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KEYWORDS Abstract

Schizophrenia; Schizophrenia patients (SCZ) display widespread cognitive deficits that are strongly associ-
First-degree relatives; ated with functional outcomes. Cognitive impairments occur along a genetic continuum among
Premorbid 1Q; SCZ, their unaffected first-degree relatives (FRs) and healthy controls (HCs). Although SCZ
Present 1Q; impairs the premorbid intelligence quotient (IQ) and causes a subsequent intelligence de-
Intelligence decline cline (ID), a decrease in present IQ from the premorbid level, it remains unclear when dur-

ing the illness course these impairments develop. Differences in premorbid and present 1Q
and ID were investigated among 125 SCZ, 61 FRs and 107 HCs, using analysis of covariance
and a paired t-test. Furthermore, these subjects were classified into preserved and deterio-
rated 1Q groups based on the degree of ID, and we investigated which factors contribute to
this classification. We found significant differences in premorbid and present IQ among the
diagnostic groups. Compared with HCs, SCZ and FRs displayed lower premorbid and present
1Q. There was no significant difference in premorbid 1Q between SCZ and FRs, but SCZ had
a significantly lower present IQ than FRs. Only SCZ showed a significant ID. As most FRs
and HCs did not display an ID, there were fewer subjects with deteriorated 1Q among FRs
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and HCs than among SCZ. Subjects with preserved 1Q showed higher educational attainment
than those with deteriorated I1Q among SCZ and FRs. These findings suggest that the impair-
ment of premorbid 1Q and the ID in SCZ become evident before and around the time of
onset, respectively, and different pathophysiological mechanisms might be related to these

impairments.

© 2019 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction

Cognitive impairment, i.e., a decrease of 1 to 2 standard de-
viations (SDs) in cognitive function on a neuropsychological
test compared to the results of healthy individuals, is a core
feature of schizophrenia (SCZ) (Keefe and Fenton, 2007;
Schaefer et al., 2013) and contributes to social and/or occu-
pational dysfunction and poor life outcomes (Green, 1996;
Green et al., 2000; Kahn and Keefe, 2013). Although the di-
agnosis of SCZ is currently based on positive and negative
symptoms, such as delusions, hallucinations, blunted af-
fect and withdrawal, cognitive impairments and these psy-
chotic symptoms are relatively independent dimensions of
SCZ (Badcock et al., 2005). The focus on psychotic symp-
toms as the primary target for research and treatment of
the disorder has obscured an obvious issue: SCZ is not pri-
marily a psychotic disorder; it is a cognitive illness (Kahn
and Keefe, 2013). Cognitive impairments in patients with
SCZ are poorly addressed by current antipsychotic medica-
tions.

A lower intelligence quotient (IQ) in childhood is associ-
ated with a high risk of SCZ spectrum psychoses (Agnew-
Blais et al., 2015). In addition to impairments in childhood
IQ, impairments in premorbid 1Q during adolescence and
young adulthood, with a decrease of approximately half an
SD compared to that of control subjects, are associated with
subsequent development of SCZ (Woodberry et al., 2008).
These impairments in premorbid 1Q in patients with SCZ
may be caused by early neurodevelopmental abnormalities
(Weinberger, 1987; Sommer et al., 2016).

SCZ patients exhibit relatively intact levels of crystal-
lized intelligence on the National Adult Reading Test (NART)
and the Wechsler Test of Adult Reading (WTAR) and gen-
eral knowledge (Vocabulary) on the Wechsler Adult Intelli-
gence Scale (WAIS) (Mathias et al., 2007; Dykiert and Deary,
2013; Mullen and Fouty, 2014); in addition, the crystallized
intelligence of SCZ patients is stable over time (Morrison
et al., 2000). Therefore, crystallized intelligence, as mea-
sured by these tests, is used to estimate the premorbid IQ
in SCZ patients. On the other hand, many SCZ patients dis-
play impairments in fluid intelligence, i.e., present IQ, as-
sessed by full-scale 1Q or subscales, such as Similarity and
Arithmetic, on the WAIS (Wells et al., 2015; Ohi et al.,
2017c).

Intelligence decline (ID) represents intraindividual dif-
ferences in intelligence function at different time points.
The ID in SCZ patients is defined as a decrease in present
IQ (after the onset of schizophrenia) from the premor-
bid level (before onset) (Badcock et al., 2005; Hashimoto
et al., 2013; Fujino et al., 2017; Ohi et al., 2017c). A meta-
analysis of pre- and postonset testing within the same sam-

ple demonstrated that ID in SCZ patients was related to
the onset of psychosis (Woodberry et al., 2008). Based on
premorbid and present 1Q estimates, SCZ patients can be
classified into preserved, deteriorated and compromised 1Q
groups (Weickert et al., 2000; Badcock et al., 2005; Kremen
et al., 2008; Potter and Nestor, 2010; Leeson et al., 2011;
Mercado et al., 2011; Ammari et al., 2014; Wells et al.,
2015; Weinberg et al., 2016; Ohi et al., 2017c). Approxi-
mately 30% of SCZ patients have a decline of less than 10
points. In contrast, approximately 70% of SCZ show a dete-
rioration of 1Q (Ohi et al., 2017c). The distinct subtypes of
ID in patients with SCZ may reflect different courses of neu-
rodevelopmental abnormalities and may be associated with
different prognoses.

Cognitive impairments are prominent around or after
the onset of schizophrenia, while in a substantial propor-
tion of cases, these impairments exist even before disor-
der onset (Sheitman et al., 2000; Kremen et al., 2010;
Benyamin et al., 2014). First, we hypothesize that cog-
nitive impairments in SCZ patients precede the onset of
psychosis by several years, i.e., premorbid IQ is impaired,
and the 1Q impairment progresses around or after disease
onset, i.e., ID. Therefore, diverse molecular mechanisms
may underlie the pathophysiology of impaired premorbid
IQ and ID. Unaffected first-degree relatives of SCZ patients
(FRs) exhibit slight cognitive impairments (Green, 2006;
Toulopoulou et al., 2010; Hill et al., 2013), indicating that
cognitive impairments occur in a genetic continuum among
SCZ patients, FRs and healthy controls (HCs) (Ohi et al.,
2017b). These cognitive impairments could be useful inter-
mediate phenotypes for understanding the genetic mecha-
nisms implicated in the pathophysiology of SCZ (Ohi et al.,
2017b). However, it is unknown whether the cognitive im-
pairments in FRs are comparable to the impairment in pre-
morbid 1Q, the ID, or both, and it remains unclear whether
not only SCZ patients but also FRs display both impairments
in premorbid 1Q and an ID. Second, we hypothesize that HCs
and FRs would not display a significant ID between premor-
bid and present IQ because HCs and FRs do not develop the
illness. On the other hand, not all SCZ patients display an ID,
as evidenced by the preserved IQ group. Furthermore, it re-
mains unclear which factor contributes to the classification
of preserved and deteriorated 1Q. To resolve these clinical
questions, we utilized cognitive data for SCZ patients and
HCs, as well as FRs. In this study, we first investigated diag-
nostic differences in premorbid and present 1Q among SCZ
patients, FRs and HCs. We next investigated whether SCZ
patients, FRs and HCs display an ID, a decrease in present
IQ from the premorbid level. Then, we investigated differ-
ences in demographic variables between IQ groups based on
the degree of ID.
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Table 1. Demographic variables among patients with schizophrenia, their unaffected first-degree relatives and healthy subjects.

Variables HC FR SCZ p values (F or x2) post hoc
(n=107) (n=61) (n=125)

Age (years) 39.3+£16.5 59.0+14.3 43.0+13.4 7.94 x 10—15 (36.4) HC<FR, FR>SCZ

Gender (male/female) 69/38 22/39 54/71 3.35 x 10—4 (16.0)* -

Education (years) 15.7+£2.7 12.8+£2.2 12.5+2.1 2.11 x 10—24 (66.2) HC>FR, SCZ

CPZ-eq (mg/day) 0 0 488.2 +491.4 - - -

Age at onset (years) = = 27.9+11.4 = =

Duration of illness (years) - - 15.1+11.7 - -

PANSS positive symptoms - - 15.94+6.2 - -

PANSS negative symptoms - - 17.9+6.9 - -

HC, healthy controls; FR, unaffected first-degree relatives of patients with schizophrenia; SCZ, patients with schizophrenia; and CPZ-eq;
chlorpromazine equivalents of total antipsychotics. The mean =+ SD is shown.
a 2 test. P values<0.05 are shown in boldface and underlined, and post hoc analysis was performed.

2. Experimental procedures

2.1. Subjects

The subjects consisted of 125 SCZ patients (54 males/71 females,
mean age+SD: 43.0+ 13.4 years), 61 unaffected FRs (43 parents/14
siblings/4 offspring, 22 males/39 females, 59.0 + 14.3 years) and
107 HCs (69 males/38 females, 39.3+16.5 years). The study sam-
ple was recruited from the Schizophrenia Non-Affected Relative
Project (SNARP) at Kanazawa Medical University. All subjects were
of Japanese descent. Patients and their unaffected FRs were re-
cruited from both the outpatient and inpatient populations at
Kanazawa Medical University Hospital. Each patient was diagnosed
by at least two trained psychiatrists based on unstructured clinical
interviews, medical records and clinical conferences (Ohi et al.,
2016b, 2017a, 2018a, 2018b; Yasuyama et al., 2016). The SCZ pa-
tients were diagnosed according to the criteria in the fifth edi-
tion of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5). Their unaffected FRs were evaluated using the nonpa-
tient version of the Structured Clinical Interview for DSM-IV (SCID)
to exclude individuals who had current or past contact with psy-
chiatric services or who had received psychiatric medication. HCs
were recruited through local advertisements and from among hos-
pital staff at Kanazawa Medical University and were also evaluated
using the nonpatient version of the SCID to exclude individuals who
had current or past contact with psychiatric services, who had re-
ceived psychiatric medication or who had a family history of any
neuropsychiatric diseases among second-degree relatives. Subjects
were excluded from the analysis if they had neurological or medical
conditions that could affect the central nervous system, including
atypical headache, head trauma with loss of consciousness, chronic
lung disease, kidney disease, chronic hepatic disease, active can-
cer, cerebrovascular disease, thyroid disease, epilepsy, seizures,
substance-related disorders, current steroid use or intellectual dis-
ability. The demographic information of the three diagnostic groups
is summarized in Table 1. The mean age, gender ratio and years of
education differed significantly among the groups (p<0.05). Cur-
rent clinical symptoms in SCZ patients were evaluated using the
Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987).
Written informed consent was obtained from all participants af-
ter the procedures had been thoroughly explained. This study was
performed in accordance with the Declaration of Helsinki from the
World Medical Association and was approved by the Research Ethi-
cal Committee of Kanazawa Medical University.

2.2. Premorbid and present 1Q

The NART is a test that was developed to estimate premorbid 1Q
because reading ability is relatively intact in SCZ patients (Dalby

and Williams, 1986), and its validity has been confirmed in English-
speaking SCZ patients (Amminger et al., 2002; Badcock et al., 2005;
Schretlen et al., 2007). The Japanese version of the NART (JART,
Matsuoka et al., 2006) is widely used to estimate premorbid 1Q
in Japanese-speaking patients, as an equivalent to the NART (Ohi
et al., 2013a, 2013b, 2014, 2015, 2016a, 2016c, 2017a). To mea-
sure the premorbid 1Q, we administered the JART. In contrast, to
measure the present 1Q, we measured the full-scale 1Q with the
Japanese version of the WAIS-IIl (Wechsler 1997; Sumiyoshi et al.,
2016; Fujino et al., 2017; Ohi et al., 2017c). The subjects were
assessed by trained psychologists to obtain a full-scale 1Q on the
WAIS-III.

23. ID

ID can be estimated by subtracting the estimated premorbid 1Q
from the present IQ using the Adult Reading Test and the WAIS, re-
spectively (Badcock et al., 2005; Hashimoto et al., 2013; Sumiyoshi
et al., 2016; Fujino et al., 2017; Ohi et al., 2017c). According to the
degree of ID, the participants were typically classified into three
distinct subgroups based on intellectual level: the deteriorated,
preserved and compromised IQ groups (Weickert et al., 2000; Bad-
cock et al., 2005; Kremen et al., 2008; Potter and Nestor, 2010; Lee-
son et al., 2011; Mercado et al., 2011; Ammari et al., 2014; Wells
et al., 2015; Weinberg et al., 2016; Fujino et al., 2017; Ohi et al.,
2017c). Subjects who showed a deteriorated 1Q elicited a > 10-point
difference between present and premorbid IQ, while subjects who
showed a preserved or compromised IQ did not show such a decline
(<10-point difference). Furthermore, the latter subjects were di-
vided into subjects with preserved and compromised 1Q based on
an estimated premorbid IQ score >90 or below 90, respectively.

(a) Deteriorated 1Q: Subjects with a difference of 10 points or
more between estimated premorbid and present 1Q.

(b) Preserved IQ: Subjects with a less than 10-point difference
between estimated premorbid and present 1Q and with an es-
timated premorbid IQ score >90.

(c) Compromised 1Q: Subjects with a less than 10-point differ-
ence between estimated premorbid and present 1Q and with
an estimated premorbid 1Q below 90.

As the compromised IQ subgroup generally includes SCZ patients
who have intellectual disability, and subjects who have intellec-
tual disability were excluded from the present study during recruit-
ment, we compared the deteriorated and preserved IQ groups with-
out including the compromised 1Q group in further analysis.
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2.4. Statistical analyses

All statistical analyses were performed using IBM SPSS Statistics
24.0 software (IBM Japan, Tokyo, Japan). Differences in continuous
variables, such as age and years of education, among diagnostic
groups were analyzed using analysis of variance (ANOVA). Differ-
ences in categorical variables, such as gender, were analyzed using
Pearson’s x? test. The effects of diagnostic status on premorbid
or present IQ were analyzed using analysis of covariance (ANCOVA)
with premorbid and present 1Q as dependent variables and diagnos-
tic status (SCZ, FR or HC) as an independent variable. The effect of
ID classification on years of education was analyzed using ANCOVA,
with years of education as a dependent variable and ID classification
(preserved and deteriorated IQ groups) as an independent variable.
Age and gender were included as covariates in both analyses,
although the present IQ score had already been corrected for age.
Post hoc tests with Fisher’s Least Significant Difference (LSD) test
were used to evaluate significant differences among groups. The ID
between premorbid and present IQ in each diagnostic group was as-
sessed using a paired t-test. Standardized effects were calculated
using Cohen’s d method (http://www.uccs.edu/faculty/lbecker).
The significance level was set at a two-tailed p<0.025 («=0.05/2;
premorbid and present 1Q) to control for type | error.

3. Results

3.1. Differences in premorbid and present IQ
among SCZ patients, FRs and HCs

We investigated diagnostic differences in premorbid and
present 1Q among SCZ patients, FRs and HCs. There was a
significant difference in premorbid 1Q among the diagnostic
groups (Fig. 1, F; 288 = 24.3, p=1.77 x 10~'9). Post hoc anal-
yses showed that SCZ patients and FRs had lower premor-
bid 1Q than HCs (SCZ, Cohen’s d=—0.90, p=4.21 x 107",
FR, d=—0.72, p=2.83 x 10%). There was no significant dif-
ference in premorbid 1Q between SCZ patients and FRs
(d=—-0.15, p=0.36). Premorbid IQ is highly and positively
correlated with years of education (Pearson’s r=0.49,

of illness in schizophrenia patients with preserved and deteri-
orated Q. The intelligence decline of each patient is shown as
a dot. A colored line represents a locally estimated scatterplot
smoothing (LOESS) fit across the duration of illness. (For inter-
pretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

p=6.25x10""°); however, even after including years of
education as a covariate in the ANCOVA, these findings
did not change. We also found significant differences in
present IQ among the diagnostic groups (Fig. 1, F2,265=91.2,
p=2.13 x1073"). Post hoc analyses showed that SCZ pa-
tients and FRs had lower present 1Q than HCs (SCZ,
d=-1.72, p=6.24 x 107", FR, d=—0.50, p=3.41 x 1073).
In addition, SCZ patients had significantly impaired present
IQ compared to that of FRs (d=—1.17, p=3.35x 10~"2).
Present IQ in FRs showed an intermediate impairment, with
scores between those of SCZ patients and HCs.

3.2. IDin SCZ patients, FRs and HCs

We next investigated ID, a decrease in present 1Q from the
premorbid level, in SCZ patients, FRs and HCs. Premorbid 1Q
was significantly and positively correlated with present 1Q
in each group (SCZ, r=0.69, p=3.61x10""°, FR, r=0.69,
p=1.12x10"°, HC, r=0.57, p=1.65x 10-"%). We found
that SCZ patients showed a significant ID between premor-
bid and present 1Q (Fig. 1, t =14.4, p=2.48 x 10-2). In con-
trast, there was no significant ID between premorbid and
present 1Q in FRs or HCs (p>0.05).

3.3. Subjects with preserved and deteriorated 1Q

Based on the degree of ID, patients were classified into
two groups: patients with preserved (n=31, mean ID+SD:
0.01+8.72) and deteriorated 1Q (n=90, —23.58+7.98). Pa-
tients with compromised IQ (n=4) were excluded from fur-
ther analysis, as mentioned in the Materials and Methods
section. As shown in Fig. 2, the ID was not correlated with
the duration of illness in patients with preserved or de-
teriorated 1Q. The ID in each IQ group was relatively sta-
ble over time. We investigated differences in demographic
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variables between SCZ patients with preserved and deteri-
orated IQ (Table 2). Patients with preserved IQ were signifi-
cantly older, with more years of education and fewer chlor-
promazine equivalents of total antipsychotics (CPZ-eq) than
patients with deteriorated 1Q (p<0.05). There were no dif-
ferences in age at onset, duration of illness or psychiatric
symptoms (p>0.05). Even after including age, gender and
CPZ-eq as covariates, the ID classification was significantly
associated with years of education (Fig. 3, Fy1=13.4,
p=3.73 x 10~*). Patients with preserved IQ had more years
of education than those with deteriorated 1Q.

We also classified FRs and HCs into two ID groups: FR: pre-
served (n=53, mean ID+SD: 3.38+8.72) and deteriorated
(n=3, —23.20+8.58); HC: preserved (n=96, 0.68+6.27)
and deteriorated (n=9, —17.00+6.89). As most FRs and HCs
did not display ID, the number of subjects with deteriorated
IQ in the FR and HC groups was obviously smaller than that
in the SCZ group. However, consistent with the results ob-
tained for SCZ patients, FRs with preserved 1Q had more
years of education than FRs with deteriorated 1Q (Fig. 3,
F15,=8.6, p=4.91 x 1073). In contrast, there was no differ-

ence in years of education between HCs with preserved and
deteriorated I1Q (Fy,101/=0.9, p=0.35).

4. Discussion

To our knowledge, this is the first study to comprehensively
investigate premorbid and present intelligence levels and
the decline in those levels among SCZ patients, FRs and HCs.
Both premorbid and present IQ were lower in SCZ patients
and FRs than in HCs. There was no significant difference in
premorbid 1Q between SCZ patients and FRs, while present
IQ was lower in SCZ patients than in FRs. The different find-
ings related to premorbid and present IQ in SCZ and FR were
derived from the ID. Our findings suggest that the impaired
premorbid 1Q in SCZ patients decreases further around or
after the onset of schizophrenia.

We demonstrated that there is an 1Q deterioration beyond
the premorbid deficit in SCZ patients, and unaffected FRs
did not exhibit an ID because they had no onset of illness.
Individuals who develop schizophrenia in adulthood exhibit
IQ deficits in childhood relative to HCs (Agnew-Blais et al.,
2015). These premorbid IQ impairments are evident by age
13 years, many years prior to psychosis onset (Dickson et al.,
2012). Although poor intellectual function is a robust risk
factor for SCZ, it remains unclear whether the 1Q impair-
ment is present at birth, whether a relative developmental
decline occurs at some point prior to the onset of illness and
when during the illness course the ID in SCZ patients occurs.
Meta-analytic studies have indicated no evidence of ID with
age during the premorbid period (Woodberry et al., 2008;
Khandaker et al., 2011). In contrast, some studies found
a significant ID from the premorbid to postonset stages in
SCZ samples compared to comparison subjects (Caspi et al.,
2003; Seidman et al., 2006; Woodberry et al., 2008). Based
on our finding that FRs displayed an impairment in premor-
bid IQ but did not exhibit an ID, we suggest that the ID might
be related to the onset of illness and occur around the time
of onset.

We found a moderate effect size for impairment in pre-
morbid IQ (Cohen’s d=—0.90) and a large effect size for im-
pairment in present IQ (d=—1.72) in SCZ patients compared
to HCs. The effect size for the present IQ was approximately
double the effect size for the premorbid IQ. Compared with
the effect sizes for premorbid 1Q in previous meta-analyses

Table 2. Demographic variables in schizophrenia patients with preserved and deteriorated Q.

Variables Preserved Deteriorated p values (F or x?)
(n=31) (n=90)

Age (years) 46.7 £12.3 41.1+12.8 0.034 (4.6)

Gender (male/female) 17/14 37/53 0.19 (1 .8)a7

Education (years) 13.5+2.0 12.2+2.1 5.30 x 10—3 (8.1)

CPZ-eq (mg/day) 331.9+302.7 543.1 %+ 540.1 0.041 (4.3)

Age at onset (years) 29.44+11.9 26.5+10.2 0.19 (1.7)

Duration of illness (years) 17.0+13.7 14.6 +11.1 0.32 (1.0)

PANSS positive symptoms 14.6 + 6.6 16.1+6.0 0.23 (1.4)

PANSS negative symptoms 15.8+6.3 18.4+7.0 0.067 (3.4)

CPZ-eq; chlorpromazine equivalents of total antipsychotics. The mean + SD is shown.

a 2 test. P values<0.05 are shown in boldface and underlined.
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(d=-0.43 to —0.54) (Woodberry et al., 2008; Khandaker
et al., 2011), the effect size for premorbid IQ in this study
was large (d=-0.90). The present study recruited only SCZ
patients, while the previous meta-analyses included not
only SCZ but also related disorders, such as schizophreni-
form, schizoaffective, schizotypal and other psychotic dis-
orders. In addition, we estimated premorbid IQ after the
onset of SCZ, while these previous studies measured 1Q dur-
ing the premorbid period before onset. These differences
in subjects and methods for measuring premorbid 1Q might
have caused the differences in effect size for premorbid 1Q
among studies. Considering our finding that FRs also showed
impairments in premorbid IQ, i.e., intellectual underperfor-
mance, the degree of premorbid IQ may be, at least in part,
related to the genetic risk for developing SCZ.

Although intellectual underperformance precedes the on-
set of illness, and the ID occurs around the time of onset, it
is unclear whether the ID continues and develops even af-
ter psychosis onset. Based on the degree of ID, our subjects
were classified into two groups: (i) preserved 1Q with a less
than 10-point difference between premorbid and present IQ
and premorbid IQ score >90, and (ii) deteriorated 1Q with
a > 10-point difference between present and premorbid 1Q.
As most FRs and HCs did not display a significant ID, the
number of subjects with a deteriorated IQ in the FR (4.9%)
and HC (8.4%) groups was obviously smaller than that in the
SCZ (72.0%) group. Consistent with previous studies (Keefe
and Fenton, 2007; Ohi et al., 2017c), approximately 30% of
SCZ patients were cognitively intact (preserved IQ group).
A meta-analysis of studies with at least two intelligence
assessments once the diagnosis was established indicated
that SCZ is characterized by a lack of increases in cogni-
tive abilities over time, possibly due to the absence of a
practice effect (Hedman et al., 2013). We showed that the
degree of ID was not correlated with the duration of illness
in SCZ patients with deteriorated or preserved 1Q, suggest-
ing that the ID is stable over time after the onset of illness,
although this correlation was not assessed within the same
subjects. To identify the key period for the ID, further stud-
ies with more frequent assessment of 1Q through the pre-
morbid, prodromal, early and chronic phases of illness are
required.

Consistent with previous studies (Leeson et al., 2011;
Wells et al., 2015), the ID classification (preserved and de-
teriorated 1Q groups) in SCZ patients was differentiated
mainly based on education level but not based on symp-
tom profile, medication age at onset or duration of illness.
SCZ patients with preserved 1Q showed a higher education
level than SCZ patients with deteriorated 1Q. Additionally,
FRs with preserved IQ also had higher educational attain-
ment than FRs with deteriorated 1Q. Poor school achieve-
ment and poor school performance at age 16 are associated
with an increased risk for developing SCZ (MacCabe et al.,
2008). Children with the lowest grades have a 4-fold risk
for SCZ, and repeating a grade carries the highest risk for
SCZ (MacCabe et al., 2008; Kahn and Keefe, 2013; Kendler
et al., 2016). Given that educational attainment is associ-
ated with present IQ, premorbid IQ and ID, educational at-
tainment is a meaningful indicator for functional outcome
in patients with SCZ. We suggest that higher educational at-
tainment may be protective in SCZ, probably by increasing
active cognitive reserve.

There are some limitations to the interpretations of our
findings. The participants in the FR group had familial re-
lationships with the participants in the SCZ group. Shared
genetics, irrespective of the risk for SCZ, might also affect
intelligence function and the familial relationship between
FRs and SCZ patients. The mean scores in both premorbid
and present 1Q among HCs were above the standard mean
score for IQ (100). The mean scores in both premorbid and
present IQ among FRs were almost exactly 100. The higher
IQ of HCs may be reflected by higher educational attain-
ment among our hospital staff. FRs and SCZ patients with
higher educational attainment usually visit university hos-
pitals to receive advanced medical treatments. Therefore,
most of our participants might have higher educational at-
tainment than the general population. Initially, we did not
control for educational level, as it strongly affected pre-
morbid and present 1Q; however, our findings were still sig-
nificant even after correcting for educational level. Intel-
lectual underperformance prior to psychosis has not been
definitively shown to be specific to SCZ. Several psychiatric
disorders other than SCZ also exhibit impairments in pre-
morbid IQ (Koenen et al., 2009; Urfer-Parnas et al., 2010).
However, the premorbid 1Q level could distinguish individ-
uals who later develop SCZ from individuals who later de-
velop other major psychotic disorders, such as bipolar dis-
order.

In this study, using unaffected FRs, we demonstrated that
intellectual underperformance in SCZ patients and FRs pre-
cedes the onset of schizophrenia, and ID occurs around the
time of onset in SCZ patients but not FRs. These impair-
ments in premorbid and present I1Q and ID would be ex-
pected on the basis of the level of education. Educational
attainment related to these intelligence functions is an im-
portant predictor of general functional outcomes in patients
with SCZ. Current treatment strategies, including cogni-
tive remediation and psychopharmacology, largely fail to
ameliorate intelligence impairments in SCZ patients (Keefe
et al., 2013). A better understanding of the pathogenesis
underlying intelligence impairments is required to develop
more efficient treatment strategies for SCZ.

Role of the funding source

This work was supported by a Japan Society for the Pro-
motion of Science (JSPS) Grant-in-Aid for Young Scientists
(B) (16K19784), a grant from the Uehara Memorial Founda-
tion, a grant from the Takeda Science Foundation, a grant
from the YOKOYAMA Foundation for Clinical Pharmacology
(YRY-1807), and a Grant for Assist KAKEN (K2017-8, K2018-16
and K2018-17) and Promoted Research (52017-3 and 52018-
5) from Kanazawa Medical University.

Contributors

K. Ohi supervised the entire project, collected the data,
wrote the manuscript and was critically involved in the de-
sign, analysis and interpretation of the data. K. Ohi and T.
Shimada were responsible for performing the literature re-
view. T. Shimada, Y. Kataoka, Y. Koide, K. Yasuyama, T. Ue-
hara, H. Okubo, and Y. Kawasaki were heavily involved in


http://dx.doi.org/10.13039/501100001691
http://dx.doi.org/10.13039/100008732
http://dx.doi.org/10.13039/100007449
http://dx.doi.org/10.13039/501100004043

Intelligence decline in schizophrenia patients and their relatives 659

the collection of the majority of the data and intellectually
contributed to data interpretation. All authors contributed
to and approved the final manuscript.

Conflicts of interest

None.

Acknowledgments

We would like to thank all individuals who participated in
this study.

References

Agnew-Blais, J.C., Buka, S.L., Fitzmaurice, G.M., Smoller, J.W.,
Goldstein, J.M., Seidman, L.J., 2015. Early childhood IQ trajec-
tories in individuals later developing schizophrenia and affective
psychoses in the New England family studies. Schizophr. Bull. 41,
817-823.

Ammari, N., Heinrichs, R.W., Pinnock, F., Miles, A.A., Muharib, E.,
McDermid Vaz, S., 2014. Preserved, deteriorated, and premor-
bidly impaired patterns of intellectual ability in schizophrenia.
Neuropsychology 28, 353-358.

Amminger, G.P., Edwards, J., Brewer, W.J., Harrigan, S., Mc-
Gorry, P.D., 2002. Duration of untreated psychosis and cognitive
deterioration in first-episode schizophrenia. Schizophr. Res. 54,
223-230.

Badcock, J.C., Dragovic, M., Waters, F.A., Jablensky, A., 2005. Di-
mensions of intelligence in schizophrenia: evidence from pa-
tients with preserved, deteriorated and compromised intellect.
J. Psychiatr. Res. 39, 11-19.

Benyamin, B., Pourcain, B., Davis, 0.S., Davies, G., Hansell, N.K.,
Brion, M.J., Kirkpatrick, R.M., Cents, R.A., Franic, S.,
Miller, M.B., Haworth, C.M., Meaburn, E., Price, T.S.,
Evans, D.M., Timpson, N., Kemp, J., Ring, S., McArdle, W.,
Medland, S.E., Yang, J., Harris, S.E., Liewald, D.C., Scheet, P.,
Xiao, X., Hudziak, J.J., de Geus, E.J., Jaddoe, V.W., Starr, J.M.,
Verhulst, F.C., Pennell, C., Tiemeier, H., lacono, W.G.,
Palmer, L.J., Montgomery, G.W., Martin, N.G., Boomsma, D.l.,
Posthuma, D., McGue, M., Wright, M.J., Davey Smith, G.,
Deary, I.J., Plomin, R., Visscher, P.M., 2014. Childhood intelli-
gence is heritable, highly polygenic and associated with FNBP1L.
Mol. Psychiatry 19, 253-258.

Caspi, A., Reichenberg, A., Weiser, M., Rabinowitz, J., Kaplan, Z.,
Knobler, H., Davidson-Sagi, N., Davidson, M., 2003. Cognitive
performance in schizophrenia patients assessed before and fol-
lowing the first psychotic episode. Schizophr. Res. 65, 87-94.

Dalby, J.T., Williams, R., 1986. Preserved reading and spelling abil-
ity in psychotic disorders. Psychol. Med. 16, 171-175.

Dickson, H., Laurens, K.R., Cullen, A.E., Hodgins, S., 2012. Meta-
analyses of cognitive and motor function in youth aged 16 years
and younger who subsequently develop schizophrenia. Psychol.
Med. 42, 743-755.

Dykiert, D., Deary, I.J., 2013. Retrospective validation of WTAR and
NART scores as estimators of prior cognitive ability using the
Lothian Birth Cohort 1936. Psychol. Assess. 25, 1361-1366.

Fujino, H., Sumiyoshi, C., Yasuda, Y., Yamamori, H., Fujimoto, M.,
Fukunaga, M., Miura, K., Takebayashi, Y., Okada, N., Iso-
mura, S., Kawano, N., Toyomaki, A., Kuga, H., Isobe, M.,
Oya, K., Okahisa, Y., Takaki, M., Hashimoto, N., Kato, M.,
Onitsuka, T., Ueno, T., Ohnuma, T., Kasai, K., Ozaki, N.,
Sumiyoshi, T., Imura, O., Hashimoto, R., 2017. Estimated cogni-

tive decline in patients with schizophrenia: a multicenter study.
Psychiatry Clin. Neurosci. 71, 294-300.

Green, M.F., 1996. What are the functional consequences of neu-
rocognitive deficits in schizophrenia? Am. J. Psychiatry 153,
321-330.

Green, M.F., 2006. Cognitive impairment and functional outcome in
schizophrenia and bipolar disorder. J. Clin. Psychiatry 67 (Suppl
9), 3-8 discussion 36-42.

Green, M.F., Kern, R.S., Braff, D.L., Mintz, J., 2000. Neurocogni-
tive deficits and functional outcome in schizophrenia: are we
measuring the "right stuff"? Schizophr. Bull. 26, 119-136.

Hashimoto, R., Ikeda, M., Ohi, K., Yasuda, Y., Yamamori, H., Fuku-
moto, M., Umeda-Yano, S., Dickinson, D., Aleksic, B., Iwase, M.,
Kazui, H., Ozaki, N., Weinberger, D.R., Iwata, N., Takeda, M.,
2013. Genome-wide association study of cognitive decline in
schizophrenia. Am. J. Psychiatry 170, 683-684.

Hedman, A.M., van Haren, N.E., van Baal, C.G., Kahn, R.S., Hul-
shoff Pol, H.E., 2013. IQ change over time in schizophrenia
and healthy individuals: a meta-analysis. Schizophr. Res. 146,
201-208.

Hill, S.K., Reilly, J.L., Keefe, R.S., Gold, J.M., Bishop, J.R., Ger-
shon, E.S., Tamminga, C.A., Pearlson, G.D., Keshavan, M.S.,
Sweeney, J.A., 2013. Neuropsychological impairments in
schizophrenia and psychotic bipolar disorder: findings from
the Bipolar-Schizophrenia Network on Intermediate Phenotypes
(B-SNIP) study. Am. J. Psychiatry 170, 1275-1284.

Kahn, R.S., Keefe, R.S., 2013. Schizophrenia is a cognitive illness:
time for a change in focus. JAMA Psychiatry 70, 1107-1112.

Kay, S.R., Fiszbein, A., Opler, L.A., 1987. The positive and negative
syndrome scale (PANSS) for schizophrenia. Schizophr. Bull. 13,
261-276.

Keefe, R.S., Buchanan, R.W., Marder, S.R., Schooler, N.R.,
Dugar, A., Zivkov, M., Stewart, M., 2013. Clinical trials of po-
tential cognitive-enhancing drugs in schizophrenia: what have
we learned so far? Schizophr. Bull. 39, 417-435.

Keefe, R.S., Fenton, W.S., 2007. How should DSM-V criteria for
schizophrenia include cognitive impairment? Schizophr. Bull. 33,
912-920.

Kendler, K.S., Ohlsson, H., Mezuk, B., Sundquist, K., Sundquist, J.,
2016. A Swedish national prospective and co-relative study of
school achievement at age 16, and risk for schizophrenia, other
nonaffective psychosis, and bipolar illness. Schizophr. Bull. 42,
77-86.

Khandaker, G.M., Barnett, J.H., White, I.R., Jones, P.B., 2011. A
quantitative meta-analysis of population-based studies of pre-
morbid intelligence and schizophrenia. Schizophr. Res. 132,
220-227.

Koenen, K.C., Moffitt, T.E., Roberts, A.L., Martin, L.T., Kubzan-
sky, L., Harrington, H., Poulton, R., Caspi, A., 2009. Childhood
IQ and adult mental disorders: a test of the cognitive reserve
hypothesis. Am. J. Psychiatry 166, 50-57.

Kremen, W.S., Seidman, L.J., Faraone, S.V., Tsuang, M.T., 2008. 1Q
decline in cross-sectional studies of schizophrenia: methodology
and interpretation. Psychiatry Res. 158, 181-194.

Kremen, W.S., Vinogradov, S., Poole, J.H., Schaefer, C.A., De-
icken, R.F., Factor-Litvak, P., Brown, A.S., 2010. Cognitive de-
cline in schizophrenia from childhood to midlife: a 33-year lon-
gitudinal birth cohort study. Schizophr. Res. 118, 1-5.

Leeson, V.C., Sharma, P., Harrison, M., Ron, M.A., Barnes, T.R.,
Joyce, E.M., 2011. IQ trajectory, cognitive reserve, and clinical
outcome following a first episode of psychosis: a 3-year longitu-
dinal study. Schizophr. Bull. 37, 768-777.

MacCabe, J.H., Lambe, M.P., Cnattingius, S., Torrang, A., Bjork, C.,
Sham, P.C., David, A.S., Murray, R.M., Hultman, C.M., 2008.
Scholastic achievement at age 16 and risk of schizophrenia and
other psychoses: a national cohort study. Psychol. Med. 38,
1133-1140.


http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0001
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0002
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0003
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0004
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0005
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0007
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0008
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0009
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0010
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0011
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0012
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0013
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0014
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0015
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0016
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0017
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0018
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0019
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0020
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0021
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0022
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0023
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0024
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0025
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0026
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0027

660

K. Ohi, T. Shimada and Y. Kataoka et al.

Mathias, J.L., Bowden, S.C., Barrett-Woodbridge, M., 2007. Accu-
racy of the Wechsler Test of Adult Reading (WTAR) and National
Adult Reading Test (NART) when estimating IQ in a healthy Aus-
tralian sample. Aust. Psychol. 42, 49-56.

Matsuoka, K., Uno, M., Kasai, K., Koyama, K., Kim, Y., 2006. Es-
timation of premorbid IQ in individuals with Alzheimer’s dis-
ease using Japanese ideographic script (Kanji) compound words:
Japanese version of National Adult Reading Test. Psychiatry Clin.
Neurosci. 60, 332-339.

Mercado, C.L., Johannesen, J.K., Bell, M.D., 2011. Thought dis-
order severity in compromised, deteriorated, and preserved
intellectual course of schizophrenia. J. Nerv. Ment. Dis. 199,
111-116.

Morrison, G., Sharkey, V., Allardyce, J., Kelly, R.C., Mc-
Creadie, R.G., 2000. Nithsdale schizophrenia surveys 21: a lon-
gitudinal study of National Adult Reading Test stability. Psychol.
Med. 30, 717-720.

Mullen, C.M., Fouty, H.E., 2014. Comparison of the WRAT4 reading
subtest and the WTAR for estimating premorbid ability level.
Appl Neuropsychol. Adult 21, 69-72.

Ohi, K., Hashimoto, R., lkeda, M., Yamamori, H., Yasuda, Y., Fuji-
moto, M., Umeda-Yano, S., Fukunaga, M., Fujino, H., Watan-
abe, Y., lwase, M., Kazui, H., Iwata, N., Weinberger, D.R.,
Takeda, M., 2015. Glutamate networks implicate cognitive im-
pairments in schizophrenia: genome-wide association studies of
52 cognitive phenotypes. Schizophr. Bull. 41, 909-918.

Ohi, K., Hashimoto, R., lkeda, M., Yamashita, F., Fukunaga, M.,
Nemoto, K., Ohnishi, T., Yamamori, H., Yasuda, Y., Fujimoto, M.,
Umeda-Yano, S., Watanabe, Y., Iwata, N., Weinberger, D.R.,
Takeda, M., 2014. Genetic risk variants of schizophrenia asso-
ciated with left superior temporal gyrus volume. Cortex 58, 23-
26.

Ohi, K., Hashimoto, R., Yamamori, H., Yasuda, Y., Fujimoto, M.,
Umeda-Yano, S., Fukunaga, M., Watanabe, Y., Iwase, M.,
Kazui, H., Takeda, M., 2013a. The impact of the genome-wide
supported variant in the cyclin M2 gene on gray matter morphol-
ogy in schizophrenia. Behav. Brain Funct. 9, 40.

Ohi, K., Hashimoto, R., Yasuda, Y., Fukumoto, M., Yamamori, H.,
Umeda-Yano, S., Fujimoto, M., Iwase, M., Kazui, H., Takeda, M.,
2013b. Influence of the NRGN gene on intellectual ability in
schizophrenia. J. Hum. Genet. 58, 700-705.

Ohi, K., Kataoka, Y., Shimada, T., Kuwata, A., Okubo, H.,
Kimura, K., Yasuyama, T., Uehara, T., Kawasaki, Y., 2018.
Meta-analysis of physical activity and effects of social func-
tion and quality of life on the physical activity in patients with
schizophrenia. Eur. Arch. Psychiatry Clin. Neurosci, in press.

Ohi, K., Kikuchi, M., lkeda, M., Yamamori, H., Yasuda, Y., Fuji-
moto, M., Fujino, H., Miura, K., Fukunaga, M., Nakaya, A.,
Iwata, N., Hashimoto, R., 2016a. Polygenetic components for
schizophrenia, bipolar disorder and rheumatoid arthritis predict
risk of schizophrenia. Schizophr. Res. 175, 226-229.

Ohi, K., Matsuda, Y., Shimada, T., Yasuyama, T., Oshima, K.,
Sawai, K., Kihara, H., Nitta, Y., Okubo, H., Uehara, T.,
Kawasaki, Y., 2016b. Structural alterations of the superior tem-
poral gyrus in schizophrenia: detailed subregional differences.
Eur. Psychiatry 35, 25-31.

Ohi, K., Shimada, T., Kihara, H., Yasuyama, T., Sawai, K.,
Matsuda, Y., Oshima, K., Okubo, H., Nitta, Y., Uehara, T,
Kawasaki, Y., 2017a. Impact of familial loading on prefrontal
activation in major psychiatric disorders: a Near-Infrared Spec-
troscopy (NIRS) study. Sci. Rep. 7, 44268.

Ohi, K., Shimada, T., Kuwata, A., Kataoka, Y., Okubo, H.,
Kimura, K., Yasuyama, T., Uehara, T., Kawasaki, Y., 2019.
Smoking rates and number of cigarettes smoked per day in
schizophrenia: a large cohort meta-analysis in a japanese popu-
lation. Int. J. Neuropsychopharmacol 22, 19-27.

Ohi, K., Shimada, T., Nemoto, K., Kataoka, Y., Yasuyama, T.,
Kimura, K., Okubo, H., Uehara, T., Kawasaki, Y., 2017b. Cogni-

tive clustering in schizophrenia patients, their first-degree rela-
tives and healthy subjects is associated with anterior cingulate
cortex volume. Neuroimage Clin. 16, 248-256.

Ohi, K., Shimada, T., Nitta, Y., Kihara, H., Okubo, H., Uehara, T.,
Kawasaki, Y., 2016c. Specific gene expression patterns of 108
schizophrenia-associated loci in cortex. Schizophr. Res. 174,
35-38.

Ohi, K., Sumiyoshi, C., Fujino, H., Yasuda, Y., Yamamori, H., Fuji-
moto, M., Sumiyoshi, T., Hashimoto, R., 2017c. A brief assess-
ment of intelligence decline in schizophrenia as represented by
the difference between current and premorbid intellectual quo-
tient. Front. Psychiatry 8, 293.

Potter, A.l., Nestor, P.G., 2010. 1Q subtypes in schizophrenia: dis-
tinct symptom and neuropsychological profiles. J. Nerv. Ment.
Dis. 198, 580-585.

Schaefer, J., Giangrande, E., Weinberger, D.R., Dickinson, D., 2013.
The global cognitive impairment in schizophrenia: consistent
over decades and around the world. Schizophr. Res. 150, 42-50.

Schretlen, D.J., Cascella, N.G., Meyer, S.M., Kingery, L.R.,
Testa, S.M., Munro, C.A., Pulver, A.E., Rivkin, P., Rao, V.A., Di-
az-Asper, C.M., Dickerson, F.B., Yolken, R.H., Pearlson, G.D.,
2007. Neuropsychological functioning in bipolar disorder and
schizophrenia. Biol. Psychiatry 62, 179-186.

Seidman, L.J., Buka, S.L., Goldstein, J.M., Tsuang, M.T., 2006. In-
tellectual decline in schizophrenia: evidence from a prospective
birth cohort 28 year follow-up study. J. Clin. Exp. Neuropsychol.
28, 225-242.

Sheitman, B.B., Murray, M.G., Snyder, J.A., Silva, S., Goldman, R.,
Chakos, M., Volavka, J., Lieberman, J.A., 2000. IQ scores of
treatment-resistant schizophrenia patients before and after the
onset of the illness. Schizophr. Res. 46, 203-207.

Sommer, I.E., Bearden, C.E., van Dellen, E., Breetvelt, E.J., Dui-
jff, S.N., Maijer, K., van Amelsvoort, T., de Haan, L., Gur, R.E.,
Arango, C., Diaz-Caneja, C.M., Vinkers, C.H., Vorstman, J.A.,
2016. Early interventions in risk groups for schizophrenia: what
are we waiting for? NPJ Schizophr. 2, 16003.

Sumiyoshi, C., Fujino, H., Sumiyoshi, T., Yasuda, Y., Yamamori, H.,
Ohi, K., Fujimoto, M., Takeda, M., Hashimoto, R., 2016. Useful-
ness of the Wechsler Intelligence Scale short form for assessing
functional outcomes in patients with schizophrenia. Psychiatry
Res. 245, 371-378.

Toulopoulou, T., Goldberg, T.E., Mesa, I.R., Picchioni, M., Ri-
jsdijk, F., Stahl, D., Cherny, S.S., Sham, P., Faraone, S.V.,
Tsuang, M., Weinberger, D.R., Seidman, L.J., Murray, R.M.,
2010. Impaired intellect and memory: a missing link between
genetic risk and schizophrenia? Arch. Gen. Psychiatry 67,
905-913.

Urfer-Parnas, A., Lykke Mortensen, E., Saebye, D., Parnas, J., 2010.
Pre-morbid 1Q in mental disorders: a Danish draft-board study of
7486 psychiatric patients. Psychol. Med. 40, 547-556.

Wechsler, D., 1997. Wechsler Adult Intelligence Scale, third ed. The
Psychological Corporation, San Antonio, TX.

Weickert, T.W., Goldberg, T.E., Gold, J.M., Bigelow, L.B.,
Egan, M.F., Weinberger, D.R., 2000. Cognitive impairments in
patients with schizophrenia displaying preserved and compro-
mised intellect. Arch. Gen. Psychiatry 57, 907-913.

Weinberg, D., Lenroot, R., Jacomb, I., Allen, K., Bruggemann, J.,
Wells, R., Balzan, R., Liu, D., Galletly, C., Catts, S.V., We-
ickert, C.S., Weickert, T.W., 2016. Cognitive subtypes of
schizophrenia characterized by differential brain volumetric re-
ductions and cognitive decline. JAMA Psychiatry 73, 1251-1259.

Weinberger, D.R., 1987. Implications of normal brain development
for the pathogenesis of schizophrenia. Arch. Gen. Psychiatry 44,
660-669.

Wells, R., Swaminathan, V., Sundram, S., Weinberg, D., Brugge-
mann, J., Jacomb, I., Cropley, V., Lenroot, R., Pereira, A.M.,
Zalesky, A., Bousman, C., Pantelis, C., Weickert, C.S., Weick-
ert, TW., 2015. The impact of premorbid and current intellect


http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0028
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0030
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0031
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0032
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0033
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0034
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0035
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0036
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0037
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0038
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0039
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0040
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0041
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0042
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0044
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0045
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0047
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0048
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0049
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0050
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0051
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0052
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0053
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0054
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0054
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0055
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0056
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0057
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0057
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058

Intelligence decline in schizophrenia patients and their relatives 661

in schizophrenia: cognitive, symptom, and functional outcomes. Yasuyama, T., Ohi, K., Shimada, T., Uehara, T., Kawasaki, Y., 2016.
NPJ Schizophr. 1, 15043. Differences in social functioning among patients with major psy-
Woodberry, K.A., Giuliano, A.J., Seidman, L.J., 2008. Premorbid 1Q chiatric disorders: interpersonal communication is impaired in
in schizophrenia: a meta-analytic review. Am. J. Psychiatry 165, patients with schizophrenia and correlates with an increase in

579-587. schizotypal traits. Psychiatry Res 249, 30-34.


http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0058
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0059
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0059
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0059
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0059
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0060
http://refhub.elsevier.com/S0924-977X(19)30191-9/sbref0060

	Intelligence decline between present and premorbid IQ in schizophrenia: Schizophrenia Non-Affected Relative Project (SNARP)
	1 Introduction
	2 Experimental procedures
	2.1 Subjects
	2.2 Premorbid and present IQ
	2.3 ID
	2.4 Statistical analyses

	3 Results
	3.1 Differences in premorbid and present IQ among SCZ patients, FRs and HCs
	3.2 ID in SCZ patients, FRs and HCs
	3.3 Subjects with preserved and deteriorated IQ

	4 Discussion
	Role of the funding source
	Contributors
	Conflicts of interest
	Acknowledgments
	References


