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Abstract It remains unclear whether age at onset for
major psychiatric disorders is a useful marker of etio-
logic and genetic heterogeneity. The authors examined
how heritability of schizophrenia and major affective
disorders varied with age at onset. The sample was
drawn from a large archival data set collected by Lionel
Penrose, comprising 3,109 families with two or more
members first hospitalized in Ontario between 1874 and
1944. The authors studied 1,295 sibships with schizo-
phrenia (n=487), major affective disorder (n=378),
both (n=234) or neither (n=196) of these disorders.
Proportional hazards models were used to estimate how
the hazard of hospitalization for each disorder (schizo-
phrenia or major affective disorder) varied with
proband age at onset, adjusted for changes in age at on-
set distribution between 1874 and 1944. A sibling’s risk
of hospitalization for the same illness significantly in-
creased for each 10-year decrease in age at onset of the
proband both for schizophrenia (hazard ratio=1.21,
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95% confidence interval: 1.06, 1.39), and for affective
disorder (hazard ratio =1.29,95 % CI: 1.14,1.45). Gender
of proband was unrelated to sibling risk of the same ill-
ness, and tests of interaction effects between proband
age at onset and gender on sibling risk were nonsignifi-
cant.

Key words age of onset - cohort effect - mood
disorders - schizophrenia - heredity

Introduction

The etiology of serious psychiatric disorders like schiz-
ophrenia and bipolar illness may involve susceptibility
genes and subtle gene-environment interactions [3,17].
In other multifactorial disorders with a variable age at
onset (AAO), such as breast cancer and Alzheimer’s dis-
ease, earlier AAO has been a useful clinical factor to sep-
arate out more genetically homogenous entities [13,16].
AAO in both schizophrenia and major affective disor-
ders (e.g., bipolar disorder) varies considerably, span-
ning several decades. AAO has been proposed as a pos-
sible marker of etiologic and genetic heterogeneity [10,
27]. Some studies have reported an association between
early onset schizophrenia and an increased risk of schiz-
ophrenia in relatives [1, 2, 20, 26, 32, 33, 35], suggesting
that the early form of illness may have a higher familial
liability to schizophrenia than later onset forms. How-
ever, other studies have reported either no association
between early onset and familial risk in schizophrenia
[19,21], or have observed the association in males only
[29,39]. Similarly, several studies have reported an asso-
ciation between early onset and morbidity risk in rela-
tives in both bipolar disorder and major depression [15,
17,27,31, 34, 40]. In general, the findings in major affec-
tive disorders appear more consistent than those in
schizophrenia, with no suggestion that gender modifies
the relationship between proband AAO and familial
risk.

The main purpose of our investigation was to esti-



mate heritability of schizophrenia and major affective
disorders, and how heritability of each disorder varies
with AAO. Several decades ago L.S. Penrose (reported
posthumously [28]) collected a sample of 3,109 families
containing two or more members first hospitalized be-
tween 1874 and 1944 with schizophrenia, major affective
disorder, or another serious psychiatric disorder. Using
data from this unique archival sample, we can examine
whether the probability of hospitalization with the ma-
jor mental illnesses in question (schizophrenia and ma-
jor affective disorder) depends on the AAO of an af-
fected sibling. In other words, is heritability stronger in
younger onset cases of each of these disorders? Relative
to past studies, in particular those related to schizo-
phrenia, the Penrose sample is large and representative
and, thus, has the potential to resolve the observed in-
consistent findings, if indeed they result from low statis-
tical power and selective sampling, as suggested by oth-
ers [19,21].

Since no unaffected family members were included
in the Penrose sample, heritability could not be esti-
mated using standard approaches [30]. As an alternative
measure of familial risks, we, therefore, used propor-
tional hazards survival models [7] to estimate how the
hazard of hospitalization for each disorder (schizophre-
nia or affective disorder) varied with proband AAO (Ap-
pendix 1). We hypothesized that the hazard of hospital-
ization for family members would depend on proband
AAO. We also examined whether gender of proband
alone, or in conjunction with AAO of proband, modified
our predictions.

Methods

Penrose archival data

The study sample was drawn from the archival data collected for Lionel
Penrose’s study entitled “Survey of Cases of Familial Mental Illness”,
published posthumously [8,28]. Penrose ascertained a large represen-
tative sample of familial mental illness by surveying all individuals
who were inpatients in Ontario psychiatric hospitals between 1926 and
1944, reviewing their medical records, making personal inquiries,and
identifying those with one or more family members who had ever been
hospitalized with a mental illness or who had committed suicide. The
total sample, comprising approximately 10 % of the total psychiatric
inpatient population in Ontario, consisted of 7,339 individuals from
3,109 families. Most of these families comprised just two affected rela-
tives, but 23.4 % had three or more affected relatives. Compared with a
random sample of first admissions in Ontario psychiatric hospitals for
1943, the Penrose sample included higher percentages of individuals
with schizophrenia and affective psychosis [28].

For each individual in the sample, Penrose recorded information
on diagnosis, year of birth, year of first psychiatric hospitalization,
gender, and how the individual was related to the relative(s) in the
data set (e. g., father, sister, son, etc.). Penrose used the medical chart
diagnoses to form 13 broad categories of mental illness: schizophre-
nia, schizoaffective, affective, arteriosclerosis, senile, paresis, Hunt-
ington disease (HD), other organic disorders, epileptic disorders,
mentally defective, psychoneurotic/psychopathic conditions, undiag-
nosed, and suicide. The majority of individuals (60.6 %) were diag-
nosed with either schizophrenia or affective disorder (30.8% and
29.8 %, respectively). In a previous study [4], we showed that the vast
majority (93.7 %) of individuals in the schizophrenic category carried
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a diagnosis of either schizophrenia alone or schizophrenia of the cata-
tonic, paranoid, or hebephrenic type. In the affective disorder cate-
gory, 99.0 % of individuals had depressive, manic, manic-depressive,
or schizoaffective diagnoses (n=26). The proportion of subjects in
the other diagnostic categories ranged from 0.97 % (for HD) to 6.5 %
(for suicide). Other studies [8, 20, 38] have justified the use of similar
historical clinical diagnoses for severe psychiatric illnesses, on the ba-
sis of generally conservative diagnostic practices and findings com-
parable to those of contemporary studies. Further, the stability of
clinical diagnosis of schizophrenia and affective disorder has been
shown to be adequate over illness course [11]. The institutional re-
view board of the University of Toronto approved this study.

Study sample

To simplify analysis, sibling sets (the most common relative pair type
in the data) were extracted from the data. We examined, 1,609 fami-
lies containing 1,650 sibships. Our primary interest was in the diag-
noses of schizophrenia and major affective disorders. The remaining
diagnoses were grouped together into a category of “other psychiatric
conditions”. Because an initial diagnosis of either schizophrenia or
major affective disorders (e. g.,bipolar illness) after age 60 years is rel-
atively rare [5, 14, 17], we felt less confident about the validity of the
diagnosis in these subjects. Therefore, families with a member who
had a very late AAO, 260 years, were excluded. Our final sample con-
sisted of 1,241 families containing 1,295 sibships and 2,868 individu-
als. In 27 (2.2 %) of these families, there were at least two hospitalized
siblings in two different generations; these were treated as 54 inde-
pendent sibships.

Measure of AAO

AAO was defined as age at first psychiatric hospitalization, previously
shown to provide a reliable estimate of the AAO of major mental ill-
nesses such as schizophrenia and bipolar disorders [10, 35, 37].

Statistical model

We used extensions of the Cox proportional hazards model [7, 36] to
examine the distributions of age at first hospitalization (AAFH) and
the effects of covariates upon these distributions (Appendix 1). In
some cases, we modeled the risk of hospitalization with schizophre-
nia and affective disorders in the same model. In these models, each
individual is at risk of hospitalization for either disorder, but the
“first” diagnosis to require hospitalization is the one that will be
recorded. Lunn and McNeil [25] show that by creating multiple strata,
one for each diagnostic category, and by allowing all individuals to be
“at risk” in each stratum until their hospitalization, estimates can be
obtained that appropriately take into account the existence of the
other categories. In this case, each observation was entered into the
data set twice, once for each diagnosis of interest. Schizophrenic cases
were considered to be censored data for the affective stratum, and vice
versa.

Cohort effects

Psychiatric institutions were opening across Ontario during the time
period spanned by the data collection, and Penrose searched back to
the earliest hospital records available. The probability of being hospi-
talized for a severe psychiatric disorder varied dramatically by year
and region, and depended on when institutions opened. Hospitaliza-
tion practices, such as which conditions warranted hospitalization or
the age at which individuals were hospitalized, likely changed during
this period. Furthermore, relatives of hospitalized patients might be
censored from the sample if they required hospitalization before an
institution or hospital bed was available, or after the collection ended
in 1945. These factors resulted in cohort effects, so the age distribu-
tions for first hospitalizations changed with the calendar year; and
these changes may have been diagnosis specific. Fig.1 shows the
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Fig.1 Ages at first hospitalization for patients with
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changing distributions of AAFH for both schizophrenia and affective
disorders by year of first hospitalization. Table 1 shows the number
(%) of individuals in each diagnostic category by year of birth. As
shown, the majority of individuals across all three diagnostic cate-
gories were born between 1875 and 1914. In terms of schizophrenia,
37.2% of affected individuals were born between 1875 and 1894 and
49.4 % between 1895 and 1914. A reverse of this pattern was seen in
individuals diagnosed with affective disorders (48.8 % and 32.0 %, re-
spectively), suggesting that diagnostic practices as well as hospital-
ization practices changed over time.

Overall, cohort effects were considered sufficiently large, making
it difficult to separate cohort effects from effects of interest, such as
sibling influence. In our models (Appendix 1), we examined the im-
pact of proband AAO on the risk among siblings. However, the differ-
ence in age between siblings was confounded with potential effects
arising from the difference in the years of birth. Therefore, we non-
parametrically estimated the AAO distributions by year, and then ex-
plicitly removed calendar year trends. Analysis of risks was per-
formed on the adjusted data.

Standardization of the AAFH distributions was performed in
three steps. Firstly, for each diagnosis (schizophrenia and affective
disorders) and gender, we estimated a two-dimensional density for
AAFH and year of birth using kde2d in R (R Foundation for Statisti-

Table 1 Distribution of diagnoses in siblings (n = 2868) by year of birth

Diagnostic category
Birth cohort  Schizophrenia Affective disorder Other! disorders

N % N % N %
<1875 61 5.6 122 144 61 6.4
1875-1894 399 372 414 488 266 281
1895-1914 530 494 271 320 289 305
1915+ 81 7.6 36 42 140 148
Missing data 2 0.2 5 0.6 191 20.2
Total 1,073 100.0 848  100.0 947  100.0

1 Severe psychiatric disorders other than schizophrenia and affective disorder

Year of first hospitalization

cal Computing 2003), using all siblings, even those with onset age > 60.
Then, for each individual, we used this estimated density to calculate
where their AAFH fell, as a percentile, on the conditional age-distrib-
ution for their year of birth, truncated at age 60. We used the complete
data set to construct the two-dimensional density distribution in or-
der to obtain stable estimates of the density for individuals near age
60. Secondly, we constructed “reference” AAFH distributions (sepa-
rately by gender and diagnosis), by using all individuals (in families
with no hospitalizations over age 60) hospitalized between 1925 and
1940, inclusive. By using the latter part of the main data collection pe-
riod, we hoped to obtain age distributions that were less heteroge-
neous due to changes in hospitalization practices, and less subject to
censoring. These distributions formed the reference distributions to
which we standardized. Thirdly, we mapped the individual’s per-
centile obtained in the first step onto the appropriate reference dis-
tribution from the second step, adjusting for censoring at the end of
the data collection in 1945. Fig.2 shows AAFH distributions before
and after adjustment for cohort effects.

Random proband model

A schizophrenic proband was randomly sampled from each family
containing at least one schizophrenic sibling. The hazard of hospital-
ization with schizophrenia or affective disorder was then estimated
for the remaining siblings using the stratified proportional hazards
model. A similar strategy was used to sample an affective proband
and examine hazards of hospitalization among siblings. Parameters
from this model were interpreted across families. We then estimated
how the hazard of hospitalization depended on the AAO of the
proband, adjusting for other covariates such as gender. Ten data sets
were created by randomly selecting probands ten times, and the re-
sults show the average estimates across the ten data sets [24].

Familial correlation

Family members may resemble each other more than unrelated indi-
viduals. They are more likely to be diagnosed with the same disorder,
especially if there is a genetic component to the disorder. Further-
more, for the same diagnosis, two related individuals may have more
similar ages of first hospitalization than unrelated people with the



Fig.2 Estimated distributions of age at first hospi- A
talization by diagnosis and year of birth. Families con- |
taining an individual hospitalized at age 60 or greater
were excluded. A. Unadjusted: Bivariate density
distributions for year of birth and AAO were esti-
mated by a two-dimensional kernel smoother. Con-
ditional density estimates for AAO are shown for
three different years. B. Adjusted: Conditional den-
sity distributions (shown in A) for all years of birth
were adjusted to the observed distribution of AAQ for
those hospitalized between 1925 and 1940, inclu-
sively. Each individual was then assigned an adjusted
AAO, corrected for censoring of the study sample in
1945. Smoothed (univariate) densities are shown for
the adjusted AAOs of patients born in three different
decades
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same diagnosis. Correlation between remaining siblings was taken
care of through a robust jackknife correction to the variances that al-
lowed for clustering. It was interesting to note that, in fact, the cor-
rections to the variances were in general very small.

For the descriptive analysis, family-specific average ages at onset
were summarized (means and standard deviations). Testing for sig-
nificant differences in AAO was performed using analysis of variance
including family as a factor, hence familial clustering in AAO should
not bias significance levels. The median AAO for schizophrenia and
for affective disorder was 31.0 and 39.0 years, respectively. This was
similar to the mean AAO for both disorders (32.3 and 38.6 years).

Results
Sample characteristics

Of the 1,295 sibships included in the study sample, 1,099
contained at least one member diagnosed with schizo-
phrenia or major affective disorder, and 196 contained
only members with a severe psychiatric condition other
than schizophrenia or affective disorder. In the 487 sib-
ships with at least one member diagnosed with schizo-
phrenia but no member with major affective disorder,
the mean AAO of the 806 schizophrenic siblings (420 fe-
males and 386 males) was 32.7 years (SD =9.7). Males
had an earlier AAO than females (31.4 years vs. 34.8
years; F=9.22, p=0.0026; ANOVA adjusting for gender
and family, nested within gender group). The mean AAO
was slightly earlier in sibs from sibships with two or
more schizophrenic members (n=279) relative to all
schizophrenic sibs (31.7 years vs. 32.7 years, p=0.021).
In the 378 sibships with affective disorder but no schiz-
ophrenic siblings, the mean AAO of affective disorder
among the 576 sibs (335 females and 241 males) was 39.8
years (SD = 10.6), significantly later than that for schizo-
phrenia (F=59.3, df=1, p<0.0001). There was no sig-
nificant difference in AAO between males and females
(p=0.77). Again the mean AAO was slightly earlier in

Age at first hospitalization

sibs from sibships with two or more affective members
(n=182) relative to all affective sibs (38.9 years vs. 39.8
years, p=0.016). In the 234 sibships with at least one
schizophrenic and at least one affective sibling, the mean
AAO for the 539 sibs (308 females and 231 males) with
either schizophrenia (n=267) or with major affective
disorder (n=272) was 34.0 (SD=38.9). This was later
than that for individuals from sibships with schizo-
phrenic siblings but no affective siblings, but earlier
than that for individuals from sibships with affective
siblings but no schizophrenic siblings (F=28.6, df=2,
p <0.0001). Males with either schizophrenia or affective
disorder from these mixed sibships demonstrated a
nonsignificantly lower AAO than females with schizo-
phrenia or affective disorder (30.8 years vs. 35.7 years;
F=2.39,df=1, p=0.12). The mean AAO of schizophre-
nia and of affective disorder in these mixed sibships did
not differ significantly from that in schizophrenia-only
or affective disorder-only sibships.

AAO of proband and morbidity risk in sibling(s)

Table 2 presents the hazard of hospitalization for schiz-
ophrenia in siblings of a schizophrenic proband and for
affective disorder in siblings of an affective proband. A
sibling’s hazard of schizophrenia significantly increased
for each 10-year decrease in AAO of schizophrenic
proband (HR=1.21, 95% confidence interval: 1.06,
1.39). A similar, but slightly stronger, association was
seen for affective disorders, with sibling risk of affective
disorder increasing for each 10-year decrease in AAO of
the proband (HR =1.29, 95% confidence interval: 1.14,
1.45). The magnitude of this increased risk in siblings
was relatively small, however, for both disorders, averag-
ing about 20-30 %.

In families with many hospitalized members, it is
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Table2 Increased hazard of diagnosis in siblings as a function of proband'’s age at first hospitalization, where proband and sibling have the same diagnosis (schizophre-

nia or affective disorder)

Disease under consideration Gender All families Subset with exactly two siblings’
in sibling of proband
Proband Sibling Hazard 95%Cl p Hazard 95% Cl p
ratio? ratio?
Schizophrenia Either Either 1.21 1.06-1.39 0.010 1.22 1.05-1.42 0.010
Male Male 1.40 1.06-1.85 0.039
Male Female 1.37 1.06-1.78 0.052
Female Male 117 0.92-1.48 0.27
Female Female 1.15 0.88-1.50 031
Affective disorder Either Either 1.29 1.14-1.45 < 0.0001 1.34 1.16-1.54 < 0.0001
Male Male 1.28 0.98-1.68 0.12
Male Female 1.28 0.98-1.66 0.12
Female Male 1.28 0.96-1.72 0.16
Female Female 1.38 1.17-1.63 0.0002

" This subset contained 87 % of the 487 sibships with at least one member diagnosed with schizophrenia but no member with major affective disorder, 86 % of the 378 sib-
ships with at least one member diagnosed with major affective disorder but no member with schizophrenia, and 71% of the 234 sibships with at least one schizophrenic

sibling and at least one affective disorder sibling

2 Note: Mean relative increase in hazard for proband 10 years younger at first hospitalization. Estimates, 95% confidence intervals Cl, and p-values were estimated for ten

random proband selections, and the averages reported

more likely that at least one of the family members is
hospitalized at a young AAO. To remove this potential
bias due to family size, we restricted the analysis to only
families with exactly two hospitalized siblings (Table 2).
In these sibships, we still see an increased hazard of hos-
pitalization for schizophrenia associated with younger
onset proband (schizophrenic or affective).

As also shown in Table 2, when gender of the proband
and gender of the sibling were considered, with few ex-
ceptions hazard ratios were quite similar in magnitude.
Power to detect significant AAO effects was, however,
lower due to the reduced sample sizes in subgroups.
There was a suggestion of a larger effect of the male
proband AAO on hazard of schizophrenia in both male
and female siblings. In contrast, for affective disorders,
the hazard ratio was largest when examining the effect
of female proband AAO on the hazard among female
siblings. However, tests of interaction were nonsignifi-
cant.

Specificity of effect between AAO of proband and
morbidity risk in sibling(s)

Since the vast majority of individuals in the sample suf-
fered from a psychotic illness, it is possible that the ob-
served similarity of effect of proband AAO between
schizophrenia and affective disorder may reflect shared
risk factors for psychosis in general. We found that sib-
lings of randomly selected schizophrenic probands had
a significantly increased risk of affective disorders for
each 10-year decrease in proband AAO (HR =1.50,95%
confidence interval:1.28, 1.75), but the risk of other psy-
chiatric conditions was not increased (HR=1.15, 95%
confidence interval: 0.96, 1.37). A parallel analysis
showed that, for siblings of affective disorder probands,

risk of schizophrenia was significantly increased with
each 10-year decrease in proband AAO (HR=1.32,95%
confidence interval: 1.17, 1.49), and, to a lesser extent,
risk of other psychiatric conditions (HR=1.20, 95%
confidence interval: 1.04, 1.38).

Gender of proband and morbidity risk in sibling(s)

In male siblings, we found an increased risk of schizo-
phrenia (HR =1.25,95 % confidence interval: 0.96,1.65),
but a decreased risk of affective disorder (HR=0.83,
95% confidence interval: 0.58, 1.18), although these
trends were nonsignificant. However, neither gender of
schizophrenic proband nor gender of affective disorder
proband was related to sibling risk of schizophrenia or
affective disorder. As expected, it was the diagnosis of
proband that significantly predicted schizophrenia or
affective disorder in siblings. A sibling of a male schizo-
phrenic proband had a greater increased risk of a schiz-
ophrenia diagnosis than that of a sibling of a male affec-
tive disorder proband (HR=1.84, 95% confidence
intervals:1.08, 3.14), while the risk of affective disorder
was significantly reduced (HR=0.43, 95% confidence
intervals: 0.25, 0.75). Similarly, a sibling of a female
schizophrenic proband had a significantly greater risk of
schizophrenia than a sibling of a female affective disor-
der proband (HR =2.30, 95 % confidence intervals: 1.57,
3.38), whereas the risk of affective disorder was signifi-
cantly reduced (HR=0.58, 95% confidence intervals:
0.37,0.93). Of further note, AAO of proband with schiz-
ophrenia or affective disorder remained predictive of
morbidity risk in siblings in the context of proband gen-
der and diagnosis (HR =1.26, 95% confidence interval:
1.12,1.40,p=0.001). Gender of the sibling did not mod-
ify this relationship.



Discussion

As in other multifactorial diseases, AAO may be a useful
clinical characteristic to separate out more homogenous
and etiologically distinct forms of both schizophrenia
and major affective disorders. We found evidence for in-
creased heritability associated with a younger AAO of
proband. This relationship was independent of gender
of proband, gender of sibling, and family size. However,
as shown in Table 2, the magnitude of the observed as-
sociation between early onset of proband and morbidity
risk in siblings was modest. This may explain why some
past studies with relatively small samples may have ei-
ther failed to detect an association [19], or observed the
association in males only [29,39]. Interestingly, the mag-
nitude of the association was quite similar for both
schizophrenia and affective disorder and when
probands had schizophrenia and their siblings had af-
fective disorder, and vice versa. This similarity between
the two disorders in AAO effects on heritability might
suggest shared genetic or environmental risk factors. Al-
though controversy remains about the genetic relation-
ship between schizophrenia and affective illness, there is
increasing evidence for overlap. For instance, Berrettini
[6] reviewed epidemiological, family, and molecular
linkage studies in schizophrenia and bipolar disorders
and concluded that the two disorders may share some
genetic risk factors.

Our results also suggest an increased heritability of
schizophrenia and affective disorders in younger onset
probands relative to other psychotic conditions. This
may reflect the cross-heritability of these two disorders
[6], or alternatively diagnostic misclassification. Al-
though judged to be adequately stable, the stability of an
initial clinical diagnosis of affective psychoses has been
shown to be lower than that of an initial clinical diagno-
sis of schizophrenic psychoses, with considerable move-
ment from affective disorders towards schizophrenia
[11]. It is also possible that the increased heritability of
schizophrenia and affective disorders in younger onset
probands relative to other psychotic conditions may re-
flect the considerable diagnostic heterogeneity within
the group of other psychiatric conditions, including
both functional and organic psychoses. On the other
hand, the slightly increased risk of other conditions in
siblings of probands with younger onset schizophrenia
or affective disorder may indicate the magnitude of
residual bias associated with the strong cohort effects in
the data. If this was the case, it is worthwhile to note that
this bias would not fully account for the overall findings
(Table2).

We observed that the magnitude of association be-
tween younger onset schizophrenic probands and risk of
affective disorders in siblings was somewhat greater
than that of schizophrenia in siblings, and vice-versa.
This was likely due to the selection of the random
proband. When one selects a schizophrenic proband, the
risk of hospitalization with schizophrenia among sib-
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lings is somewhat reduced relative to the risk of hospi-
talization with another psychiatric condition, just due to
the ascertainment and the fact that all siblings were hos-
pitalized with some disorder.

The results of our study also provided data on
proband gender and familial risk. The schizophrenia lit-
erature has suggested that gender may be another use-
ful clinical characteristic to separate out more homoge-
nous and etiologically distinct forms of illness. AAO of
schizophrenia was on average 3 years younger in males
than females, while AAO of affective disorder was simi-
lar in both males and females. Some have speculated this
gender difference in AAO of schizophrenia could occur
if one or more of the genes for schizophrenia is sex-
linked [9, 10, 28], although there is no evidence for this.
Alternatively, the actions of autosomal genes may be
modulated differently in the two sexes. Our results, how-
ever,showed that gender of proband, with schizophrenia
or affective disorder was not significantly associated
with morbidity risk in siblings. Further, there was no ev-
idence of a significant interaction effect between
proband gender and AAO on familial risk, previously
suggested by others [29, 39]. However, different results
might be seen if the sample were not constrained to only
hospitalized individuals.

Some methodological limitations of our study should
be acknowledged. If the affective disorders in this
archival sample include less serious forms of psy-
chopathology than schizophrenia, hospitalization rates
in siblings with affective disorders may be lower than
that observed for the schizophrenic siblings (which ap-
pear to be close to 100 %), and this could have biased our
results. There is no compelling reason to believe that the
hospitalization rates for siblings with schizophrenia and
those with affective disorders would differ dramatically.
The vast majority of individuals included in Penrose’s
sample suffered from a severe psychotic disorder. Over
the years, it has been consistently reported in the litera-
ture that most individuals with serious psychotic disor-
ders are hospitalized [22]. Another potential limitation
relates to the use of historical clinical diagnoses. We jus-
tified their use on the basis of generally conservative di-
agnostic practices and findings comparable to those of
contemporary studies in terms of the proportions of rel-
evant diagnoses (e.g., approximately equal percentage
of individuals in schizophrenia and affective disorder
categories) and demographic characteristics (e. g., later
AAO for affective psychotic disorders than schizophre-
nia). Nevertheless, the mean AAO for schizophrenia is
older than that typically reported in contemporary sam-
ples. It is possible that some of the siblings with a later
onset, in particular those first hospitalized after age 45
years, would not receive a diagnosis of schizophrenia,
using current narrow diagnostic criteria. This raises the
question as to whether the observed effect of proband
younger AAO on siblings’ risk of schizophrenia is simply
due to a portion of later onset probands in the Penrose
data set being incorrectly diagnosed with schizophre-
nia. This explanation, however, is inconsistent with the



228

results of the analysis, showing an increase in sibling
risk for each 10-year decrease in proband AAO. Plots of
this effect showed that it was quite linear across age (re-
sults not shown). Thus, the effect of AAO on sibling risk
is seen even among young AAO probands where diag-
nostic inaccuracies may be less prevalent. Finally, this
study focused predominantly on psychotic disorders
that may be related to familial liability to schizophrenia
and to affective disorders. It is, therefore, unclear
whether our findings are generalizable to all possible
schizophrenia-related disorders, including schizotypal
and paranoid personality disorders [18] and the full
spectrum of affective disorders. The utility of early AAO
in contemporary genetic studies of schizophrenia and
affective disorders may, therefore, vary depending on
the definition of the phenotype used. Moreover, the di-
agnostic heterogeneity of the other psychiatric condi-
tion group makes it difficult to rule out the possibility
that the observed increased heritability of schizophre-
nia and affective disorder in siblings of younger onset
probands reflects an underlying vulnerability to psy-
chosis in general, rather than to schizophrenia or affec-
tive disorder.

In conclusion, the results are consistent with previous
studies that suggest early AAO reflects enhanced famil-
ial liability to schizophrenia and to affective disorder
and that gender of proband appears to be less important
to familial risk. The extent to which early AAO indicates
a genetic liability to either schizophrenia or affective
disorder, and the relative influence of other environ-
mental or biological factors on AAO, however, remain
unknown. Although early AAO may not reflect increased
genetic susceptibility for all forms of schizophrenia and
affective disorder, these results suggest that early AAO
may be a useful strategy in genetic studies of both dis-
orders.

Appendix 1

In these survival models, we are modeling the hazard of first hospitalization as a
function of the proband AAO. The age-specific hazard of first hospitalization is the
probability of hospitalization at age A given that the individual has not been hos-
pitalized immediately prior to age A. For first hospitalization with schizophrenia, we
write the hazard as h(As;). The proportional hazards model separates a baseline
hazard from covariate effects x, so that h(Asz|x) = hy(As7) exp(bs; xs7). The baseline
hazard hy(Asz) will be a function of incidence rates of other disorders, conditional on
sampling a proband with schizophrenia. It cannot be used to estimate population
prevalence of schizophrenia among siblings of a proband, since only hospitalized
siblings are in the data set. The covariate of interest is the schizophrenic proband
age at first hospitalization, AAOs;.

Hazard are functions of the probability of being hospitalized before age A,
P(a<A).Let H denote the fact that a sibling has been hospitalized; let /(SZ) denote
that the proband is schizophrenic.

In the Penrose sample, we are estimating P(a <A | H, I(5Z), AAOysz). (1

If unaffected siblings were also sampled, we would be able to estimate

P(a<A|l(SZ), AAOysy) =P(a <A|H, I(5Z), AAOysz) P(H|1(SZ), AAOy(sz). )

This equality holds since P(a <A |not(H), I(5Z), AAOysz) = 0.

Note that P(H|/(SZ), AAOysz), the probability of a sibling being hospitalized, may
depend on the AAO of the proband. So the covariate effect being measured in (1)
and in (2) may be different. Nevertheless, we assume that the effect of the proband
AAQin P(H I, AAO) is similar for schizophrenics and affective disorders. With this as-
sumption, we can compare the estimates bsz and b, from (1).
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