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Abstract
Objective—To clarify the relationship between 1Q and subsequent risk for schizophrenia.

Method—IQ was assessed at ages 18-20 in 1,204,983 Swedish males born 1951-1975.
Schizophrenia was assessed by hospital diagnosis through 2010.

Results—IQ had a monotonic relationship with schizophrenia risk across the 1Q range with a
mean change of 3.8% in risk per 1Q point. This association, stronger in the lower versus higher 1Q
range, was similar if onsets within five years of testing were censored. No increased risk for
schizophrenia was seen in those with highest intelligence. Co-relative control analyses showed a
similar 1Q-schizophrenia association in the general population and in cousin, half-sibling and full-
sibling pairs. A robust interaction was seen between genetic liability to schizophrenia and 1Q in
predicting schizophrenia risk. Genetic susceptibility for schizophrenia had a much stronger impact
on risk of illness for those with low versus high intelligence. The 1Q-genetic liability interaction
arose largely from 1Q differences between close relatives.

Conclusions—IQ assessed in late adolescence is a robust risk factor for subsequent onset of
schizophrenia. This association is not the result of a declining 1Q associated with insidious onset.
In this large, representative sample, we found no evidence for a link between genius and
schizophrenia. Co-relative control analyses show that the association between lower 1Q and
schizophrenia is not the result of shared familial risk factors and may be causal. The strongest
effect was seen with 1Q differences within families. High intelligence substantially attenuates the
impact of genetic liability on the risk for schizophrenia.
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Speculations about the nature of the relationship between 1Q and severe psychiatric illness
began in the early 1900s shortly after the development of standardized intelligence tests
(1;2). A recent meta-analysis of 12 studies including over 750,000 subjects examined the
prospective relationship between 1Q and schizophrenia, and concluded that I1Q had a
relatively consistent dose-response relationship with an increased risk for schizophrenia of
~ 3.7% for every 1Q point decrease (3). We here undertake a further study of this question
in a prospective sample larger than all the prior published studies combined.

We address four questions about the 1Q-schizophrenia relationship, the first two of which
attempt to refine earlier findings. First, can we confirm the prior association of 1Q and
schizophrenia risk, and rule out the possibility that this association reflects prodromal effects
of an impending schizophrenic illness? Second, can we clarify, in more detail than
previously possible, the “dose-response” relationship between 1Q and risk for
schizophrenia? Is the association linear or non-linear, and if non-linear is the association
stronger at lower or at higher 1Qs (3)? Furthermore, is the association monotonic so that the
lowest risk for schizophrenia is seen with the highest 1Q? Or, as suggested by some prior
analyses (3), is the function U-shaped with the lowest risk at moderately high 1Qs and the
highest 1Q scores associated with a greater risk of illness?

We then examine two important questions about the 1Q-schizophrenia association that have
not, to our knowledge, been previously addressed. First, using a co-relative design, can we
determine the degree to which the association between 1Q and schizophrenia arises from
shared familial/genetic factors or from a possible causal relationship? Second, what is the
etiologic relationship between genetic liability to schizophrenia and premorbid 1Q? Do these
two risk factors add together in their effect or do they interact? If they interact, does a high
genetic liability to schizophrenia have a greater impact on those with low, or those with high

1Q?

We used data from multiple Swedish nationwide registries linked by the unique individual
Swedish 10-digit personal ID number assigned at birth or immigration to all Swedish
residents. This ID number was replaced by a random number to preserve confidentiality. As
illustrated in figure 1, the analyses here reported were largely based on four Swedish
registries: i) the Military Conscription Register, which includes cognitive assessments for
nearly all 18-year-old men in Sweden; ii) the Total Population Register, containing annual
data on family status; iii) the Multi-Generation Register, providing information on family
relations; and iv) the Swedish Hospital Discharge Register, containing all hospitalizations
for Swedish inhabitants from 1964-2010. We also used data from the Swedish Mortality
Register to calculate the follow-up time in our hazard models. The Swedish military service
conscription examination involves a full medical assessment including cognitive function
(1Q) measured by four subtests representing logical, spatial, verbal, and technical abilities.
During the years covered by this study, this examination was required by law. Of men born
in Sweden, only those with serious medical conditions or disabilities were excused (~4.2 %
of individuals). The global 1Q score, derived from a summation of the four subtests, was
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standardized to give a Gaussian distributed score between one and nine. We translated this
into units of the Wechsler Adult Intelligence Scale with a mean of 100, SD=15.

Schizophrenia was defined in the Swedish Hospital Discharge Register by the following
ICD codes: ICD8: 295.1, 295.2, 295.3, 295.5, 295.6; ICD9: 295B, 295C, 295D, 295G,
295X; and ICD10: F20.0, F20.1, F20.2, F20.3, F20.5, F20.8, and F20.9. Non-affective
psychosis was defined according to the following ICD codes: ICD8: 295, 297, 298.2, 298.3,
298.9; ICD9: 295, 297, 298C, 298E, 298W, 298X; and ICD10: F2. The ratio of NAP to
schizophrenia cases in our sample is 2.14:1. We secured ethical approval for this study from
the Regional Ethical Review Board of Lund University.

The database began with all male individuals in the Swedish population born 1951 to 1975
who were registered in the Military Conscription Register (N=1,324,117). 85,432 had no
information for the 1Q variable; 33,376 were missing data for the conscription examination;
and 326 had a registration of schizophrenia prior to their conscription examination. In total
we investigated 1,204,983 male individuals, 87.2% of all male individuals born in Sweden
during 1951-1975 who survived to age 18.

We used Cox proportional hazards models to investigate the future risk for schizophrenia in
individuals as a function of their 1Q score. Robust standard errors were used to adjust the
95% confidence intervals (Cls) as we had several individuals from the same family. Follow-
up time in number of years was measured from year of conscription examination until year
of first registration for schizophrenia, death, emigration, or end of follow-up (year 2010),
whichever came first. In all models, we investigated the proportionality assumption. In a
second step, we wanted to compare the results from the entire population with the results
from a co-relative design. By means of the Swedish Multi-Generation Register, we
identified all full-sibling, half-sibling pairs, and first-cousin pairs. Using stratified Cox
proportional hazards models, we performed three analyses on all full-sibling, all half-sibling
and all first-cousin pairs that did not have the same 1Q score from the conscription register,
with a separate stratum for each relative pair. The co-relative design allows us to contrast the
rates of schizophrenia in relatives with different levels of 1Q. The stratified Cox proportional
hazards models provides a Hazard ratio (HR) for IQ that is adjusted for the familial cluster,
and, therefore, accounts for an array of shared genetic and environmental factors.

To investigate the etiologic relationship between genetic liability to schizophrenia and 1Q,
we calculated a genetic liability score for schizophrenia. First, we calculated the morbid risk
for schizophrenia for the population born 1940-1989 using an abridged Weinberg age
correction (4). We defined three age groups defined as the first, second+third, and fourth
quartiles of the age distribution of first schizophrenia registration: <28 years weighted 0;
28-42 years weighted 0.5; and individuals > 42 years weighted 1. Thereafter, we performed
a logistic regression analysis based on information from the Swedish population born
1940-1989 (n=5,646,776), and their relatives (MZ twins, DZ twins and full-siblings, half-
siblings, mother, father, and cousins). The model outcome variable was schizophrenia and
the predictor variable the morbid risk of schizophrenia among the different relative types.
The resulting beta weights for the genetic liability score, which followed quantitative genetic
expectations, are seen in table Al. We did not use standard family history scores (5) because
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they pool relatives thereby ignoring the large impact on risk of schizophrenia in specific
relatives resulting from fitness effects (6;7). We generated the beta weights in the same
sample to which we applied them. While this traditionally might result in “over-fitting,” this
is a minimal concern when the entire population is being assessed.

This model produced a predicted probability for schizophrenia ranging between 0.36% and
79%, termed the genetic liability score. We repeated this approach applied to genetic
liability to non-affective psychosis (table A2). We sought to examine the interaction
between 1Q and genetic liability on risk for schizophrenia. Along with Rothman (8), we
favor a risk difference over a risk ratio approach to this question because it adopts a public
health perspective asking if more cases of illness will arise when individuals at low versus
high disease liability from one factor (genetic risk) are exposed to low versus high levels of
another risk factor (1Q) (9). Therefore, we analyzed interactions using an identity link
function. In the first model we estimated the interaction between 1Q and genetic liability
using the identity link. We, thereafter, sought to investigate whether this interaction was
driven by between-families or within-families 1Q effects. Within each set of full-siblings, we
calculated the between and the within value of 1Q (the between value is the mean value for
each set of full-siblings, while the within value is each sibling's deviation from the mean
value in the sibling set). In these models the genetic liability was averaged over all siblings
within each set of siblings. We then performed a regression model using the identity link
and robust standard errors, with the genetic liability score, the between-sibling sets 1Q score,
the within-siblings sets 1Q score, and the two interaction terms: one with the between 1Q
score and the genetic liability score; and one with the within 1Q score and the genetic
liability score. We could then see if the interaction effect was due to between or within 1Q
effects, as the genetic liability score was held constant for all siblings within a sibling set.
All statistical analyses were performed using SAS 9.3 (10).

The Nature of the 1Q-Schizophrenia Relationship

Our first analyses examined, in all males born 1951-1975 for whom conscript registry data
was available (n=1,204,983), whether an onset of schizophrenia was recorded in the
hospital discharge registry after the conscription examination (path 1 in figure 1). Such an
onset was found in 0.49% of these individuals (n=5,948). The risk for schizophrenia in each
of the 1Q deciles declined monotonically (figure 2), although the slope of the decline was
steeper in the lower than in the higher 1Q range.

A linear model fitted to these data produced a hazard ratio (HR) of 0.962 (95%
0.960-0.964), a change of 3.8% in risk for schizophrenia per 1Q point. We next added a
quadratic function to capture the steeper then more shallow function seen in figure 2. It was
also significant, producing the following model: linear effect 0.967 (0.965; 0.969) and
quadratic effect 1.001 (1.000; 1.001).
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The Possible Effect of a Prodrome

One possible mechanism for an association between 1Q and schizophrenia risk would be a
decline in 1Q as individuals entered a prodromal state associated with an insidious onset. If
this mechanism were important, then the 1Q-schizophrenia association should decline
substantially if we censor onsets of schizophrenia occurring soon after 1Q testing. We
repeated analyses predicting the linear risk for first-onset of schizophrenia in those who
were free of recorded schizophrenia episodes during the five-year period after administration
of the 1Q test (N=682, 11% of all cases). The linear association (0.963 (0.961; 0.965)) was
nearly identical to that seen initially.

Co-Relative Analyses

For our co-relative analyses, we located male-male full-sibling, half-sibling and cousin pairs
from the population and multigenerational registries who also had 1Q data in the conscript
registry and matched them to the discharge registry (paths 2 in figure 1). For simplicity, our
co-relative analyses utilized the linear model only. In our entire sample, the HR for
schizophrenia was 0.962 (0.960; 0.964). As seen in figure 3, the observed schizophrenia-1Q
associations in co-relative pairs with differing 1Qs (that is, their 1Q scores were not in the
same decile) were: first-cousin pairs (notg=514,692; concordant affected n=12; discordant
n=3,643; concordant unaffected n=511,037) 0.963 (0.961; 0.966); half-sibling pairs
(niota=52,137; concordant affected n=3; discordant n=644; concordant unaffected n=51,490)
0.968 (0.961; 0.974); and full-sibling pairs discordant for 1Q (nytg=232,648; concordant
affected n=52; discordant n=2,239; concordant unaffected n=230,357) 0.956 (0.952; 0.960).
We were unable to estimate this effect within MZ pairs due to the very small available
sample size (6 pairs discordant for both 1Q and schizophrenia).

Interaction between IQ and Genetic Liability

Using the population and multigeneration registries, we located all available cotwins,
parents, full- and half-siblings, and first cousins of our sample and matched these individuals
to the discharge registry to calculate a genetic liability score (paths 3 in figure 1) which
equaled the weighted function of the risk for schizophrenia in relatives. As seen in table 1,
our regression model, implementing a risk difference approach to interactions, showed
strong main effects for both 1Q and genetic liability score, and a robust negative interaction:
-0.0019 (SE - 0.0001) (p<< 0.0001). Figure 4 illustrates the predicted risk for schizophrenia
as a function of premorbid 1Q at five levels of increasing genetic liability. In the lower 1Q
range, large differences in risk for schizophrenia are seen in individuals with varying levels
of genetic liability. However, at higher 1Qs, the impact of genetic liability on risk for
schizophrenia decreases substantially and nearly disappears at the highest 1Q level.

We repeated these analyses using a broader definition of genetic liability based on rates of
nonaffective psychosis (NAP) in relatives. The results were similar (table 1), although
differences in risk at the highest 1Q level were somewhat greater than that seen with the
narrower definition of genetic liability (Figure A.1).

Finally, we examined in full-sibships (488,794 individuals from 224,003 families), the
prediction of schizophrenia onset as a function of: i) genetic liability to schizophrenia, ii) a
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within-sibship 1Q effect, and iii) a between-sibships 1Q effect, and iv) the interactions
between genetic liability and the within- and between-sibship 1Q effects. As seen in table 2,
while both interaction effects were significant, the interaction between genetic liability to
schizophrenia and the within-sibship 1Q effect was an order of magnitude stronger than that
seen between genetic liability and the between-sibship 1Q effects. These results suggest that,
congruent with our co-relative findings, the overall interaction observed in our sample
between 1Q and genetic liability to schizophrenia is largely driven by a greater pathogenic
effect of genetic risk on individuals with a lower 1Qs compared to their close relatives.

Discussion

We sought in this paper to address, in a nearly complete sample of Swedish males born
1951-1975, four questions about the relationship between 1Q as assessed in late adolescence
and subsequent risk for schizophrenia. First, we sought to replicate prior associations
between 1Q and future risk for schizophrenia. A linear hazard ratio model showed an
increase in risk of onset of 3.8% with the decline of one IQ point. This estimate is nearly
identical to the estimate of 3.7% obtained from the most recent meta-analysis (3). We also
examined whether this association declined if we began our follow-up 5 years after 1Q
assessment, thereby eliminating most schizophrenia cases that would have been in a
prodromal stage of schizophrenia at testing. Congruent with a prior Finnish study that
examined a 1 year “blocked out” interval, (11), we found no change in the association with
our delayed follow-up period. The observed 1Q-schizophrenia association does not, to any
appreciable degree, appear to result from declines in intelligence in subjects undergoing an
insidious schizophrenic onset at the time of testing.

Our second goal was to clarify, with our large sample, the nature of the “dose-response”
relationship between 1Q and risk for schizophrenia. Inspection of the raw data (figure 2)
revealed a monotonic relationship beginning with a relatively steep slope in the low 1Q
range with the slope declining as IQ increased. Model fitting, consistent with results of the
recent meta-analysis (3), verified these impressions showing both a significant linear and a
significant quadratic function.

In an examination of the five strongest prior studies of the 1Q-schizophrenia relationship,
three of these studies showed, compared to subjects with a moderately high 1Q (~120),
greater risks of illness in those at the highest 1Q levels (3). A Finnish study found substantial
enrichment for cases of schizophrenia among those with the highest level of academic
achievement in high school (12). Such findings suggest a relationship between
schizophrenia and “genius” (13-15). However, our results show no evidence for this. Risk
for schizophrenia in our highest 1Q category (mean 1Q 129; 0.19%) was lower than that in
the next highest group (mean 1Q 122; 0.24%).

Third, we sought to clarify the nature of the association between IQ and schizophrenia. Both
intelligence and schizophrenia risk are strongly familial largely because of genetic factors
(16-18). Therefore, the 1Q-schizophrenia association could plausibly arise because of
genetic and/or familial-environment factors predisposing both to low IQ and risk for
schizophrenia. This hypothesis is consistent with evidence that: i) several candidate genes
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for schizophrenia are associated with lowered 1Q (19;20); ii) identified copy number
variants increase risk both for schizophrenia and intellectual disability (21); iii) an exome
study in schizophrenia found enrichment in intellectual disability loss-of-function de novo
mutations (22); iv) children at high genetic risk for schizophrenia were shown to have
lowered 1Q (23) and v) one prior twin study demonstrated a strong negative genetic
correlation between 1Q and schizophrenia liability (24).

Our results were inconsistent with this hypothesis. Within relative pairs with differing 1Qs,
the association between intelligence and schizophrenia was as strong as in the general
population. Furthermore, no trend was seen for the association to be attenuated (i.e., the HR
to approach unity) in siblings who share half their genes and are typically reared together
compared to that seen in cousin pairs (who share 1/8! of their genes and are rarely reared
together) or, to that seen in the general population with no control for familial influences.
However, our results are broadly congruent with a previous Swedish twin-sibling analysis
that reports a very modest genetic correlation between 1Q, as assessed at conscription, and
schizophrenia (25). Our co-relative results are most consistent with the hypothesis that some
environmental risk factors not shared with close relatives impact on brain functioning in a
way that both lowers IQ and predisposes to risk for schizophrenia.

Our final goal was to illuminate the nature of the joint effects of genetic liability to
schizophrenia and 1Q on the risk for schizophrenia. We were particularly interested in
distinguishing between additive effects — where liability to schizophrenia would reflect the
independent contributions of genetic risk and 1Q — versus an interactive model in which the
impact of genetic liability to schizophrenia is moderated by 1Q. If we found an interactive
model, would sensitivity to genetic effects be greatest in those with low or with high 1Q?

Our results robustly supported an interactive rather than the additive model for the joint
effects of genetic liability and 1Q on risk for schizophrenia. Furthermore, the interaction
arose because individuals with low 1Q were much more sensitive to the effect of genetic
liability than those with high 1Q. That is, high 1Q substantially attenuated the impact of
genetic liability on risk for schizophrenia. We extended these findings by examining a
broader definition of genetic liability as assessed in relatives (non-affective psychosis) and
produced similar findings. Follow-up analyses demonstrated that, consistent with our co-
relative findings, the 1Q-genetic liability interaction arose largely from 1Q differences
between close relatives.

This is not the place for speculative theories about why the still poorly understood genetic
pathways of risk for schizophrenia might be more penetrant in individuals at low versus high
intelligence. If our results are replicated, we can provide one important clue for
neuroscientists and molecular geneticists. The changes in brain function that are expressed
as low or high intelligence, and that convey sensitivity or resistance to the pathogenic effects
of genetic liability to schizophrenia, appear to arise environmentally and will be seen most
clearly in close relatives who differ in intelligence.

We are not the first to examine the relationship between 1Q assessed in Swedish conscripts
and subsequent risk for schizophrenia. Gunnell et al (26) and Zammit et al (27) examined
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109,643 and 50,087 conscripts evaluated in 1990-1997 and 1969-1970, respectively. As
expected, our results on the association of 1Q and schizophrenia are congruent with their
prior findings both of which were included in the recent meta-analysis (3). The agreement
between our results and those of the meta-analysis are thus slightly biased because of sample
sharing, although only 9.6% of schizophrenia cases from the meta-analysis came from these
two Swedish studies (3).

These results should be interpreted in the context of five potentially important
methodological limitations. First, our sample was restricted to Swedish males. Second, we
required a single hospital diagnosis of schizophrenia. Two studies found, using record
reviews (28) and diagnostic interviews (29), that 96 and 94% of Swedish cases with hospital
diagnoses of schizophrenia, respectively, met DSM-1V criteria for schizophrenia (30). When
we narrowed our diagnosis to require = 2 hospital diagnoses, the prevalence declined to
0.37%. Neither the linear (0.962 (0.959; 0.964)) effect of 1Q on schizophrenia nor the results
of the full-sibling co-relative control analyses (0.957 (0.952; 0.962)) changed appreciably.
Third, 1Q was available only as a global score in 9 categories, the uppermost with a mean of
129. Therefore, we might have failed to detect small increases in risk for schizophrenia
associated with very high 1Q scores or with high levels of specific cognitive abilities.
Fourth, using a planned risk-difference approach (9), we observed a robust interaction in
predicting schizophrenia from 1Q and genetic liability. However, when these results were
analyzed using a risk ratio approach, as implemented in Cox proportional hazards models,
no significant interaction was found (p=0.27). To a first approximation, the impact of 1Q and
genetic liability to schizophrenia on risk for schizophrenia in this sample is the product of
the two individual risks, not the sum. Fifth, diagnostic practices might differ by social class
and indirectly by 1Q. Such a bias is unlikely to explain much of the observed 1Q-
schizophrenia association because, in this sample, 1Q also strongly predicts the HR for other
non-affective psychoses: 0.971 (95% Cls 0.969-0.972).

Conclusions

1Q as assessed in late adolescence is a robust predictor for subsequent risk for schizophrenia
and this association is not the result of a declining 1Q associated with insidious onset. The
nature of the association is monotonic, although stronger in the lower than in the higher 1Q
range. In our large and representative sample, we found no evidence for a link between
genius and schizophrenia. Rather, the risk for schizophrenia was lowest in the group with
the highest premorbid 1Q. Co-relative control analyses show that the 1Q-schizophrenia
association does not result from shared genetic or familial-environmental risk factors and
may be causal. Using a risk-difference model, a robust interaction was seen between genetic
liability to schizophrenia and I1Q in predicting schizophrenia risk. Genetic susceptibility for
schizophrenia had a much stronger impact on risk of illness for those with a low versus a
high 1Q. This 1Q-genetic liability interaction arose largely from IQ differences between
close relatives.
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Figure 1.
Key Features of the Research Design — Data was obtained from 4 major Swedish National

Registries: the Conscript Registry, the Population and Multigeneration Registries and the
Hospital Discharge Registry. The three major analyses of this paper are illustrated.
Examining the risk for schizophrenia as a function of priori 1Q is accomplished by matching
information from the Conscript Registry, via path 1, to the discharge registry. Performing
co-relative analyses of the relationship between 1Q and schizophrenia required obtaining
male-male co-relative pairs with 1Q data from the population, multigeneration and conscript
registries and then matching those pairs with the discharge registry. These steps are
indicated as path 2. Calculating the genetic risk for schizophrenia, used to jointly predict,
along with 1Q, the risk for schizophrenia, required the location of available cotwins, parents,
siblings and cousins of individuals from the conscript registry in the population and
multigeneration registries and then matching them to the discharge registry. These steps are
indicated as path 3.
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Observed Prevalence of Schizophrenia as a Function of Premorbid 1Q score. Schizophrenia
is assessed using hospital diagnoses. Only onsets after 1Q testing are included.
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Figure 3.
Hazard Ratios with 95% confidence intervals for schizophrenia as a function of the

premorbid IQ score in the general population and in first cousins, half-siblings and full
siblings discordant for 1Q score. Within these relative pairs with differing 1Qs, the
association between 1Q and schizophrenia is as strong as that seen in the general population.
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Figure4.

Predicted probability of schizophrenia as a function of premorbid 1Q score and five
increasing levels of genetic liability to schizophrenia as predicted by risk of illness in
parents, full and half-siblings and cousins. These levels correspond to the following familial
configurations: i) no relatives affected with schizophrenia; ii) an affected mother; iii) all full
siblings affected; iv) an affected monozygotic cotwin and v) an affected father, all full

siblings affected and 20% of first cousins affected.
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Table 2
Prediction of Future Risk for Schizophrenia from Genetic Liability to Schizophrenia, a

Within-Sibship Effect of 1Q, a Between-Sibships Effect of |Q and Their Interaction Using
an ldentity Link Function

Between/Within Model

Beta SE P-value

Intercept -0.006 | 0.0016 0.0003
Between effect of 1Q -0.0004 | 0.0003 | 0.2254
Within effect of I1Q 0.0074 | 0.0012 | <0.0001

Genetic Liability to Schizophrenia | 0.0442 | 0.0043 | <0.0001

Interaction (within)” -0.0239 ( 0.0032 | <0.0001

Interaction (between)” ™ -0.0021 | 0.0008 | 0.0093

Interaction between the within sibship effect of 1Q and Genetic liability to schizophrenia

*%

Interaction between the between sibship effect of IQ and Genetic liability to schizophrenia
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