
Copyright 2016 American Medical Association. All rights reserved.

Observed Cognitive Performance and Deviation
From Familial Cognitive Aptitude at Age 16 Years
and Ages 18 to 20 Years and Risk for Schizophrenia
and Bipolar Illness in a Swedish National Sample
Kenneth S. Kendler, MD; Henrik Ohlsson, PhD; Briana Mezuk, PhD; Jan O. Sundquist, MD, PhD; Kristina Sundquist, MD, PhD

IMPORTANCE Proposal of an innovative approach to clarify the mechanism through which
poor cognitive performance in adolescence impacts risk for schizophrenia (SZ).

OBJECTIVE To determine whether the developmental processes that predispose to SZ are
better reflected by the observed cognitive performance in adolescence or the deviation of
that performance from the individual’s familial cognitive aptitude (FCA).

DESIGN, SETTING, AND PARTICIPANTS A prospective cohort design. Risk for SZ and bipolar
illness (BPI) are predicted by school achievement (SA) at age 16 years and IQ at ages 18 to 20
years and the deviation of that performance from an individual’s FCA. Familial cognitive
aptitude is calculated from the SA, IQ, and educational attainment in biological relatives.

MAIN OUTCOMES AND MEASURES Diagnoses of SZ or BPI in the Swedish Hospital Discharge
Register and the Swedish Outpatient Register.

RESULTS Participants were 996 886 individuals with recorded SA and 106 187 individuals
with recorded IQ born in Sweden between January 1, 1972, and December 31, 1990, with
sufficient numbers of biological relatives to calculate their FCA. The first cohort is 48.7%
female, and the second is all male. Risk for SZ was strongly predicted by the deviation of SA
from the FCA (hazard ratio [HR], 0.56; 95% CI, 0.49-0.63) but not with the observed SA
(HR, 1.01; 95% CI, 0.91-1.13). Similar results were obtained for IQ (HR, 0.53; 95% CI, 0.37-0.77
for the deviation from the FCA and HR, 1.07; 95% CI, 0.78-1.46 for the observed IQ). After
matching SZ and control probands on cognitive performance, the siblings of the SZ probands
had SA and IQs that did not differ from population means and were significantly higher in
cognitive performance than for the siblings of control probands. Correlations in SA and IQs
between the pre-SZ probands and their siblings were significantly lower than those observed
between the matched control probands and their siblings. Risk for BPI was more weakly
predicted by deviations from the FCA. No differences were found in the SA and IQs of siblings
of BPI vs matched control probands.

CONCLUSIONS AND RELEVANCE The neurodevelopmental processes that predispose to SZ are
not well reflected by cognitive performance per se but rather are much better indexed by the
deviation in cognitive ability from that expected from an individual’s FCA. The lowered
cognitive performance in the pre-SZ probands appears to arise from qualitative
developmental impairments rather than an unlucky combination of the genetic and
environmental risk factors widely distributed within their family.
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T he neurodevelopmental model of schizophrenia (SZ) hy-
pothesizes that deficits in cognition arise years before
the emergence of clinical symptoms.1-3 Two major pro-

spective designs have tested this hypothesis. The most com-
mon has been to examine the association between cognitive
performance and risk for subsequent SZ. Such studies have con-
sistently shown that poor cognitive performance predicts SZ
risk.4-6 Rarer have been longitudinal designs with at least 2 mea-
sures of cognitive performance that can evaluate the degree to
which the cognitive deficits predictive of SZ are static or
progressive.7,8

We propose a third design. Relying on the strong familial
resemblance for cognitive performance,9-11 we compare in a
16-year-old Swedish sample the risk of SZ from their observed
school achievement (SA) and the difference between their
observed SA and their familial cognitive aptitude (FCA)
assessed from direct measures in their relatives. We extend
these analyses to the prediction of SZ from a different mea-
sure of cognitive performance (IQ assessed at ages 18-20
years). We hope to clarify whether the neurodevelopmental
processes that predispose to SZ are best indexed by poor cog-
nitive performance or whether these pathogenic process are
more accurately measured by the degree to which individuals
fall short of their FCA.

We also want to know whether the lowered cognitive
performance of pre-SZ individuals results from an unfortu-
nate combination of the same genetic and environmental fac-
tors affecting cognitive aptitude in their siblings or from the
developmental processes distinct from those operating in
their close relatives. Therefore, we match pre-SZ individuals
to controls on their level of cognitive performance and com-
pare the SA and IQ in the 2 sets of siblings. If individuals des-
tined for SZ just got an unlucky combination of the genes and
environment distributed among their siblings, then the cog-
nitive performance of the 2 groups of siblings should be simi-
lar. Furthermore, the correlation in cognitive performance
between probands who develop SZ and their siblings should
be the same as that seen between the matched control pro-
bands and their siblings. However, if the developmental fac-
tors impacting on the SZ proband were outside the range of
those experienced by their relatives, then the cognitive per-
formance of their siblings should be higher than that of the
siblings of the matched controls, and the proband sibling cor-
relations for SA and IQ should be lower in the SZ than the
control sibships.

We repeated all these analyses for bipolar illness (BPI) as an
important comparison group. Prior research is mixed as to the
relationship of BPI with premorbid cognitive functioning.7,8,12-15

Methods
We analyzed information on individuals from Swedish popu-
lation-based registers with national coverage. These registers
were linked using each person’s unique identification num-
ber replaced by a serial number to preserve confidentiality. We
secured ethical approval for this study from the Regional Ethi-
cal Review Board of Lund University.

The National School Registry contains educational achieve-
ment (ie, grade point average) for all students in grade 9 (usu-
ally age 16 years) from 1988 to 2012. Students had an incen-
tive to perform well because those scoring higher were more
likely to gain admission to the desirable secondary schools. For
each year and sex, we standardized grade score and called this
variable SA. From 1988 to 1997, the score was expressed on a
scale between 1 and 5 (mean, 3.2), and students were as-
sessed by a peer-referencing system.16 Under this system,
grades had minimal inflation over time and were normally dis-
tributed. From 1998 onward, scores were expressed on scale
between 10 and 320 using a criterion-referenced system and
were not standardized across schools.

The Military Conscription Register (1990-2008) in-
cludes, for almost all men in Sweden 18 to 20 years old, a full
medical assessment, including IQ measured by 4 subtests rep-
resenting logical, spatial, verbal, and technical abilities. Dur-
ing these years, the examination was legally required. Only
those with serious medical conditions or disabilities were ex-
cused (approximately 4.2%). The global IQ, a summation of
the 4 subtests, was standardized to give a gaussian score be-
tween 1 and 9. For each year, we standardized the score.

From the Swedish Hospital Discharge Register and the
Swedish Outpatient Register, we identified all individuals reg-
istered for SZ and BPI. Schizophrenia was defined by a life-
time diagnosis of the following International Classification of
Diseases (ICD) codes: ICD-9 codes 295.1, 295.2, 295.3, 295.6,
and 295.9 and ICD-10 codes F20.0, F20.1, F20.2, F20.3, F20.5,
and F20.9. We excluded cases of acute, latent, and schizoaf-
fective SZ.

Bipolar illness was defined by a lifetime diagnosis of the fol-
lowing ICD codes: ICD-9 codes 296.0, 296.1, 296.4, 296.5, 296.6,
296.7, and 296.8 and ICD-10 codes F31 and F30. We applied a
lifetime hierarchical diagnostic approach so that individuals di-
agnosed as having BPI never received a SZ diagnosis.

We began with all individuals born in Sweden between
January 1972 and December 1990 who had not died or mi-
grated before age 16 years (n = 1 861 934). From the Multigen-
erational Register, we also selected all siblings, cousins, and par-
ents for these individuals. The first analysis included individuals
with recorded SA at age 16 years and at least 1 sibling and 1 cousin
with measures of SA and both parents with educational status

Key Points
Question Are the developmental processes that predispose to
schizophrenia better indexed by observed cognitive performance
in adolescence or the deviation of that performance from the
individual’s familial cognitive aptitude?

Findings The risk for schizophrenia was strongly predicted by the
deviation of school achievement from the familial cognitive
aptitude but not at all by observed school achievement. Similar
results were obtained for IQ.

Meaning The neurodevelopment processes that predispose to
schizophrenia are not well reflected by cognitive performance per
se but rather are much better indexed by the deviation in ability
from that expected given the cognitive potential of the family.
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(996 886 [53.5% of those eligible]). Educational status among
biological parents was categorized into the following 5 age
groups and standardized: (1) younger than 9 years, (2) 9 years,
(3) 10 to 11 years, (4) 12 years, and (5) older than 12 years. We
then performed a linear regression analysis with proband SA
as the outcome. The predictor variable, which we called FCA,
included the mean SA in siblings, mean SA in cousins, and edu-
cational status in the mother and father. The resulting re-
sidual was called the deviation in the FCA. We then used Cox
proportional hazards regression models to investigate risk for
SZ (and BPI) in individuals as a function of their SA, deviation
in the FCA, and (in an additional model) their interaction. We
then constructed and analyzed in the same way a second sub-
sample of 106 187 men with recorded IQ and SA and IQs avail-
able on at least 1 sibling and 1 cousin and educational status of
both parents from calculation of a second FCA. The relevant
correlations in relatives were parent educational attainment of
+0.49, sibling SA and IQ of +0.49 and +0.43, respectively, and
cousin SA and IQ of +0.23 and +0.18, respectively.

In Cox proportional hazards regression models, robust
standard errors were used to adjust the 95% CIs to reflect that
the analytic sample contained individuals from the same fam-
ily. Furthermore, we weighted each individual based on the
number of siblings and cousins that were included in the FCA,
weighted 0.5 and 0.125, respectively. Follow-up time in years
was measured from the year of the SA (or IQ) until the year of
the first registration for SZ (or BPI), death, emigration, or end
of follow-up (end of 2012), whichever came first. In all mod-
els, we investigated the proportionality assumption, which ex-
amines whether the hazard ratio (HR) is constant over follow-
up. When it was not fulfilled, we divided the effect into the
following 3 periods: the first 4 years of follow-up, years 5 to
14, and after 14 years.

In the next step, we selected all possible full-sibling pairs
from the source population (n = 1 765 096). We then selected
all pairs where the proband was registered for SZ and his or her
sibling was not (n = 2859). To each pair, we matched 3 pairs
(n = 8577) where the control proband was matched on SA, year
of birth, and sex, while the control sibling only had the same
year of birth and sex as the proband sibling. The control pro-
band could not have been registered for SZ. We then tested the
difference in SA between the proband sibling and the control
sibling using hierarchical linear model to account for the match-
ing. All analyses were repeated using IQ for the male SZ pro-
bands (n = 396) and matched control probands (n = 1188). We
then repeated these analyses with the same methods for BPI
first matched on SA (9997 probands and 29 991 controls) and
IQ (624 probands and 1872 controls). Statistical analyses were
performed using a software program (SAS, version 9.3; SAS In-
stitute Inc).17

Results
Prediction of Risk for SZ and BPI From SA at Age 16 Years
and Deviation From the FCA
The prevalence rates of SZ and BPI among our first cohort
were 0.16% (1,570/996,889) and 0.58% (5750/996,865),

respectively. The strongest predictors of FCA were, in order,
SA in siblings, SA in cousins, and parents’ educational status
(Table 1). The mean deviations from the FCA for individuals
with SZ and BPI were −0.404 and −0.239, respectively. The
HR for SZ was predicted robustly by the deviation from the
FCA (HR, 0.56; 95% CI, 0.49-0.63) but not by the observed
SA (HR, 1.01; 95% CI, 0.91-1.13). For BPI, the HR was signifi-
cantly and equally predicted by the deviation from the FCA
(HR, 0.83; 95% CI, 0.78-0.89) and by the observed SA (HR,
0.84; 95% CI, 0.79-0.88).

The predicted HRs for SZ as a function of SA and FCA,
relative to an individual with a mean SA (0 SD) from a family
with a mean FCA (0 SD), are shown in Figure 1. This figure
can be usefully viewed in 2 ways. Focusing on level of FCA,
in individuals with an average FCA, the HRs for SZ were esti-
mated at 3.63, 1.75, 0.68, and 0.55, respectively, if their
observed SA was substantially or moderately below the
mean (ie, −2 or −1 SD) or moderately or substantially above
the mean (ie, +1 or +2 SDs). Alternatively, we can attend to
the observed SA. Taking those with an average SA (the white
columns in Figure 1), the HRs for SZ were 0.35, 0.59, 1.68,

Table 1. Prediction of Risk for Schizophrenia and Bipolar Illness From
School Achievement and the Deviation From Familial Cognitive Aptitude

Variable
Schizophrenia
(n = 996 889)

Bipolar Illness
(n = 996 865)

Cases, No. (%) 1570 (0.2) 5750 (0.6)

Weightings for familial
cognitive aptitude, mean (SD)

Sibling’s school
achievement

0.423 (0.000) 0.423 (0.000)

Cousin’s school
achievement

0.139 (0.001) 0.139 (0.001)

Mother’s educational
status

0.118 (0.000) 0.118 (0.000)

Father’s educational status 0.110 (0.001) 0.110 (0.001)

Deviation from predicted
school achievement,
mean (SD)

−0.404 (0.970) −0.239 (0.950)

Prediction of illness onset,
hazard ratio (95% CI)

School achievement 1.01 (0.91-1.13) 0.84 (0.79-0.88)

Deviation from familial
cognitive aptitude

0.56 (0.49-0.63) 0.83 (0.78-0.89)

Male vs female 1.88 (1.68-2.11) 0.47 (0.44-0.50)

Interaction of school
achievement and deviation
from familial cognitive
aptitude, hazard ratio
(95% CI)

School achievement 1.05 (0.94-1.17) 0.87 (0.82-0.92)

Deviation from familial
cognitive aptitude

0.59 (0.52-0.68) 0.89 (0.83-0.95)

School achievement ×
deviation from familial
cognitive aptitude

1.09 (1.05-1.14) 1.11 (1.09-1.14)

Male vs female 1.90 (1.69-2.13) 0.47 (0.44-0.50)

Proportionality assumption

Follow-up 0-4 y 0.46 (0.37-0.56) 0.79 (0.70-0.90)

Follow-up 5-14 y 0.56 (0.49-0.65) 0.83 (0.77-0.89)

Follow-up ≥15 y 0.62 (0.50-0.76) 0.86 (0.78-0.94)

P value for proportionality
assumption

.001 .01
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and 2.83, respectively, if the FCA was substantially or mod-
erately below the mean (ie, −2 or −1 SD) or moderately or
substantially above the mean (ie, +1 or +2 SDs). Of note, an
individual with low FCA (−2 SD) who performed as predicted
from their family background (ie, had an SA −2 SDs below
the population mean) had no significant increased risk for SZ
(HR, 0.91). However, an individual with above-average SA
(+1 SD) was at a 62% increased risk for SZ if their FCA was
even higher (+2 SDs).

For both SZ and BPI, a significant interaction was ob-
served between the deviation from the FCA and SA, indicat-
ing that this relationship was strongest for individuals with low
observed SA. The proportionality assumption for the Cox pro-
portional hazards regression model was not met for the de-

viation from the FCA because it more strongly predicted risk
of illness onset in the earlier than in the later years of fol-
low-up (Table 1).

SA in Unaffected Siblings of Individuals With SZ and BPI
and Matched Controls
As shown in Figure 2, the siblings of the SZ probands had SA
that did not differ from the population mean and was signifi-
cantly higher than that of the siblings of the matched control
probands (P = .003). By contrast, for BPI, the SA of the sib-
lings of the probands and controls was almost identical
(P = .67). Pearson product moment correlations in SA be-
tween the pre-SZ probands and their siblings (+0.43) was sig-
nificantly lower than that observed between the matched

Figure 1. Hazard Ratio (95% CI) for First Registration for Schizophrenia in 996 889 Swedish Individuals Born
1972 to 1990 as a Function of Their School Achievement at Age 16 Years and Their Familial Cognitive Aptitude
Calculated From School Achievement in Full Siblings and Cousins and Educational Status in Parents
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Figure 2. Mean (95% CI) School Achievement (Assessed at Age 16 Years) or IQ (Assessed at Ages 18-20 Years) for Individuals Who Go On to Develop
Schizophrenia or Bipolar Illness and Matched Controls and Their Full Siblings
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control probands and their siblings (+0.52) (P < .001). Paral-
lel figures for BPI were +0.45 and +0.51 (P < .001).

Prediction of Risk for SZ and BPI From IQ
at Ages 18 to 20 Years and the Deviation From the FCA
The prevalence rates of SZ and BPI among our second cohort
were 0.2% (180/106187) and 0.3% (339/106185), respectively
(Table 2). The strongest predictors of FCA were, in order, IQ
in siblings, educational status in parents, SA in siblings, and
IQ and SA in cousins. The HR for SZ was strongly predicted by
the deviation from the FCA (HR, 0.53; 95% CI, 0.37-0.77) but
not by the observed IQ (HR, 1.07; 95% CI, 0.78-1.46). The HR
for BPI was more weakly associated with the deviation from
the FCA (HR, 0.77; 95% CI, 0.59-1.00) and not at all with the
observed IQ (HR, 1.03; 95% CI, 0.83-1.28). For neither SZ nor
BPI was there a violation of the proportionality assumption.
A significant interaction was seen between IQ and the devia-
tion from the FCA in the prediction of BPI but not SZ.

IQ in Unaffected Siblings of Individuals With SZ and BPI
and Matched Controls
We conducted parallel analyses of IQ in the well siblings of the
probands and matched controls with SZ and BPI (Figure 2). For
SZ, the results were qualitatively similar to those obtained with
SA but with a larger effect size. The siblings of the SZ pro-
bands had a mean IQ at the population average, while the sib-
lings of the matched controls had mean IQs of −0.18 SD
(P = .002). The sibling IQs for the BPI and control probands did
not differ (P = .66). Pearson product moment correlation in IQ
between the pre-SZ probands and their siblings (+0.40) was
significantly lower than that observed between the matched
control probands and their siblings (+0.48) (P < .05). Similar
results of +0.39 and +0.47 were seen for BPI (P < .05).

Discussion
Schizophrenia
We propose an innovative approach to clarify the underlying
nature of the association between premorbid cognitive perfor-
mance and risk for SZ that permitted us to determine the
degree to which risk for SZ is reflected by (1) an individual’s
observed cognitive performance in adolescence and (2) the
degree to which the performance deviates from that predicted
from their relatives (ie, their FCA). We conducted these analy-
ses using the following 2 measures of cognitive performance:
SA in both sexes at age 16 years and IQ in men at ages 18 to 20
years. Risk for SZ was strongly predicted by the deviation
from the FCA and not at all by the actual SA. The same pat-
terns of findings were observed for IQ. We are not the first to
examine an FCA-like construct in SZ. Keefe et al18 considered
a “cognitive function decrement” for SZ defined as current
cognitive functioning compared with that predicted from
reading level (an index of prior intellectual function) and
maternal education.

We then sought to determine whether the lowered cogni-
tive performance in the pre-SZ probands results largely from
an unlucky combination of the genetic and environmental risk

factors distributed within their sibship or from a qualitatively
different process. Our results favored the second hypothesis
because the SA of the siblings of the SZ probands was signifi-
cantly higher than that of the siblings of the matched con-
trols and only slightly different from the population mean.
Using IQ, we found a similar but even more robust pattern.
These results are not entirely consistent with most (but not
all19) prior studies that report moderate decreases in cogni-
tive performance in siblings of SZ probands vs controls.20,21 Fi-
nally, the proband sibling correlations in SA and IQ were sig-
nificantly lower in families with a pre-SZ vs control proband.

These results have 2 major implications for the develop-
mental theory of SZ. First, they suggest that the lowered cog-
nitive performance or the neurobiological developmental pre-
cursors thereof do not, in and of themselves, impact strongly
on risk for SZ. Rather, the neurodevelopmental process that
increases risk for SZ is better indexed by a decline in cognitive
performance from what would be expected given an individu-
al’s FCA. Our cross-sectional findings analyzed using a co-
relative design are thus congruent with prior longitudinal
studies7,8 that find declining cognitive functioning over de-
velopment to predict SZ risk, including recent evidence for a
similar process in 22q11.2 deletion carriers.22 Second, we found
consistent, albeit indirect, evidence that the pathological neu-
rodevelopmental processes that predispose to SZ arise from
etiologic factors that are distinct from the more normative fac-
tors that impact on cognition in these families.

Table 2. Descriptive Statistics for the Prediction of Risk for Schizophrenia
and Bipolar Illness From IQ and the Deviation From Familial
Cognitive Aptitude

Variable
Schizophrenia
(n = 106 187)

Bipolar Illness
(n = 106 185)

Cases, No. (%) 180 (0.2) 339 (0.3)

Weightings for familial
cognitive aptitude, mean (SD)

Sibling’s school
achievement

0.108 (0.000) 0.108 (0.000)

Cousin’s school
achievement

0.019 (0.004) 0.019 (0.004)

Mother’s educational status 0.125 (0.003) 0.125 (0.003)

Father’s educational status 0.114 (0.003) 0.114 (0.003)

Sibling’s IQ 0.281 (0.004) 0.281 (0.004)

Cousin’s IQ 0.082 (0.004) 0.082 (0.004)

Deviation from predicted IQ,
mean (SD)

−0.403 (0.920) −0.169 (0.940)

Prediction of illness onset,
hazard ratio (95% CI)

IQ 1.07 (0.78-1.46) 1.03 (0.83-1.28)

Deviation from familial
cognitive aptitude

0.53 (0.37-0.77) 0.77 (0.59-1.00)

Interaction of IQ and
deviation from familial
cognitive aptitude,
hazard ratio (95% CI)

IQ 1.08 (0.79-1.49) 1.04 (0.84-1.30)

Deviation from familial
cognitive aptitude

0.55 (0.38-0.80) 0.79 (0.61-1.02)

IQ × deviation from familial
cognitive aptitude

1.09 (0.92-1.27) 1.19 (1.08-1.31)

P value for proportionality
assumption

.27 .51
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It is helpful to interpret these results in the context of
early studies23,24 that examined IQs of siblings of probands
with very low vs moderately low IQ. Counterintuitively, the
sibling IQs were substantially higher in the first than the sec-
ond group. This finding is likely because the developmental
processes impacting on very low IQ probands were typically
chromosomal anomalies, birth trauma, or recessive mende-
lian disorders that were not present in their siblings. We sug-
gest that a similar process may be occurring in SZ. Some
pathogenic developmental insult of substantial effect size is
preventing normal cognitive development in the pre-SZ indi-
vidual but not, at least to a first approximation, in other
members of a sibship. This result would explain both why
the cognitive functioning of the unaffected siblings in such
sibships is substantially greater than that in the siblings of
the matched controls because those unaffected siblings were
not exposed to the developmental insult. A major impact on
cognitive performance in the pre-SZ probands but not the
siblings would also cause the observed decrease in the pro-
band sibling correlations in those families. While not a focus
in this study, it is noteworthy that our findings are consistent
with prior evidence that little of the association between SA,
IQ, and SZ in the Swedish cohorts we have studied can be
explained by transmissible genetic factors impacting on both
traits.25-27

Bipolar Illness
We conducted an identical set of analyses on risk for BPI to help
contextualize our SZ findings. Consistent with prior findings
of the association with premorbid cognitive performance and
BPI,7,8,12-15 some results for BPI were similar to those found for
SZ and others quite different. Like SZ, risk for BPI was pre-
dicted by the deviation from the FCA (whether measured using
SA or IQ), although the magnitude of the association was sub-
stantially weaker. Unlike SZ, risk for BPI was predicted by the
observed SA even after accounting for the deviation from the
FCA. Unlike SZ, the cognitive performance of the siblings of
BPI probands was indistinguishable from that of the siblings
of the matched controls. Like SZ, correlations within siblings
for SA and IQ were attenuated in the pairs containing an af-
fected proband. These results suggest both quantitative and
qualitative differences in the association of premorbid cogni-
tive performance and disease risk for BPI vs SZ.

Limitations
These results should be interpreted in the context of 5 meth-
odological limitations. First, our sample was restricted to Swe-
den and may not extrapolate to other populations. Second, be-
cause our analyses required probands with information on SA
or IQ in siblings and cousins and educational attainment in par-
ents, our sample was not entirely representative of the Swed-
ish population, having a slightly higher SA and IQ and a slightly
lower risk for SZ and BPI.

Third, we relied on hospital diagnoses for SZ and BPI. Two
studies have found using record reviews28 and diagnostic
interviews29 that 96% and 94%, respectively, of Swedish cases
with hospital diagnoses of SZ met DSM-IV criteria for SZ.30 Hos-
pital diagnoses of BPI in Sweden have also been validated by
record review.31

Fourth, the prevalence rates for SZ were quite low in our
sample. This finding was likely a result of our selected co-
hort, narrow definition of illness, and limited years of fol-
low-up (mean age at follow-up, 30 years).

Fifth, SA was evaluated differently in Sweden from 1987
to 1997 and after 1998. To test for the equivalence of the as-
sociation with psychiatric outcomes between the 2 measures
of FCA, we added a dummy variable for SA measured in 1987
to 1997 vs 1998 onward. We then examined the interactions
between the dummy variable and the deviation from the FCA
in predicting risk for SZ and BPI. None of these interactions were
significant, indicating that the 2 measures of SA were equally
predictive of our key outcomes.

Conclusions
Using a large population-based prospective cohort design, we
found that the neurodevelopmental processes that impact on
SZ risk are not well indexed by cognitive performance mea-
sured in adolescence per se. The risk process is much better
reflected by the deviation in performance from that expected
given the cognitive abilities of close relatives. Our results fur-
ther suggest that the lowered cognitive performance of indi-
viduals who go on to develop SZ arises largely from a qualita-
tive developmental impairment rather than just an unlucky
combination of the genetic and environmental risk factors al-
ready present in their families.
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