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We investigated the agc at onset distributions of schizophrcnia in men and 
women and the rclationship of age at onset and sex to the familial ratcs 
of schizophrenia and manic-depression in data from a Swedish family study 
of 270 schizophrenic probands. On the logarithmic scale, the age at onset 
distribution of schizophrenia in both male and female relatives was bimodal, 
suggesting that broadly defined schizophrenia may be a mixture of 2 
(probably related) disorders. The risk of schizophrenia in relatives decreased 
as a function of the age at onset of the proband, irrespcctive of the sex of 
the proband or relative. In contrast, the risk of manic-depression was 
significantly higher in relatives of female probands with an age at onset in 
the twenties than in relatives of female probands with earlier or later onset, 
or in relatives of male probands. This suggests a third disorder related to 
affective psychosis, with an intermediate age at onset and female 
preponderance. 

A sex difference in the age at onset of schizophrenia 
was noted by Kraepelin (1). Subsequently, it has 
been one of the most consistent findings in the epi- 
demiology of the disorder. Lewine (2) collated the 
results of 7 studies on the age at onset of illness, and 
13 studies on age at first admission, and showed that 
all these studies were consistent in reporting an ear- 
lier onset of schizophrenia in men than in women. 
He suggested 2 competing models to explain these 
data: 

The timing model states that schizophrenia is essentially the same 
disorder in the 2 sexes but has an early onset in men and a late 
onset in women ... In contrast with the timing model, the subtype 
model posits 2 types (or dimensions) of schizophrenia. One is 
characterized by early onset, typical symptoms, and poor premor- 
bid competence, and the other by late onset, atypical symptoms, 
and good premorbid competence ... the early onset typical schizo- 
phrenia is largely a disorder in men, and late onset, atypical 
schizophrenia is largely a disorder in women. 

Some researchers have recently addressed these 
alternative explanations. For example, McGuffin 
et al. (3) have reviewed data from family studies and 
concluded that there was evidence for variation in 
genetic liability, but not for distinct subtypes. In con- 
trast, Castle & Murray (4) have argued for the sub- 
type hypothesis. They hypothesize that an early- 
onset, male-dominated type is related to abnormal 
neurodevelopment and that a late-onset type with a 
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female excess is aetiologically closely related to af- 
fective psychosis. Their suggestion of a neurodevel- 
opmental subtype of schizophrenia had originated 
from evidence of prenatal and perinatal influences 
on the development of the disorder (9, but the pos- 
sible role of genetic factors in this subtype has also 
been recognized (6). To explain the male excess in 
this subtype, it can be postulated that men require a 
lower genetic loading for the development of the 
(multifactorial) illness, or more frequently have an 
illness caused almost entirely by environmental fac- 
tors (i.e., a higher "phenocopy" rate). In both cases, 
the risk of schizophrenia should be higher in rela- 
tives of female than in relatives of male patients. 
Indeed, some recent studies have reported a greater 
risk of schizophrenia in relatives of female than in 
relatives of male schizophrenics (7-10). This is con- 
trary to earlier studies that have found no such dif- 
ference (11-13). Goldstein et al. (14) have suggested 
that this discrepancy may be due to the inclusion of 
female patients with affective psychosis as schizo- 
phrenic probands in the earlier studies. 

The second hypothesis of Castle & Murray (4), 
that a proportion of late-onset female cases given a 
diagnosis of schizophrenia have a disorder closely 
related to affective disorders, was put forward to 
explain the female preponderance in later-onset 
schizophrenia. They based their hypothesis on the 
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evidence that female schizophrenics have more af- 
fective symptoms (1 5 ,  16), better premorbid func- 
tioning (17) and a better prognosis (18) than male 
schizophrenics. However, the most direct prediction 
of this hypothesis is that the risk of affective disor- 
der should be higher in relatives of female than in 
relatives of male schizophrenics. Moreover, the risk 
should be highest in the relatives of late-onset female 
schizophrenics. 

Subsequently, Castle et al. (1 9) attempted to de- 
rive an empirical classification of schizophrenia, by 
a sex-specific latent class analysis of 7 variables 
(family history of schizophrenia, restricted affect, 
persecutory delusions, premorbid social adjustment, 
dysphoria, early onset and winter birth) in a series 
of 447 non-affective functional psychotic patients 
from a defined catchment area. Their analysis 
favoured a model with 3 classes per sex, constrained 
so that the frequency distributions of the variables 
within the corresponding classes in men and women 
were identical. They tentatively described the 3 types 
as neurodevelopmental, paranoid and schizoaffec- 
tive. The neurodevelopmental type was character- 
ized by a high frequency of positive family history, 
poor premorbid social adjustment, early onset and 
restricted affect and a high ma1e:female ratio. The 
paranoid type was characterized by a high frequency 
of late onset and persecutory delusions and had a 
sex ratio of about one. The schizoaffective type was 
characterized by a high frequency of dysphoria, with 
an age at onset distribution intermediate between the 
other two types and an almost complete absence of 
men. Further exploration of this typology (20) 
showed that the 3 subtypes did differ in many re- 
spects other than the variables used in the latent 
class analysis. For example, the neurodevelopmen- 
tal type had the highest frequency of obstetric com- 
plications, and the schizoaffective type had the high- 
est frequency of a family history of mental illness 
other than schizophrenia. The results from this la- 
tent class analysis complicates the earlier notions of 
Castle & Murray (4); they suggest that late-onset 
schizophrenia is not related to affective disorder, but 
is better described as “paranoid”, and that a subtype 
related to affective illness, if it exists, has an inter- 
mediate age at onset. 

If subtypes of schizophrenia do exist, their iden- 
tification would improve the homogeneity of subjects 
in future studies and result in greater statistical 
power. This applies to genetic, epidemiological and 
clinical studies, all of which are prone to the prob- 
lem of heterogeneity, which essentially adds noise to 
the data, making any signal more difficult to detect. 
The present study is a re-analysis of data from a 
large family study conducted in Sweden (21), with 
respect to the question of subtypes. We examine the 
age at onset distribution of schizophrenia in men 

and women for bimodality and the joint effects of sex 
and age at onset on familial morbidity. Previous re- 
analyses of this large data set have addressed ques- 
tions regarding models of inheritance (22), the effect 
of birth order and spacing on risk of illness (23) and 
the separate effects of age at onset (24) and sex (25) 
on familial morbidity. 

Material and methods 

The family data were collected by C.H. Alstrom, 
R. Lindelius and D.W.K. Kay from 1958 to 1970 in 
Sweden (21). Originally, the data had not been or- 
ganized in pedigree format, but a grant from the 
MacArthur Foundation was obtained by Dr Got- 
tesman for Dr Lindelius to extract the original data 
and organize them in pedigree format for further 
analysis of the data (22). Considering the cost of 
conducting a large-scale family study, these Swedish 
pedigrees ascertained systematically for schizophre- 
nia constitute a valuable resource. 

The probands were 270 cases of schizophrenia 
obtained by screening all admissions between 1900 
and 1910 to a rural hospital in southwest Sweden. 
They were required to be born in the county served 
by the hospital and to be living there at the time of 
their admission. The diagnosis of schizophrenia was 
based not directly on hospital diagnoses but on a 
review by the research psychiatrists of information 
contained in the hospital records, according to cri- 
teria commonly adopted by European psychiatrists 
in the 1960s. With the help of the well established 
parish register system in Sweden, the parents (525), 
siblings (1313), offspring (339), nephews and nieces 
(1820) of the probands were traced. In 72% of the 
families, at least one relative was personally visited 
and asked about the mental health of family mem- 
bers. Further information on mental illnesses in the 
family was obtained from parish records, provincial 
medical officers and hospital case notes. A definite 
diagnosis of schizophrenia was only made if treat- 
ment had been received at a hospital, or a satisfac- 
tory description was available from a reliable source. 
In the case of other diagnoses, including manic- 
depressive psychosis, “the principles followed were 
those in common use among European psychiatrists” 
(21, p. 26). The age at first manifestation of psy- 
chotic symptoms was recorded for almost all rela- 
tives with schizophrenia or manic-depressive psy- 
chosis. Also recorded was the age at last contact for 
nearly all relatives. 

Results 

The probands consisted of 123 men and 147 women. 
In Fig. la, the vertical coordinate of each point 
(squares for males, circles for females) is the num- 
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Fig. Ih .  Age at onset distribution of the probands on logarithmic 
scale. 

Fig. 2b. Hazard function of relatives on logarithmic scales. 

ber of probands who had an age at onset in the 
5 years centred on the age indicated by the horizon- 
tal coordinate (i.e. 10-15, 16-20, etc.) Before the age 
of 30 years, male cases exceeded female cases, while 
after the age of 30years, the reverse was true. In 
both sexes, there was a rapid increase in incident 
cases in the late teens and early twenties, followed 
by a rapid decline in the late twenties. The shapes of 
the distributions of men and woman are similar in 
this age range, the only difference being the higher 
peak in the distribution of males. After the age of 40, 
the numbers of incident cases in the two sexes ap- 
pear to undergo parallel, gradual decline, with the 
decline in women lagging 5- 10 years behind that of 
men. In the age range of 30-40 years, there is a hint 
of a second peak in women. 

The age at onset distribution of the probands is 
influenced by the population structure and hospital 
admission policy in Sweden during 1900-1910. A 
better impression of the age-at-onset distribution, 
less contaminated by extraneous factors, can be ob- 
tained from the probands' relatives, who constitute 
a cohort in whom age at onset and age at last con- 

female 
male 

femalf 
male 

tact were recorded. We estimated the hazard rate of 
schizophrenia at different ages for male and female 
relatives by a life-table method, using the LIFETEST 
procedure in SAS (26). Fig. 2a plots the estimated 
hazard rates for male and female relatives against 
age. The overall shapes of the estimated hazard 
functions are fairly similar to the age at onset dis- 
tributions of the probands, the most striking simi- 
larity being the bimodality in women. This suggests 
that female schizophrenia is heterogeneous with re- 
spect to age at onset. 

It is possible that the bimodality in female rela- 
tives is due to the inclusion of different types of 
relatives (parents, siblings, offspring, nephews and 
nieces) in the analysis. In particular, it is known that 
the mean age at onset of schizophrenia among par- 
ents of schizophrenics is older than that of other 
first-degree relatives, because of the reduced fertility 
of early-onset schizophrenics (27). However, the ex- 
clusion of the parents did not reduce the bimodality; 
the estimated hazard rates of non-parental female 
relatives in the age bands 15-20,20-25,25-30, 30- 
35, 35-40, 40-45, 45-50 and 50-55 were 0.0013, 
0.0021, 0.0020, 0.0011, 0.0015, 0.0011, 0.0009 and 
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0.0006, respectively. Moreover, the apparent bimo- 
dality persisted when only female siblings were in- 
cluded, with estimated hazards rates of 0.00 16, 
0.0022, 0.0005, 0.0020, 0.0027, 0.0012, 0.0018 and 
0.0013. The apparent greater irregularity of these 
estimates is due to the smaller sample size. 

In resolving a mixture of distributions from an 
overall positively skewed distribution, it is custom- 
ary to reduce the skewness by a logarithmic trans- 
formation of the data. We therefore log-transformed 
age, so that the age of 10 becomes 1 and the age of 
100 becomes 2, etc. on the logarithmic scale. The age 
at onset distribution of the probands and the hazard 
function of the relatives were estimated as before, 
but with age being measured on the logarithmic scale. 
In both cases, the bimodality in women appears to 
be accentuated (Fig. lb, 2b). Moreover, bimodality 
is now apparent in the hazard function of male rela- 
tives. Although the age at onset distribution of male 
probands remains unimodal, there is a “shoulder” in 
the distribution to suggest a mixture of 2 distribu- 
tions. 

To obtain an initial impression of the effects of 
gender and age at onset of the proband on the fa- 
milial risk of schizophrenia and manic-depression, 
we divided age at onset into 4 categories: 20 or 
younger, 21-30, 31-40, and 41 or older, and esti- 
mated the lifetime risk (using PROC LIFETEST) of 
schizophrenia and manic-depressive psychosis in the 
relatives of the 8 groups defined by different combi- 
nations of sex and age at onset categories. As pre- 
viously reported in these data (24), the risk of schizo- 
phrenia in relatives was inversely related to the age 
at onset of the illness in the proband (Table 1). This 
applied to relatives of both male and female 
probands. At any age at onset in the proband, the 
risk of schizophrenia was not significantly different 
in the relatives of male and female probands. More- 
over, the effect of age at onset of the proband on the 
risk of schizophrenia in relatives was independent of 
the sex of the proband. 

The risk of manic-depressive psychosis in the rela- 
tives was lower than that of schizophrenia (Table 2). 
Among the relatives of male probands, the small 
number of cases were fairly uniformly distributed 

Table 1. Lifetime risk estimates ( % )  of schizophrenia in relatives 

Age of onset 
of proband 

Relatives of male probands Relatives of female probands 

(years) Number Cases Risk % (SE) Number Cases Risk % (SEI 

I20 528 19 4.7511.08) 290 12 5.3811.531 
21-30 775 28 4.7310.891 679 23 4.3610.89) 
31-40 460 9 2.8910.96) 579 13 3.05(0.841 
2 4 1  140 1 1.3911.38) 554 11 3.09(0.921 
all ages 1903 57 4.1010.54) 2102 59 3.84(0.491 

Table 2 Lifetime risk estimates 1 % )  of manic-depression in relatives 

Age at onset 
of proband 

Relatives of male probands Relatives of female probands 

(years] Number Cases Risk % (SE] Number Cases Risk % iSE1 

5 20 528 1 0.28 (0.28) 290 1 0.48 (0.48) 
21-30 775 0 0 679 10 2.2810.731 
31-40 460 3 0.87 (0.51) 579 3 0.77 10.441 
2 4 1  140 1 1.43(1.42) 554 2 0.67 (0.47) 
all ages 1903 5 0.39(0.18) 2102 16 1.22(0.31) 

across the different ages at onset of the proband. 
Among the relatives of female probands, however, 
there appeared to be an excess of risk in the relatives 
of probands with an age at onset of 21-30years. 
Overall, relatives of female probands had more rela- 
tives with manic-depression than relatives of male 
probands, but this was due entirely to the relatives 
of the probands with an age at onset of 21-30 years. 

In order to model the age at onset of the probands 
as a continuous variable, and to allow for possible 
confounders, we used a proportional hazards model 
(28) as implemented in the PHGLM procedure in 
SAS (29). The rate of schizophrenia or manic- 
depressive psychosis in relatives was modelled as 
being dependent on a set of covariates (such as the 
gender and age at onset of the proband). Since the 
sex of the relative is a potential confounder, it was 
entered as a covariate in all the analyses. The 
4 classes of relatives, parents, siblings, offspring and 
nephewslnieces were analysed together, with class 
of the relative being entered as a covariate. The sta- 
tistical significance of the effect of a hypothesized 
covariate was assessed by the likelihood ratio sta- 
tistic associated with the addition of the covariate to 
a model containing possible confounding variables. 

The sex of the proband was not significantly re- 
lated to the risk of schizophrenia in relatives. How- 
ever, earlier age at onset of the proband was asso- 
ciated with an increased rate of schizophrenia in 
relatives (2: = 8.29, P = 0.004). Moreover, the effect 
of age at onset of the proband did not differ accord- 
ing to the sex of the proband. In contrast, the rate 
of manic-depression was significantly higher in rela- 
tives of female probands than in relatives of male 
probands (2: = 4.78, P = 0.029). The decline in the 
rate of manic-depression in the relatives with in- 
creasing age at onset of the proband was not signif- 
icant. However, it is clear from Table 2 that the rate 
of manic-depression is related to proband age at 
onset only in relatives of female probands and that 
the relationship is not linear. We therefore entered 
into the model, in addition to the main effects of the 
sex and age at onset of proband, terms representing 
the effect of a quadratic function of age at onset of 
proband specific to relatives of female probands. 
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The improvement in fit associated with the 
gender specific age at onset effect was significant 
(x: = 7.4, P = 0.025). The removal of the main effects 
of sex and age at onset did not significantly decrease 
the fit of the model. 

The “best” model for the risk of schizophrenia in 
relatives therefore contains an effect of age at onset 
but not the sex of the proband. For 2 probands 
whose ages at onset differ by 25 years, the rate of 
schizophrenia in the relatives of the proband with 
the earlier onset, as predicted by the model, is ap- 
proximately twice the rate in the relatives of the 
proband with the later onset. Although this ignores 
the effect of correlated ages at onset among relatives, 
a previous analysis (24) that allowed for this effect 
in this data set also found an inverse relationship 
between age at onset in the proband and risk of 
schizophrenia in relatives. 

The “best” model for the risk of manic-depression 
in relatives, however, indicates that the rate of manic- 
depression is independent of age at onset of the 
proband in the relatives of male probands, but has 
a curvilinear relationship with the age at onset of the 
proband in the relatives of female probands. When 
the age at onset of the proband is in the mid-twenties, 
the rate of manic-depression in relatives of females 
probands, as predicted by the model, is about 4 times 
the rate of manic-depression in relatives of male 
probands. The estimated rate ratio decreases as the 
age at onset of the proband deviates in either direc- 
tion from the mid-twenties. 

Discussion 

The bimodality in the age at onset distribution of 
schizophrenia in female probands and relatives sug- 
gests that female schizophrenia is a mixture of at 
least 2 disorders. These disorders may overlap con- 
siderably in aetiology and other characteristics, and 
may be appropriately considered as one disorder for 
some purposes. Nevertheless, the difference in age at 
onset suggests that a factor of major effect is in- 
volved, so that the 2 disorders do not merge into a 
single homogeneous cluster. Bimodality was not 
clear among the male probands, but was present in 
the male relatives. A parsimonious explanation is 
that 2 disorders are present in both males and fe- 
males, but the late-onset type is less numerous or has 
a slightly earlier onset in males, making it more dif- 
ficult to distinguish from the first type. The inverse 
relationship between age at onset and familial risk of 
schizophrenia indicates that the early-onset type has 
a higher genetic loading than the late onset type. 

The increase in the risk of manic-depression in the 
relatives of female probands with an age at onset in 
the mid-twenties suggests an additional subtype with 
a female preponderance and an age at onset distri- 

bution intermediate between the two other types. 
Thus there may be 3 subtypes within broadly defined 
schizophrenia: an early-onset type with a male pre- 
ponderance and high familial risk of schizophrenia, 
an intermediate-onset type with a female preponder- 
ance and high familial risk of manic-depression and 
a late-onset type with a low familial risk of both 
schizophrenia and manic-depression. For conve- 
nience, these will be referred to as early-, inter- 
mediate- and late-onset types. 

This interpretation is similar to the typology pro- 
posed by Castle et al. (19) and Sham et al. (20) on 
the basis on a latent class analysis. Historically, it is 
consistent with the controversial positions of para- 
noia and paraphrenia in relation to dementia prae- 
cox (1) and with the early recognition of schizo- 
affective disorder as a distinct syndrome (30). 
Nevertheless, we should scrutinize closely the basis 
of the interpretation and the extent to which it is 
consistent with findings from previous studies. 

The distinction between the early- and late-onset 
types in this study is based on the bimodality in the 
age at onset distribution when age is measured on 
the logarithmic scale. A full justification of the loga- 
rithmic transformation is difficult because we do not 
have a good mathematical model for the age at onset 
distribution of schizophrenia. Since we have no 
strong reason to adopt any particular age at onset 
distribution (such as the log-normal), all we shall 
suppose is that whatever causes the age at onset 
distribution to be skewed also causes the variance of 
the distribution to be positively related to the mean. 
In other words, a subtype with late onset will have 
a greater variance in age at onset than a subtype with 
early onset. The greater variance of a late onset type 
tends to flatten out the distribution, so that the peak 
of the distribution may be obscured by the tail of the 
distribution of the early onset type. Any transforma- 
tion that tends to equalize the variances of the two 
distributions, such as the logarithmic transforma- 
tion, will make the peak of the second distribution 
sharper and more easily visible. 

The logarithmic transformation is often applied to 
age at onset data in schizophrenia, but the purpose 
of the transformation is usually to comply with the 
normality assumption of classical linear models, and 
we do not know of any published work on schizo- 
phrenia that used the transformation to help to re- 
solve possible subtypes. However, even with un- 
transformed data, some authors have commented 
on the apparent bimodality of the age-at-onset dis- 
tribution in female schizophrenia. Thus, in his clas- 
sic monograph, Bleuler (31) noted from the age at 
onset distribution of 618 patients that “the curve of 
the male patients drops in fairly regular fashion from 
a maximum in the fifth quinquennium; while that of 
the female patients shows a small elevation between 
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the ages of 40-45 years”. A second peak in the age 
at onset distribution of female schizophrenia was 
also noted by Hafner et al. (32), using data from the 
Danish national and Mannheim case registers. Lo- 
ranger (33), who examined the age at onset distri- 
butions of 100 male and 100 female patients with 
schizophrenia, commented that the “age distribu- 
tions of the two sexes do not consist of two isomor- 
phic curves separated by an interval of five years”. 

Although many previous studies have addressed 
the risk of manic-depression in the relatives of 
schizophrenic patients (34), few have examined for 
gender differences in this risk. This is partly due to 
the lack of agreement among researchers as to 
whether schizophrenia and affective disorders are 
genetically related at all. This diversity in opinion is 
a reflection of the inconsistent findings in the litera- 
ture, due in part to variations in method, but also to 
chance fluctuations when the effect or sample is 
small. For instance, if the risk of manic-depression 
in increased in the relatives of only a small subset of 
patients with a (broad) diagnosis of schizophrenia, 
this increase may be detectable only in a large 
sample. If the results from this study can be repli- 
cated, then the usual question of whether schizo- 
phrenia and bipolar disorder are genetically related 
is too simplistic. We should focus on identifying a 
subtype of schizophrenia related to bipolar disorder. 

An increased frequency of affective symptoms in 
female schizophrenia has been reported by some 
(15, 3.9, though not by all (31), authors. In a review 
of the Soviet literature, Holland & Shakhmatova- 
Pavlova (36) noted that a form of schizophrenia 
“closest in clinical picture to schizoaffective type of 
schizophrenia ... occurs most commonly in women”. 
In a study of manic-depressive patients misdiag- 
nosed as schizophrenic, Joyce (37) found that early- 
onset patients were significantly more often misdi- 
agnosed than late-onset bipolar patients and a 
nonsignificant trend for female bipolar patients to be 
more often misdiagnosed than male bipolar patients. 
Thus, there is some evidence to suggest that a pro- 
portion of female psychotic paticnts given a broad 
diagnosis of schizophrenia may have an illness re- 
lated to affective disorder. However, it is also pos- 
sible that most of these female patients would not be 
classified as schizophrenic if stringent modern cri- 
teria such as the DSM-I11 are applied (38). 

In conclusion, we suggest that broadly defined 
schizophrenia is a mixture of 3 distinguishable dis- 
orders, which are not necessarily unrelated aetiolog- 
ically. The evidence is based on analyses on the age 
at onset distribution of the illness and the pattern of 
familial mental disorders in a large Swedish study. 
At present, this interpretation should be regarded as 
hypothetical, and further work is necessary to rep- 
licate and extend our findings. 
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