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ARTICLE OPEN

The impact of premorbid and current intellect in
schizophrenia: cognitive, symptom, and functional outcomes
Ruth Wells1,2, Vaidy Swaminathan3,4,5,6, Suresh Sundram3,4,6,7, Danielle Weinberg1,2, Jason Bruggemann1,2, Isabella Jacomb2,
Vanessa Cropley3, Rhoshel Lenroot1,2,5, Avril M Pereira3,6, Andrew Zalesky3, Chad Bousman3, Christos Pantelis3,5,
Cynthia Shannon Weickert1,2,5 and Thomas W Weickert1,2,5

BACKGROUND: Cognitive heterogeneity among people with schizophrenia has been defined on the basis of premorbid and
current intelligence quotient (IQ) estimates. In a relatively large, community cohort, we aimed to independently replicate and
extend cognitive subtyping work by determining the extent of symptom severity and functional deficits in each group.
METHODS: A total of 635 healthy controls and 534 patients with a diagnosis of schizophrenia or schizoaffective disorder were
recruited through the Australian Schizophrenia Research Bank. Patients were classified into cognitive subgroups on the basis of the
Wechsler Test of Adult Reading (a premorbid IQ estimate) and current overall cognitive abilities into preserved, deteriorated, and
compromised groups using both clinical and empirical (k-means clustering) methods. Additional cognitive, functional, and
symptom outcomes were compared among the resulting groups.
RESULTS: A total of 157 patients (29%) classified as ‘preserved’ performed within one s.d. of control means in all cognitive domains.
Patients classified as ‘deteriorated’ (n= 239, 44%) performed more than one s.d. below control means in all cognitive domains
except estimated premorbid IQ and current visuospatial abilities. A separate 138 patients (26%), classified as ‘compromised,’
performed more than one s.d. below control means in all cognitive domains and displayed greater impairment than other groups
on symptom and functional measures.
CONCLUSIONS: In the present study, we independently replicated our previous cognitive classifications of people with
schizophrenia. In addition, we extended previous work by demonstrating worse functional outcomes and symptom severity in the
compromised group.

npj Schizophrenia (2015) 1, Article number: 15043; doi:10.1038/npjschz.2015.43; published online 4 November 2015

INTRODUCTION
Cognitive impairment is a characteristic of schizophrenia1

associated with negative symptom severity,2,3 and functional
impairment.4,5 Evidence suggests distinct neuropsychological
profiles of cognitive deficits in schizophrenia,2,6–8 that may reflect
differing courses of abnormal neurodevelopment.9 Longitudinal
studies have revealed a link between lower childhood IQ and
schizophrenia.10 However, premorbid intellectual impairment is
associated with many psychiatric diseases11 and not all people
with schizophrenia display intellectual impairment.6,12

Many patients with schizophrenia display intact levels of
crystallized intelligence on Wechsler Adult Intelligence Scale
(WAIS) tests13 such as in general knowledge (e.g., Vocabulary),
and display impairment on tests of more fluid intelligence, such as
verbal abstract concepts (e.g., Similarities) and working memory
(e.g., Arithmetic).14 Tests of crystallized verbal intelligence15 can
act as ‘hold tests’ that assess premorbid IQ.16,17 Weickert et al.6

classified patients with schizophrenia into three cognitive
subgroups on the basis of estimated premorbid and current IQ
using both empirical (k-means clustering) and clinical (falling
within specific ranges) grouping methods. They found a
deteriorated group (50%), exhibiting decline (⩾10 points) from
an estimate of premorbid IQ (Wide Range Achievement Test18) to

current IQ; a compromised group (25%), with low premorbid and
low current IQ estimates; and a preserved group (25%), with near
to above average premorbid and current IQ estimates. Those
patients in the compromised group showed widespread cognitive
deficits, whereas patients in the preserved group had deficits
restricted to attention and executive function and the deteriorated
group displayed memory deficits in addition to those deficits
shown in the preserved group. The authors6 suggested that these
results may reflect distinct subtypes of disease progression, with
the compromised group showing early global deficits, the
deteriorated group showing deficits possibly associated with
pathology at the time of illness onset, and the preserved group,
which appears to remain relatively cognitively intact.
Much subsequent work has supported cognitive subtype

classifications in schizophrenia.2,7,8,19,20 Among first episode patients,
those with preserved intellect differed from other patients on spatial
working memory, verbal memory, and executive function tests.8,20

Patients in the preserved group displayed significantly better
performance on tests of executive function (i.e., verbal fluency,
spatial working memory) and attention (i.e., continuous performance
test), but show similar cognitive impairments relative to other
patients on a test of processing speed or verbal working memory.7,19

Although there is no consensus regarding which cognitive tests
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delineate these subgroups; overall, these findings provide further
support for the existence of distinct neuropsychological subgroups
in schizophrenia. Research thus far has been limited by relatively
small samples sizes (o130 people with schizophrenia) and has
usually used clinical cutoffs to create groups, rather than data-
driven procedures that may be more sensitive to variations in
cognitive performance. There has also been limited examination of
cognitive subgroup symptom and functional profiles, which is of
relevance given their documented relationship to cognition in
schizophrenia.3,5

The aims of the present study were to provide independent
replication of these IQ subgroups6 using both clinical and empirical
clustering in a relatively large community-based cohort and to
assess the extent to which the different cognitive subgroups
display negative symptoms and functional deficits. We hypothe-
sized that: (1) relative to healthy controls, ~ 25% of patients with
schizophrenia would display compromised premorbid and current
cognitive function and global deficits in neuropsychological
function; (2) approximately 50% of patients with schizophrenia
would display deterioration from premorbid to current cognitive
function and deficits in executive function, memory, and attention;
(3) approximately 25% of patients would display preserved
premorbid and current cognitive function and would have
cognitive deficits limited to measures of executive function and
attention; and (4) patients in the compromised group would
display the most severe deficits on both premorbid and current
function as well as greater severity of negative symptoms.

MATERIALS AND METHODS
Participants
Clinical and cognitive data for 534 patients with schizophrenia and 635
healthy controls were obtained from the Australian Schizophrenia
Research Bank (ASRB), a resource of research data collected across five
Australian states and territories.21 Patients had a confirmed diagnosis of
schizophrenia (n=448) or schizoaffective disorder (n= 86) using DSM-IV
criteria from the Diagnostic Interview for Psychosis (DIP).22 All participants
(ages 18–65 years) were fluent in English. Childhood onset was not an
exclusion factor; however, only adults were recruited and only 0.7% of the
total patient sample met criteria for childhood onset, i.e., having illness
onset between 11 and 12 years of age in our sample. Participants with a
history of: organic brain disorder; serious brain injury; an IQo70; or
electroconvulsive therapy or current substance dependence were
excluded. Healthy controls with a personal or family history of psychosis
or bipolar I disorder were also excluded. See Table 1 for demographic
characteristics of the participants. Ethics approval for data collection (HNE
HREC 08/12/17/5.20, HREC/08/HNE/438, SSA/09/HNE/23) and analysis
(Human Research Ethics Advisory Panel of the University of New South
Wales, HREA UNSW 2014-7-53) was provided and all participants gave
informed consent.

Premorbid IQ
Premorbid IQ was assessed using the Wechsler Test of Adult Reading
(WTAR),15 a marker of premorbid intellectual ability,13,16,17 which assesses
correct pronunciation of English words (mean= 100, s.d. = 10). WTAR scores
have been shown to remain stable across repeated testing, compared with
variation in tests of current ability.16

Current cognitive function
The Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS),23 with demonstrated validity in schizophrenia24 and age-adjusted
Index scores, was used to assess performance in the cognitive domains of
immediate and delayed verbal memory, attention, language, and visual–
spatial perception. Tests of working memory (i.e., WAIS-III Letter Number
Sequencing, age-adjusted scaled scores)13 and executive function/
language (i.e., Controlled Oral Word Association Test (COWAT), age- and
gender-adjusted scores25) were also administered. Index scores were
converted to z-scores relative to the healthy control means and s.d.

Current global cognitive ability estimate
The Vocabulary—Matrix Reasoning dyad of the Wechsler Abbreviated
Scale of Intelligence26 was administered in the ASRB as a measure of
current IQ but was not included in this analysis as it has been shown to
inaccurately inflate IQ scores27 and to be insensitive to cognitive decline.28

A measure of crystallized intelligence (e.g., Vocabulary16) is not appropriate
in a group in which intellectual performance declines over time. Thus,
neuropsychological tests highly correlated with current IQ, RBANS
Immediate Memory and Attention and WAIS-III Letter Number Sequencing
(LNS), were converted to z-scores and the z-scores were averaged for each
participant to obtain an estimate of current global cognitive function.
Among patients with schizophrenia, RBANS Immediate Memory and
Attention are more strongly correlated with IQ (r = 0.60 and r = 0.73,
respectively),29 and are impaired relative to language and visuospatial
tests.24 In general, WAIS-III immediate memory is also more strongly
associated with IQ than delayed memory.30 LNS is strongly correlated with
IQ13 and it has differentiated between patients with schizophrenia
displaying preserved and deteriorated cognitive function.7,20

Classification of groups
Patients were empirically clustered into groups as per our original report6

and these groups were used in further analyses to characterize the
subgroups. Empirical clustering methods reduce subjectivity and are more
reliable than clinical groupings at ensuring maximum proximity to cluster
centers and distance from other clusters for each measurement.31 Z-scores
(based on the healthy control means and s.d.) for the WTAR, WAIS-III LNS,
and RBANS Attention and Immediate memory Index scores were entered
into a tree clustering hierarchical cluster analysis using squared Euclidean
distances (progressively placing greater weight in objects that are further

Table 1. Demographics characteristics of the samples of healthy
adults and people with schizophrenia

Patients (n= 534) Control (n= 635) F/ χ2 P-value

Age (years) 39.2 (10.5) 41.9 (13.5) 14.7 o0.001
Education (years) 12.9 (2.9) 15.14 (3.1) 167.3 o0.001
Gender M/F ratio 66.5%/33.5% 44.7%/55.3% 55.4 o0.001

Means provided with s.d. in parentheses with the exception of gender for
which percentages are provided. Bold font denotes large effect size,
Cohen's d40.80.

Figure 1. Cognitive domain profiles of the preserved, deteriorated,
and compromised patient groups. Error bars indicate s.e. Attention,
attention Index of RBANS; CIQ, compromised intellectual function
group; DIQ, deteriorated intellectual function group; IM, immediate
memory Index of Repeatable Battery for the Assessment of
Neurospychological Status (RBANS); LNS, letter number sequencing
subtest (WAIS-III); PIQ, preserved intellectual function group; WTAR,
Wechsler test of adult reading.
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apart) to initially define the distance between items and form the clusters
along with complete linkage (using the furthest neighbor rule to
determine when two clusters are similar enough to be linked) to
determine the distances between clusters. The resulting dendrogram (a
tree diagram) was inspected by three raters (RW, DW, TWW) who reached
consensus on a three group solution, which was also consistent with our
previous work.6 We next entered these data into a k-means clustering
analysis with the number of clusters equal to three to identify three
clusters with the greatest possible distinction. Patients were also separately
categorized clinically into three groups based on decline from estimated
premorbid IQ to determine the extent to which we could replicate our
previous clinical categorization strategy in a larger independent sample
(see Supplementary Methods for more details).

Symptom severity and functional outcome assessment
Negative symptoms were measured using the Scale for Assessment of
Negative Symptoms (SANS).32 Positive symptom severity estimates were
calculated from the total score of lifetime or present hallucination and
delusion ratings from the DIP22 (items 49–53 and 58–64, respectively33).
Additional demographic factors and items from the DIP (items 9, 13–15,
and 17)22 and the Global Assessment of Functioning (GAF) scores34 were
used as measures of premorbid and current functioning.

Statistical analyses
One-way analysis of variances (ANOVAs) and χ2-analyses were performed
on demographic and clinical variables. A series of four one-way ANOVAs
were performed, using the three empirically derived patient cognitive
groups along with healthy controls as a grouping factor, and gender as a
separate grouping factor on each cognitive variable (significance level
P= 0.05, Bonferroni adjustment: main effects P= 0.0125; planned post hoc
comparisons P=0.002). For non-normally distributed variables (RBANS
language and delayed memory) nonparametric Kruskal–Wallis tests were
used to compare mean ranks among the groups. A MANOVA was
performed to test for group differences on the SANS (significance level
P= 0.05, univariate Bonferroni adjustment P= 0.01). Planned post hoc tests
were performed on significant results to test for differences among groups
(Bonferroni adjusted, P=0.005). Non-parametric Kruskal–Wallis tests were
used to test for differences among groups in positive symptoms with
planned post hoc comparisons on significant results (Bonferroni adjusted,
P= 0.016). Cohen’s d effect sizes were calculated.35 A series of χ2-tests for
general functioning and adjustment items from the DIP and a one-way
ANOVA for the GAF assessed differences in functioning among groups
(Bonferroni adjustment P= 0.004 for univariate main effects and P=0.003
for planned post hoc comparisons).

RESULTS
Cluster analyses
The empirical clustering method produced three groups of
patients displaying: (1) a decline from premorbid cognitive
functioning (‘deteriorated’ group, 44%); (2) compromised intellec-
tual functioning (‘compromised’ group, 26%); and (3) preserved
intellectual functioning (‘preserved’ group, 29%; Figure 1).
Supplementary Figure S1 shows the relationships between WTAR
scores and current global cognitive ability measures for each
individual in each group. Patients in the deteriorated group
displayed average to high premorbid (WTAR) and low current

global cognitive ability estimates, whereas those in the compro-
mised group displayed low scores on all measures and those in
the preserved group displayed a pattern most similar to controls.
Cross tabulation between clinical and empirical grouping methods
indicated 89–91% agreement, demonstrating that the empirical
clusters were clinically meaningful and corresponded to patients
being either in or out of the normal range (4 or o1 s.d. from
control means).

Demographic results
Table 2 lists demographic characteristics of patients in the
empirically derived groups and healthy controls. There were no
significant differences among groups in illness duration. There was
a significant difference among patient groups in age of onset. The
preserved group had a significantly older age of onset than the
deteriorated group by 1.7 years; however, this approximately 7%
difference had a small effect size (d= 0.28). There were significant
differences among groups in age, with the preserved the oldest
and deteriorated the youngest patients, and healthy controls
significantly older than all but the preserved group. There were
significant differences among all the groups in years of education,
which was significantly correlated with WTAR scores (r= 0.46,
Po0.001). There were significant differences among patient
groups and controls in gender ratios, with more male than female
patients and more female than male controls and significantly
more male than female patients in compromised relative to
preserved groups. The majority of patients (88%) were currently
receiving antipsychotic medication, with most receiving second-
generation antipsychotics. See Supplementary Table S1 for
frequencies of antipsychotic combinations amongst patients in
the cognitive groups.
For comparison between grouping procedures, Supplementary

Table S2 lists demographic characteristics of patients in the
clinically derived groups. Significant differences among the groups
were similar to the empirically derived groups, except that there
was no significant difference between compromised and pre-
served groups in age; a significant difference between compro-
mised and deteriorated groups in age of onset (deteriorated
group with a younger onset age); and no significant difference
between compromised and preserved groups in gender ratios.

Additional neuropsychological measures
There were significant differences among groups in all additional
cognitive domains and significant differences between all pairwise
comparisons from post hoc LSD tests after Bonferroni correction
(Po0.002) except for pairwise comparisons between the pre-
served group and controls in visuospatial performance. See
Table 3 for group means and s.d. As the nonparametric results
were similar to those produced with parametric tests, the ANOVA
results are displayed in Table 3 along with interactions between
the groups. There were significant main effects of cognitive group
and gender (with females performing better than males) on
language and visuospatial construction. For delayed memory,

Table 2. Demographic characteristics of empirically clustered groups

CIQ (n= 138) DIQ (n= 239) PIQ (n= 157) HC (n= 635) F/χ2 P CIQoDIQ (p) CIQoPIQ (p) DIQoPIQ (p) CIQoHC (p) DIQoHC (p) PIQoHC (p)

Age (years) 38.4 (9.7) 38.1 (10.1) 41.5 (11.4) 41.9 (13.5) 7.65 o0.001 0.808 0.029 0.006 0.002 o0.001 0.700
Education
(years)

10.9 (2.4) 13.2 (2.4) 14.2 (2.8) 15.1 (3.1) 95.87 o0.001 o0.001 o0.001 o0.001 o0.001 o0.001 o0.001

Age of onset 23.2 (6.6) 22.7 (6.1) 24.4 (6.9) 3.44 0.033 0.395 0.128 0.009
Illness
duration

15.2 (9.5) 15.5 (9.5) 17.1 (10.7) 1.81 0.165 0.794 0.093 0.101

Gender (M/F) 73.2%/26.8% 66.1%/33.9% 61.1%/38.9% 44.7%/55.3% 59.72 o0.001 0.094 0.019 0.184 o0.001 o0.001 o0.001

Abbreviations: CIQ, compromised group; DIQ, deteriorated group; F, female; HC, healthy control group; M, male; PIQ, preserved group.
Means provided with s.d. in parentheses with the exception of gender for which percentages are provided. Bold font denotes large effect size, Cohen's d40.80.
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there were significant main effects of cognitive group (χ2 = 475.50,
Po0.001) and gender (χ2 = 27.58, Po0.001), with females
performing better than males. There was a significant interaction
between group and gender in delayed verbal memory. Post hoc
tests indicated that among patients there was no significant
interaction between cognitive groups and gender,
F(2,528) = 0.256, P= 0.775; however, there was a significant
interaction between gender and diagnosis, F(1,1157) = 16.82,
Po0.001, with male patients performing significantly worse than
female patients, t(533) = 7.92, Po0.001, but no significant
difference between healthy men and women, t(626) = 0.85,
P= 0.329. There were no interactions between group and gender
in any other cognitive variable. Cohen’s d effect sizes are shown
for pairwise comparisons to facilitate interpretation. The compro-
mised group performed markedly worse than controls in all
domains, indicated by large effect sizes (all d40.8). The
deteriorated group displayed large effect sizes compared to
controls in all domains except visuospatial ability. The preserved
group did not display any large effect sizes compared with
controls in any domain. See Supplementary Table S3 for group
sizes, means, and medians on additional neuropsychological
measures based on the clinical clustering strategy.

Symptom severity
There were significant differences among the groups in relation to
negative symptom severity in the domains of avolition–apathy,
affective flattening and anhedonia–asociality, see Table 4. Patients
in the compromised group displayed significantly more negative
symptoms than those in the preserved group for ten items with
medium effect sizes (d= 0.3–0.5). The compromised group did not
display significantly different symptom severity relative to the
deteriorated group. There was a significant difference between
the preserved and other groups in physical anergia with
compromised and deteriorated groups displaying more symptoms
than the preserved group. Patients in the compromised group
reported significantly more hallucinations than patients in the
preserved group (d= 0.47; see Table 4). There were no differences
in lifetime reported hallucinations among groups. Patients in the
preserved group reported significantly more lifetime delusions
than patients in the compromised group (d= 0.35). There were no
other significant differences among groups in reference to
delusions. These group differences in negative symptoms,
hallucinations, and delusions generally represent small to medium
effect sizes and may not be clinically relevant.

Functional outcome
Chi-square analyses of levels of functioning revealed significant
differences among groups (Table 4). When compared to either
the deteriorated or preserved groups, the compromised group
were more likely to be: (1) unemployed prior to onset; (2) to
currently have fewer friends and be recently unemployed;
and (3) were rated as having lower global functioning on the
GAF. Relative to the preserved group only the compromised group
reported a chronic course without periods of recovery between
episodes. The deteriorated and preserved groups were not
significantly different on any functional variables. There were no
significant differences between any groups in relation to other
functional measures.

DISCUSSION
Our analysis of a relatively large community cohort using both
clinical and empirical methods, provides independent replication
of previous research showing three distinct cognitive phenotypes
in schizophrenia.6 Forty-four percent of the patients displayed
deterioration from estimated premorbid IQ, with putatively intact
cognitive function during periods of development crucial for theTa
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formation of crystallized intelligence, followed by a decline in
mostly fluid intelligence, to well below-normal levels. The
remainder of the patients did not show clear decline and were
divided into the compromised group, with low premorbid and
current intellectual function, and the preserved group, with
average or above premorbid and current global cognitive ability.

All subgroups displayed significant differences in almost all
additional cognitive domains. These groupings are consistent
with previous research in diverse samples,2,6–8,19,20 including
imaging and neuropsychological results in early psychosis,36

indicating that these subtypes may represent different
cognitive trajectories underlying manifestation of the illness, as

Table 4. Comparison of symptom severity and general functioning on the basis of empirically derived cognitive subgroups of people with
schizophrenia

CIQ (n= 131) DIQ (n= 228) PIQ (n= 153) F P CIQ versus
DIQ (d)

CIQ versus
PIQ (d)

DIQ versus
PIQ (d)

Negative symptoms Median (s.d.) Median (s.d.) Median (s.d.)
Avolition–apathy
Global avolition–apathy 2.3 (1.4) 1.9 (1.4) 1.7 (1.4) 7.07 0.001 0.2 0.4a 0.2
Impersistence at work/school 2.8 (1.6) 2.4 (1.6) 2.1 (1.6) 7.66 0.001 0.2 0.4a 0.2
Physical anergia 1.6 (1.4) 1.3 (1.4) 0.8 (1.4) 11.20 o0.001 0.2 0.5a 0.3a

Grooming 1.2 (1.3) 0.8 (1.3) 0.9 (1.3) 3.27 0.039

Affective flattening
Global affective flattening 1.9 (1.4) 1.7 (1.4) 1.4 (1.4) 4.41 0.009 0.1 0.3a 0.2
Facial expression 1.9 (1.5) 1.9 (1.5) 1.6 (1.5) 2.1 0.123
Spontaneous movement 0.8 (1.1) 0.7 (1.1) 0.6 (1.1) 1.58 0.206
Gestures 1.4 (1.3) 1.2 (1.3) 0.9 (1.3) 4.57 0.011
Eye contact 1.1 (1.4) 1.1 (1.4) 1.0 (1.4) 0.55 0.574
Non-responsivity 0.9 (1.2) 0.8 (1.2) 0.5 (1.2) 2.96 0.053
Inappropriate 0.5 (0.9) 0.3 (0.9) 0.3 (0.9) 2.39 0.093
Vocal inflections 1.6 (1.4) 1.3 (1.4) 1.1 (1.4) 4.73 0.009 0.2 0.2a 0.2

Anhedonia–asociality
Global asociality 2.5 (1.4) 2.1 (1.4) 1.9 (1.4) 6.11 0.002 0.2 0.3a 0.1
Recreational 2.1 (1.5) 1.8 (1.5) 1.5 (1.5) 5.84 0.003 0.1 0.3a 0.2
Sexual activity 1.6 (1.6) 1.3 (1.6) 1.0 (1.6) 4.89 0.008 0.2 0.3a 0.1
Intimacy 2.0 (1.6) 1.7 (1.6) 1.4 (1.6) 5.15 0.006 0.2 0.3a 0.1
Relationships 2.4 (1.6) 2.0 (1.6) 1.9 (1.6) 4.85 0.008 0.2 0.3a 0.1

Alogia
Global alogia 1.3 (1.3) 1.3 (1.3) 1.1 (1.3) 1.25 0.289
Poverty of speech 1.1 (1.3) 0.7 (1.3) 0.7 (1.3) 4.39 0.013
Speech content 0.8 (1.3) 0.9 (1.3) 0.8 (1.3) 0.48 0.618
Blocking 0.4 (0.8) 0.3 (0.8) 0.2 (0.8) 1.01 0.365
Response latency 0.6 (1.1) 0.5 (1.1) 0.5 (1.1) 0.67 0.511

Positive symptoms Median (s.d.) Median (s.d.) Median (s.d.) χ2 P P P P
Hallucinations
Lifetime 2.9 (2.1) 3.0 (2.3) 3.0 (2.5) 0.02 0.990
Past week 0.9 (1.8) 0.6 (1.8) 0.4 (1.3) 12.11 0.002 0.197 0.002 0.125

Delusions
Lifetime 4.3 (2.7) 5.1 (2.4) 5.4 (2.7) 8.86 0.012 0.078 0.011 0.991
Past week 0.9 (2.3) 0.7 (1.8) 0.5 (2.4) 5.106 0.078

General functioning % % % χ2 P P P P

% Never married 44% 55% 49% 4.61 0.100
% Brain disorder prior to onset 7% 2% 5% 6.24 0.044
% Unemployed at onset 36% 20% 19% 15.80 o0.001 o0.001 0.001 0.915
% Poor premorbid work adjustment 31% 30% 22% 4.36 0.113
% Poor premorbid social adjustment 39% 33% 32% 1.81 0.404

Course of Illness
% Acute onset 32% 25% 34% 3.97 0.137
% Chronic course 51% 37% 30% 14.74 0.001 0.007 o0.001 0.134
Current Functioning
% ⩽1 Friend 41% 24% 20% 18.13 o0.001 0.001 o0.001 0.353
% Employed in last year 19% 41% 41% 20.85 o0.001 o0.001 o0.001 0.978
% Obvious dysfunction in self care 28% 24% 20% 6.80 0.558

Global Functioning Mean (s.d.) Mean (s.d.) Mean (s.d.) F P P P P

GAFa 44.7 (11.4) 52.7 (11.5) 55.6 (12.6) 32.44 o0.001 o0.001 o0.001 0.015

Abbreviations: CIQ, Compromised group; DIP, diagnostic interview for psychosis; DIQ, Deteriorated group; GAF, Global Assessment of Functioning; PIQ,
preserved group; SANS, Scale for Assessment of Negative Symptoms.
Means with standard deviation in parentheses provided for negative symptoms. Medians and s.d. are presented for positive symptoms. Negative symptoms
from SANS. Cohen’s d effect sizes are shown for negative symptoms pairwise comparisons. For SANS results.
aIndicates significant result after Bonferroni correction. For general function variables (consisting of demographic factors and items 9, 13–15, and 17 from
the DIP, the percentage of participants in each group endorsing each item are presented, except for GAF where means with s.d. in parentheses are
presented. Bold font denotes large effect size, Choen's d40.80.
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opposed to effects of antipsychotics and/or chronic illness and
hospitalization.
Consistent with previous studies, patients in the compromised

group performed below the normal range (greater than one s.d.
below control means), with effect sizes greater than one,
compared with healthy controls, in all domains.6,7 This included
impaired performance on visual processing tests, possibly
indicating more widespread impairment. Impaired visuospatial
tests included line orientation, which is associated with occipital
and parietal abnormalities37 and does not typically differentiate
patients with schizophrenia from healthy controls;38 and figure
copy and recall, which has been associated with more widespread
cortical atrophy in more advanced Alzheimer’s disease.39 Given
occipital related abnormalities have been observed in a propor-
tion of patients with schizophrenia,40 a subset of patients may
display marked impairment on tasks relying on occipital cortex in
addition to other regions that likely reflects a global deficit.
Patients in the deteriorated group displayed less marked

deficits in executive function, memory, and language compared
with the compromised group. However, they still presented with
significant cognitive impairments relative to healthy controls,
performing well below the normal range on tests of attention.
Being a ‘hold’ measure in general, the WTAR is insensitive to
factors that can produce cognitive decline, which is why it is used
as a premorbid IQ estimate. Thus, it may be possible that some
deteriorated patients did not really decline, but their performance-
related deficits may have gone undetected given that the WTAR
may be insensitive to them. However, early-performance-based
deficits were unlikely to have gone undetected by the WTAR given
that the deteriorated group displayed significantly more years of
education, higher RBANS Attention scores, higher GAF scores, and
a significantly lower percentage of unemployment at illness onset,
a lower percentage having less than one friend and a significantly
higher proportion who were employed in the past year than the
compromised group. These significant differences between the
deteriorated group and the compromised group would suggest
that the deteriorated group did not simply have long-standing
differential impairment in performance-related cognitive
measures.
Patients in the preserved group performed in the normal range,

with a small effect size compared with controls, in all cognitive
domains. However, they did perform statistically significantly
worse than healthy controls. Contrary to our hypotheses, the
preserved group did not perform below the normal range on tests
of executive function and attention. It is possible that the tests of
executive function (i.e., COWAT and LNS) used in the current study
may not be sensitive to the same aspects of prefrontal cortex
function41 as the tests used previously6 although other studies
have also not found evidence of executive function
impairment,8,20 suggesting that the executive function deficit
may not be universal in individuals with schizophrenia. Pantelis
et al42,43 argue that earlier developing executive functions (such
as attentional set-shifting) may be spared at illness onset, whereas
more complex functions (such as spatial working memory) are
susceptible to adolescent developmental disruptions and may be
impaired at illness onset. They argue that early developing
functions are susceptible to decline following onset and should be
the target of early intervention.44 Overall, our results add to
previous research suggesting there may be measureable cognitive
decline in a substantial portion of patients.2,6–8,19,20

Patients in the preserved group displayed less functional
impairment than those in the compromised group, consistent
with previous research indicating that patients with intact
cognitive functioning require less community support than other
patients.45 Also consistent with other studies,7,12 patients in the
preserved group displayed less-negative symptoms than patients
in the compromised group. Intact executive function processes,
the ability to plan and adapt, are necessary for functional

independence and social integration.41 Considering that cognitive
impairment and negative symptoms combine to contribute to
functional outcome,4 interventions that can prevent decline of
intact cognitive abilities may prevent deterioration in general
functioning and should particularly focus on earliest stages of
psychosis.44 The lack of significant differences between preserved
and deteriorated groups in all but one of the negative symptoms
is somewhat surprising given the observed connection between
cognitive function and negative symptoms.2,3 Despite near intact
cognitive function, a considerable proportion of patients in the
preserved group reported social and occupational impairments.
This suggests that factors other than those examined here, such as
social cognition, impact on functional outcome as well,46 and
these need to be considered when planning treatments to
improve vocational outcomes.47

Limitations of our study include its cross-sectional nature.
Although the WTAR is a validated measure of premorbid IQ,48 an
actual premorbid IQ measure may more accurately classify
patients, especially in cases of extreme scores.49 A validated
current IQ measure would have aided comparison with previous
studies. Exclusion of patients with IQs below 70 may have altered
group proportions and means, not reflecting the number of
patients with compromised intellectual function in the population.
Level of education may have been a confounding factor. We did
not control for education as it may mediate the relationship
between premorbid and current IQ,48 and WTAR scores were
significantly correlated with years of education in our sample, so
removing the related variance from the analysis could have
removed overlapping variance and obscured relevant
relationships.50 The age and gender differences observed are a
possible confound. However, the cognitive tests were adjusted for
age and the only gender and group interaction was not among
patient groups. Longitudinal assessment, or review of clinical
notes may have enabled a more accurate assessment of negative
symptoms than one-off scores on the SANS, which were generally
low, indicating generally mild, or questionable negative symptoms
in this cohort. In addition, positive symptom severity results were
mixed, with reversed patterns of current versus lifetime results for
delusions and hallucinations. These factors may be better
addressed using a specific assay of positive symptoms.
In conclusion, these findings in a relatively large, community-

based cohort confirm previous research demonstrating
distinct neuropsychological profiles in schizophrenia and may
provide further insight into the developmental processes involved.
We also demonstrated the relevance of premorbid and
current intellectual functioning to both negative symptoms
and functional outcomes. The use of these profiles in future
research may promote identification of the specific causes of
deterioration in intellectual function by identifying other under-
lying and possibly biological factors which differentiate these
patient groups.

ACKNOWLEDGMENTS
We thank the ASRB Chief Investigators: Carr V, Schall U, Scott R, Jablensky A, Mowry B,
Michie P, Pantelis C, Catts S, Henskens F, and ASRB Manager: Loughland C for the
compilation of this resource. This work was supported by the University of New South
Wales School of Psychiatry, Neuroscience Research Australia, the Schizophrenia
Research Institute utilizing infrastructure funding from NSW Ministry of Health and
the Macquarie Group Foundation, the Florey Institute of Neuroscience and Mental
Health through the Victorian State Government Operational Infrastructure Support
program and One-in-Five Association Incorporated, and the Australian Schizophrenia
Research Bank which is supported by the Australian National Health and Medical
Research Council (NHMRC), the Pratt Foundation, Ramsay Health Care, and the Viertel
Charitable Foundation. An Australian NHMRC Senior Research Fellowship (#1021970)
supported CSW. An Australian NHMRC Senior Principal Research Fellowship (ID:
628386) supported CP. An Australian NHMRC Early Career Research Fellowship (ID:
62880) supported VC.

Premorbid and current intellect in schizophrenia
R Wells et al

6

npj Schizophrenia (2015) 15043 © 2015 Schizophrenia International Research Society/Nature Publishing Group



CONTRIBUTIONS
RW contributed to analysis design, performed the analyses and prepared the
manuscript. CSW, AZ, DW, VS contributed to analysis design, interpretation and
manuscript preparation. CB, AMP, RL, VC, JB, SS, IJ contributed to interpretation and
manuscript preparation. TWW, CP contributed to analysis design, interpretation and
manuscript preparation.

COMPETING INTERESTS
The authors declare no conflict of interest.

REFERENCES
1 Schaefer J, Giangrande E, Weinberger DR, Dickinson D. The global cognitive

impairment in schizophrenia: consistent over decades and around the world.
Schizophr Res 2013; 150: 42–50.

2 Leeson VC, Barnes TRE, Harrison M, Matheson E, Harrison I, Mutsatsa SH et al. The
relationship between IQ, memory, executive function, and processing speed in
recent-onset psychosis: 1-year stability and clinical outcome. Schizophr Bull 2010;
36: 400–409.

3 Pantelis C, Stuart GW, Nelson HE, Robbins TW, Barnes TRE. Spatial working
memory deficits in schizophrenia: relationship with tardive dyskinesia and
negative symptoms. Am J Psychiatry 2001; 158: 1276–1285.

4 Bowie CR, Reichenberg A, Patterson TL, Heaton RK, Harvey PD. Determinants of
real-world functional performance in schizophrenia subjects: correlations with
cognition, functional capacity, and symptoms. Am J Psychiatry 2006; 163:
418–425.

5 Green MF, Kern RS, Heaton RK. Longitudinal studies of cognition and functional
outcome in schizophrenia: implications for MATRICS. Schizophr Res 2004; 72:
41–51.

6 Weickert TW, Goldberg TE, Gold JM, Bigelow LB, Egan MF, Weinberger DR.
Cognitive impairments in patients with schizophrenia displaying preserved and
compromised intellect. Arch Gen Psychiatry 2000; 57: 907–913.

7 Donohoe G, Clarke S, Morris D, Nangle J-M, Schwaiger S, Gill M et al. Are deficits in
executive sub-processes simply reflecting more general cognitive decline in
schizophrenia? Schizophr Res 2006; 85: 168–173.

8 Joyce EM, Hutton SB, Mutsatsa SH, Barnes TRE. Cognitive heterogeneity in first-
episode schizophrenia. Br J Psychiatry 2005; 187: 516–522.

9 Catts VS, Fung SJ, Long LE, Joshi D, Vercammen A, Allen KM et al. Rethinking
schizophrenia in the context of normal neurodevelopment. Front Cell Neurosci
2013; 7: 60.

10 Khandaker GM, Barnett JH, White IR, Jones PB. A quantitative meta-analysis of
population-based studies of premorbid intelligence and schizophrenia. Schizophr
Res 2011; 132: 220–227.

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

12 MacCabe JH, Brébion G, Reichenberg A, Ganguly T, McKenna PJ, Murray RM et al.
Superior intellectual ability in schizophrenia: neuropsychological characteristics.
Neuropsychology 2012; 26: 181–190.

13 Wechsler D. Wechsler Adult Intelligence Scale (WAIS-III). 3rd (edn). The Psycholo-
gical Corporation (Harcourt Assessment): San Antonio, TX, USA, 1997.

14 Wilk CM, Gold JM, McMahon RP, Humber K, Iannone VN, Buchanan RW. No,
it is not possible to be schizophrenic yet neuropsychologically normal.
Neuropsychology 2005; 19: 778–786.

15 Wechsler D. Wechsler Test of Adult Reading (WTAR). The Psychological Corporation
(Harcourt Assessment): San Antonio, TX, USA, 2001.

16 Green RE, Melo B, Christensen B, Ngo L-A, Monette G, Bradbury C. Measuring
premorbid IQ in traumatic brain injury: an examination of the validity of the
Wechsler Test of Adult Reading (WTAR). J Clin Exp Neuropsychol 2008; 30:
163–172.

17 Dalby JT, Williams R. Preserved reading and spelling ability in psychotic disorders.
Psychol Med 1986; 16: 171–175.

18 Jastak S, Wilkinson GS. The Wide Range Achievement Test- Revised Administration
Manual. Jastak Associates: Wilmington, Del, 1984.

19 Badcock JC, Dragović M, Waters FAV, Jablensky A. Dimensions of intelligence in
schizophrenia: evidence from patients with preserved, deteriorated and
compromised intellect. J Psychiatr Res 2005; 39: 11–19.

20 Leeson VC, Sharma P, Harrison M, Ron MA, Barnes TRE, Joyce EM. IQ trajectory,
cognitive reserve, and clinical outcome following a first episode of psychosis:
a 3-year longitudinal study. Schizophr Bull 2011; 37: 768–777.

21 Loughland C, Draganic D, McCabe K, Richards J, Nasir A, Allen J et al.
Australian Schizophrenia Research Bank: a database of comprehensive clinical,

endophenotypic and genetic data for aetiological studies of schizophrenia. Aust N
Z J Psychiatry 2010; 44: 1029–1035.

22 Castle DJ, Jablensky A, McGrath JJ, Carr V, Morgan V, Waterreus A et al.
The diagnostic interview for psychoses (DIP): development, reliability and
applications. Psychol Med 2006; 36: 69–80.

23 Randolph C. RBANS Manual—Repeatable Battery for the Assessment of
Neuropsychological Status. The Psychological Corporation (Harcourt Brace &
Company): San Antonio, TX, USA, 1998.

24 Wilk CM, Gold JM, Humber K, Dickerson F, Fenton WS, Buchanan RW. Brief cog-
nitive assessment in schizophrenia: normative data for the Repeatable Battery for
the Assessment of Neuropsychological Status. Schizophr Res 2004; 70: 175–186.

25 Sumerall SW, Timmons PL, James AL, Ewing MJ, Oehlert ME. Expanded
norms for the Controlled Oral Word Association Test. J Clin Psychol 1997; 53:
517–521.

26 Wechsler D. Wechsler Abbreviated Scale of Intelligence (WASI). The Psychological
Corporation (Harcourt Assessment): San Antonio, TX, USA, 1999.

27 Axelrod BN. Validity of the Wechsler abbreviated scale of intelligence
and other very short forms of estimating intellectual functioning. Assessment
2002; 9: 17–23.

28 Ryan JJ, Carruthers Ca, Miller LJ, Souheaver GT, Gontkovsky ST, Zehr MD. The Wasi
Matrix Reasoning Subtest. Int J Neurosci 2005; 115: 129–136.

29 Gold J, Queern C, Iannone V, Buchanan R. Repeatable battery for the assessment
of neuropsychological status as a Screening Test in Schizophrenia, I: sensitivity,
reliability, and validity. Am J Psychiatry 1999; 156: 1944–1950.

30 Wechsler D. Wechsler Memory Scale (WMS-III). Psychological Corporation: San
Antonio, TX, USA, 1997.

31 Lo Siou G, Yasui Y, Csizmadi I, McGregor SE, Robson PJ. Exploring statistical
approaches to diminish subjectivity of cluster analysis to derive dietary patterns:
The Tomorrow Project. Am J Epidemiol 2011; 173: 956–967.

32 Andreasen N. Negative Symptoms in Schizophrenia. Arch Gen Psychiatry 1982; 39:
784–788.

33 Rowland JE, Hamilton MK, Lino BJ, Ly P, Denny K, Hwang E-J et al. Cognitive
regulation of negative affect in schizophrenia and bipolar disorder. Psychiatry Res
2013; 208: 21–28.

34 Jones SH, Thornicroft G, Coffey M, Dunn G. A brief mental health outcome
scale-reliability and validity of the Global Assessment of Functioning (GAF).
Br J Psychiatry 1995; 166: 654–659.

35 Welkowitz J, Ewen R, Cohen J. Introductory Statistics for the Behavioral Science.
Academic Press, 1976, 335 p.

36 Pantelis C, Yücel M, Wood SJ, Velakoulis D, Sun D, Berger G et al. Structural brain
imaging evidence for multiple pathological processes at different stages of brain
development in schizophrenia. Schizophr Bull 2005; 31: 672–696.

37 Tranel D, Vianna E, Manzel K, Damasio H, Grabowski T. Neuroanatomical correlates
of the Benton Facial Recognition Test and Judgment of Line Orientation Test.
J Clin Exp Neuropsychol 2009; 31: 219–233.

38 Weickert TW, Terrazas A, Bigelow LB, Apud Ja, Egan MF, Weinberger DR. Per-
ceptual category judgment deficits are related to prefrontal decision making
abnormalities in schizophrenia. Front Psychiatry 2014; 4: 184.

39 Frisoni GB, Pievani M, Testa C, Sabattoli F, Bresciani L, Bonetti M et al. The
topography of grey matter involvement in early and late onset Alzheimer’s dis-
ease. Brain 2007; 130: 720–730.

40 Zalesky A, Fornito A, Seal ML, Cocchi L, Westin CF, Bullmore ET et al. Disrupted
axonal fiber connectivity in schizophrenia. Biol Psychiatry 2011; 69: 80–89.

41 Jurado MB, Rosselli M. The elusive nature of executive functions: a review of our
current understanding. Neuropsychol Rev 2007; 17: 213–233.

42 Pantelis C, Wood SJ, Proffitt TM, Testa R, Mahony K, Brewer WJ et al. Attentional
set-shifting ability in first-episode and established schizophrenia: Relationship to
working memory. Schizophr Res 2009; 112: 104–113.

43 Pantelis C, Yücel M, Bora E, Fornito A, Testa R, Brewer WJ et al. Neurobiological
markers of illness onset in psychosis and schizophrenia: The search for a
moving target. Neuropsychol Rev 2009; 19: 385–398.

44 Pantelis C, Wannan C, Bartholomeusz CF, Allott K, McGorry PD. Cognitive Inter-
vention in Early Psychosis—Preserving abilities versus remediating deficits. Curr
Opin Behav Sci 2015; 4: 63–72.

45 Ammari N, Heinrichs RW, Miles A. An investigation of 3 neurocognitive subtypes
in schizophrenia. Schizophr Res 2010; 121: 32–38.

46 Fett A-KJ, Viechtbauer W, Dominguez M-G, Penn DL, van Os J, Krabbendam L. The
relationship between neurocognition and social cognition with functional out-
comes in schizophrenia: a meta-analysis. Neurosci Biobehav Rev 2011; 35:
573–588.

47 Klingberg S, Wölwer W, Engel C, Wittorf A, Herrlich J, Meisner C et al. Negative
symptoms of schizophrenia as primary target of cognitive behavioral therapy:
results of the randomized clinical TONES study. Schizophr Bull 2011; 37: S98–S110.

48 Ball JD, Hart RP, Stutts ML, Turf E, Barth JT. Comparative utility of Barona
Formulae, Wtar demographic algorithms, and WRAT-3 reading for estimating

Premorbid and current intellect in schizophrenia
R Wells et al

7

© 2015 Schizophrenia International Research Society/Nature Publishing Group npj Schizophrenia (2015) 15043



premorbid ability in a diverse research sample. Clin Neuropsychol 2007; 21:
422–433.

49 Mathias JL, Bowden SC, Barrett-Woodbridge M. Accuracy of the Wechsler Test of
Adult Reading (WTAR) and National Adult Reading Test (NART) when estimating
IQ in a healthy Australian sample. Aust Psychol 2007; 42: 49–56.

50 Miller GA, Chapman JP. Misunderstanding analysis of covariance. J Abnorm
Psychol 2001; 110: 40–48.

This work is licensed under a Creative Commons Attribution 4.0
International License. The images or other third party material in this

article are included in the article’s Creative Commons license, unless indicated
otherwise in the credit line; if the material is not included under the Creative Commons
license, users will need to obtain permission from the license holder to reproduce the
material. To view a copy of this license, visit http://creativecommons.org/licenses/
by/4.0/

Supplementary Information accompanies the paper on the npj Schizophrenia website (http://www.nature.com/npjschz)

Premorbid and current intellect in schizophrenia
R Wells et al

8

npj Schizophrenia (2015) 15043 © 2015 Schizophrenia International Research Society/Nature Publishing Group

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The impact of premorbid and current intellect in schizophrenia: cognitive, symptom, and functional outcomes
	Introduction
	materials and Methods
	Participants
	Premorbid IQ
	Current cognitive function
	Current global cognitive ability estimate
	Classification of groups

	Table 1 Demographics characteristics of the samples of healthy adults and people with schizophrenia
	Figure 1 Cognitive domain profiles of the preserved, deteriorated, and compromised patient groups.
	Symptom severity and functional outcome assessment
	Statistical analyses

	Results
	Cluster analyses
	Demographic results
	Additional neuropsychological measures

	Table 2 Demographic characteristics of empirically clustered groups
	Symptom severity
	Functional outcome

	Discussion
	Table 3 Comparison of performance on all cognitive tests on the basis of gender and the empirically derived cognitive subgroups of people with schizophrenia and healthy controls
	Table 4 Comparison of symptom severity and general functioning on the basis of empirically derived cognitive subgroups of people with schizophrenia
	We thank the ASRB Chief Investigators: Carr V, Schall U, Scott R, Jablensky A, Mowry B, Michie P, Pantelis C, Catts S, Henskens F, and ASRB Manager: Loughland C for the compilation of this resource. This work was supported by the University of New South W
	ACKNOWLEDGEMENTS
	Schaefer J, Giangrande E, Weinberger DR, Dickinson D. The global cognitive impairment in schizophrenia: consistent over decades and around the�world. Schizophr Res 2013; 150: 42&#x02013;50.Leeson VC, Barnes TRE, Harrison M, Matheson E, Harrison I, Mutsats
	Schaefer J, Giangrande E, Weinberger DR, Dickinson D. The global cognitive impairment in schizophrenia: consistent over decades and around the�world. Schizophr Res 2013; 150: 42&#x02013;50.Leeson VC, Barnes TRE, Harrison M, Matheson E, Harrison I, Mutsats
	REFERENCES


