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Objective: Genetic factors are the most
important risk factors for schizophrenia.
However, despite the fact that patients
with schizophrenia have significantly
fewer offspring than the general popula-
tion, schizophrenia persists. The authors
investigated whether the siblings of pa-
tients with schizophrenia produce more
offspring, thereby compensating for the
low fertility of the affected individuals.

Method: From all 870,093 individuals
born in Finland from 1950 to 1959, the
authors determined how many had
schizophrenia or were siblings of schizo-
phrenia patients and how many offspring
they had. The population data were ob-
tained from the Population Register Cen-
ter of Finland, and the National Hospital
Discharge Register was used to identify all
persons who had been hospitalized be-
cause of schizophrenia. Appropriate re-
gression models were used to model age
at the birth of the first child, number of

children, and proportion of males among
offspring.

Results: Of the total population, 1.3%
were patients with schizophrenia, and
2.8% were their siblings. The mean num-
ber of offspring among female siblings
was slightly but significantly higher than
among women in the general population
(1.89 versus 1.83), while the opposite was
true for the male siblings (1.57 versus
1.65 among men in the general popula-
tion). The mean number of offspring
among patients with schizophrenia was
0.83 for women and 0.44 for men.

Conclusions: Lower than average fertil-
ity among patients with schizophrenia is
not compensated for by higher fertility
among their siblings. Thus, the persis-
tence of schizophrenia in the general
population is not explained by this simple
evolutionary mechanism.

(Am J Psychiatry 2003; 160:460–463)

Most studies show that schizophrenic patients have
a lower rate of marriage and significantly fewer offspring
than individuals in the general population (1–10). Al-
though there have been some suggestions that men with
schizophrenia who get married have greater than average
fertility (11), this increase is not large enough to compen-
sate for the low rate of marriage. Genetic factors are the
most important known risk factors of schizophrenia (12),
and heritability estimates from the most recent twin stud-
ies are as high as 83% (13, 14). Therefore, the fact that
schizophrenia persists despite the low fertility or repro-
ductive fitness among persons suffering from it has puz-
zled scientists (15–18). It has been hypothesized that
schizophrenia carries some physiological advantage com-
pared with the general population (15, 16, 19), but no evi-
dence for this hypothesis has been found (16). Another hy-
pothesis is that the role of environmental factors, such as
prenatal infections or obstetric complications, in the etiol-
ogy of schizophrenia has increased over time and com-
pensated for the reduction in genetic factors caused by
low fertility (11). A third possible explanation is de novo
mutations and imprinting, which could be connected to

the higher paternal age of schizophrenic patients (20–23).
Finally, it has been suggested that the lower fertility of pa-
tients is compensated for by greater fertility among their
relatives. Three previous studies (6, 8, 24) have shown
greater fertility among parents of patients with schizo-
phrenia than among the general population; these studies
were, however, based on fewer than 200 patients plus their
relatives.

A fourth study (25) indicated that parents of male pa-
tients with a positive family history for schizophrenia had
greater than average fertility; this study was based on 73
probands and their relatives.

We set out to test the hypothesis that low fertility among
patients with schizophrenia is compensated for by high
fertility among their relatives. Because family size varies
considerably in different generations, we limited the study
to a 10-year birth cohort. We compared the fertility among
the total Finnish population born in the 1950s with the fer-
tility among individuals born in the 1950s with at least one
hospitalization because of schizophrenia, according to the
National Hospital Discharge Register, and with fertility
among their siblings born in the same years.
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Method

The study population consisted of all individuals born in Fin-
land from 1950 to 1959. Persons born outside Finland or of un-
known birthplace were excluded. Individuals who had had at
least one hospitalization because of schizophrenia between Jan.
1, 1969, and Jan. 1, 1992, were identified from the National Hospi-
tal Discharge Register. Schizophrenia was defined as a 295 diag-
nosis code according to ICD-8 and ICD-9, which includes schizo-
phrenia, schizophreniform disorder, and schizoaffective disorder.
Information on their siblings was obtained from the Population
Register Center and was linked by using the personal identifica-
tion numbers, which code the date of birth and sex and are
unique for each person.

The year of birth and sex of all offspring of the study population
until year 2000 were obtained from the Population Register Cen-
ter. Thus, for all individuals of the study population we had the
following data: year of birth, sex, year of birth and sex of all off-
spring, and a categorical variable indicating whether the individ-
ual was a person with schizophrenia, a sibling of a person with
schizophrenia, or neither.

The following response variables were used: age when the first
child was born, number of offspring, number of offspring for each
person with at least one child, an indicator variable for the pres-
ence of at least one offspring, and the proportion of males among
the offspring. We used a linear regression model for age at the
birth of the first child, a Poisson regression model for number of
children, and a logistic regression model for proportions (26).
Categorical birth year (1950–1959) and study group (schizo-
phrenic, sibling, or general population) were used as explanatory
variables. Separate models were fitted for male and female sub-
jects. The significance of the explanatory variables was tested by
using likelihood ratio statistics. The significance of differences
between subgroups (schizophrenic, sibling, and general popula-
tion) was tested by using Wald-type tests. All calculations were
carried out by means of the S-PLUS program (27).

Results

We gathered information on the number of offspring of
all 870,093 individuals born in Finland from 1950 to 1959
(Table 1). Of the total population, 1.3% had schizophre-
nia, and 2.8% were siblings of patients with schizophre-
nia. Although the observed prevalence is relatively high, it
is in line with earlier Finnish findings, such as the 1.3% in

the Mini Finland Health Survey (28) and 2.0% in a twin
study (14).

As shown in Table 2, the proportion of individuals with
at least one child was clearly lowest among the patients
with schizophrenia of both sexes (women: χ2=3263.22, df=
1, p<0.001; men: χ2=7264.72, df=1, p<0.001). There was no
significant difference between the general population and
the female siblings of schizophrenic patients (χ2=1.03, df=
1, p=0.31), but among males the proportion of individuals
with at least one child was lower among siblings (χ2=
251.13, df=1, p<0.001). The number of offspring was high-
est among female siblings of schizophrenic patients, al-
though the absolute difference from the general popula-
tion was only 0.03 (χ2=23.29, df=1, p<0.001); for male
siblings the number of offspring was 0.05 lower (χ2=52.69,
df=1, p<0.001). When the numbers of offspring were com-
pared only among subjects with at least one child, the sib-
lings of schizophrenic patients had significantly higher
numbers, both for women (χ2=29.66, df=1, p<0.001) and
for men (χ2=31.78, df=1, p<0.001). There were no sig-
nificant differences in the proportion of male offspring
among the three groups (Table 2).

Discussion

The patients with schizophrenia had, on average, one
child less than individuals in the general population, as
found in several earlier studies (2, 5–10). Among female
siblings of patients with schizophrenia, the number of off-
spring was slightly higher than among women in the gen-
eral population, while male siblings had fewer offspring
than men in the general population. At first sight, our re-
sults may seem to provide weak evidence for the hypothe-
sis that the lower fertility of patients with schizophrenia is
compensated for by more children among their relatives.
Three earlier studies (6, 8, 24), although based on much
smaller study groups and comparing fertility among par-
ents, not among siblings, provided some support for this
hypothesis. However, a simple calculation based on the

TABLE 1. Fertility of 1950–1959 Birth Cohorts of the General Population, Siblings of Schizophrenic Patients, and Schizo-
phrenic Patients in Finlanda

Female Male

Fertility Variable

General
Population

(N=410,093)

Siblings of 
Schizophrenic 

Patients
(N=11,873)

Schizophrenic 
Patients

(N=4,784)

General
Population

(N=424,450)

Siblings of 
Schizophrenic 

Patients
(N=12,446)

Schizophrenic 
Patients

(N=6,447)
Number with at least one child 334,001 9,628 2,114 307,128 8,210 1,410
Number of children 750,687 22,454 3,951 700,318 19,502 2,810
Number of boys 384,227 11,485 2,034 358,262 9,903 1,440
Age at first child (years)

Mean 25.09 25.07 25.10 27.44 27.55 26.87
SD 5.04 5.11 5.23 5.10 5.17 5.13

Number of children
Mean 1.83 1.89 0.83 1.65 1.57 0.44
SD 1.34 1.53 1.21 1.41 1.57 1.01

Male-female ratio of children 1.05 1.05 1.06 1.05 1.03 1.05
Proportion with children 0.81 0.81 0.44 0.72 0.66 0.22
a Data on diagnosis of schizophrenia are from 1969–1991; data on offspring end at 2000.
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predicted number of offspring among women in our study
shows that this compensation is insufficient. Assume that
the cumulative lifetime incidence of schizophrenia is 1%
and that every family has three offspring, making 2% of the
population siblings of patients with schizophrenia. Com-
bine these assumptions with predictions from the data in
Table 2 on the numbers of children for all female subjects.
The result is that in the next generation, 2.1% of the off-
spring are produced by siblings of patients with schizo-
phrenia; this calculation is based on the formula
(0.02×1.91)/([0.97×1.84]+[0.02×1.91]+[0.01×0.83]). The pa-
tients with schizophrenia would produce 0.5% of the off-
spring: (0.01×0.83)/([0.97×1.84]+[0.02×1.91]+[0.01×0.83]).
This means that the proportion of genes inherited from
these families would be lower in the new generation than
in the previous one.

A recent report (29) suggesting that the risk of schizo-
phrenia is associated with increasing paternal age lends
some support to the hypothesis that schizophrenia may be
partly due to de novo mutation of the paternal germ cells.
Our study findings are not in conflict with this view: new
mutations could explain the persistence of schizophrenia
despite lower fertility of schizophrenic individuals.

On the other hand, it may be that evolutionary selection
mechanisms working against schizophrenia-related genes
are related to environmental factors. That is, it is possible
that the genes provided some physiological advantage in
the past but with a changing environment no longer do so.
The observed decline in the incidence of schizophrenia in
Finland between 1954 and 1965 (30) could have been
caused by changes in these factors. For example, our study
on regional differences in the incidence of schizophrenia

in Finland (31) showed that areas that had higher neonatal
mortality rates used to have higher incidences of schizo-
phrenia. If this was caused by greater robustness associ-
ated with the schizophrenia genotype, leading to increased
survival, as has been suggested (32), this advantage may
have disappeared when factors that caused the higher neo-
natal mortality rate disappeared.

It is also possible that fertility among patients with
schizophrenia spectrum disorder or among their relatives
is high, thereby explaining the persistence of genes predis-
posing to schizophrenia. At least, the reproductive fitness
among persons having schizotypal personality disorder is
not lower than average (33).

Finally, it may be that low fertility is a recent phenome-
non related to, for example, culturally delayed marriage
(17). Consistent with this view are findings from a British
case-control study from London (34), which showed that
the marital rate and fertility of patients with schizophrenia
who were white British or of Caribbean origin were lower
than those of comparison subjects, but no such difference
was observed for patients of Asian origin. This means that
our results may not be generalizable to other populations
or even to other Finnish birth cohorts, as cultural and eco-
nomical factors probably are the most important determi-
nants of the number of offspring among humans.

The National Hospital Discharge Register, used in this
study, has been found to be a reliable and accurate tool in
epidemiological research (35). The reliability of diagnoses
of schizophrenia in the Hospital Discharge Register has
been assessed in several studies (14, 36). These studies
show that Finnish psychiatrists tend to apply a narrow def-
inition of schizophrenia in their clinical practice, with

TABLE 2. Analysis of Differences in Fertility Among 1950–1959 Birth Cohorts of the General Population, Siblings of Schizo-
phrenic Patients, and Schizophrenic Patients in Finlanda

Female Male

Variable
Predicted 

Value
Parameter 
Estimate SE

Predicted 
Value

Parameter 
Estimate SE

Age at first child (years)
Population 25.12 Reference 27.55 Reference
Siblings of schizophrenic patients 25.10 –0.019 0.31 27.68 0.122 0.32
Schizophrenic patients 25.19 0.066 0.64 27.06 –0.492 0.76

Proportion with childrenb

Population 0.82 Reference 0.72 Reference
Siblings of schizophrenic patients 0.81 –0.024 0.02 0.65 –0.305 0.02
Schizophrenic patients 0.44 –1.718 0.03 0.21 –2.256 0.03

Number of children for all subjectsb

Population 1.84 Reference 1.65 Reference
Siblings of schizophrenic patients 1.91 0.033 0.01 1.56 –0.053 0.01
Schizophrenic patients 0.83 –0.794 0.02 0.43 –1.334 0.02

Number of children only for those with offspringb

Population 2.26 Reference 2.29 Reference
Siblings of schizophrenic patients 2.35 0.037 0.01 2.39 0.041 0.01
Schizophrenic patients 1.89 –0.181 0.02 2.01 –0.133 0.02

Proportion of male offspring
Population 0.51 Reference 0.51 Reference
Siblings of schizophrenic patients 0.51 –0.001 0.01 0.51 –0.015 0.02
Schizophrenic patients 0.51 0.012 0.03 0.51 0.003 0.04

a Statistical models in which number of children (Poisson regression), age at first child (linear model), and proportion of male offspring and
proportion of persons with at least one child (logistic regression) were used as response variables. All models included birth year of parent
as background variable.

b Significant difference between groups (p<0.001).
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more of a tendency toward false negative than false posi-
tive diagnoses. Therefore, mild cases of schizophrenia are
not included. The main limitation of our study is that we
dealt only with the fertility of one generation. From an
evolutionary perspective, it would be important to study
fertility in two or more successive generations. It should
be noted that the findings for the female subjects are more
meaningful, because there is always more uncertainty
about paternity. Another aspect is that all of the female
subjects were followed up close to the end of their repro-
ductive life (at least age 41), thus providing more complete
information on overall fertility.

These findings indicate that the genetic basis of schizo-
phrenia is still unresolved, and it seems that no simple
evolutionary mechanism can explain the persistence of
genes connected to schizophrenia in the population.
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