish cohort (16), although we could
not make comparisons by age group or period. The in-
creased risk for cancer among Finnish schizophrenics and
the decreased risk in their first-degree relatives were inter-
preted as reduced cancer susceptibility, overridden by the
augmented risk behavior of persons with schizophrenia.
The findings of our study do not support the theory of a
genetic risk factor for both vulnerability to schizophrenia
and low cancer risk, expressed as a reduced risk for cancer
in the parents. In fact, the parents appeared to have no
consistently different pattern of cancer risk from other
parents.

The risk for leukemia seemed to be decreased in both
the mothers and fathers of schizophrenic children. The
risk for this type of cancer was not found reduced in previ-
ous Danish studies (7–9) or, to our knowledge, in any other
study of cancer risk in schizophrenics (10, 16, 29, 30). The
risk for leukemia was not evaluated in the Finnish study of
first-degree relatives (16). Because a large number of anal-
yses were performed, interpretation of this unexpected
finding must be cautious.

The finding of increased risks for lung cancer and for to-
bacco-related cancers combined in the mothers of schizo-
phrenic patients may probably be explained by a greater
frequency of smoking. An association between low birth

weight and risk for schizophrenia has been found consis-
tently in epidemiological studies (31–33), and heavy
smoking by mothers during pregnancy may be suggested
as an explanation for this association. Another hypothesis
suggests that a low prenatal vitamin D concentration is a
risk factor for schizophrenia (34). The mothers of schizo-
phrenic patients in the present study showed no reduction
in risk for malignant melanoma or nonmelanoma skin
cancer, and although this can only be considered an over-
all measure of accumulated exposure to ultraviolet radia-
tion, it indirectly weakens this hypothesis.

In conclusion, we were not able to replicate the previous
findings of a reduced risk in parents to schizophrenic off-
spring and ascribe this discrepancy to methodological rea-
sons. This large population-based study did not show a re-
duced risk for cancer among the parents of schizophrenic
patients and therefore offers no support for the hypothesis
of a genetically determined reduced risk for cancer in
schizophrenic patients.
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