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IMPORTANCE Cognitively distinct subgroups of schizophrenia have been defined based on
premorbid and current IQ, but little is known about the neuroanatomical differences among
these cognitive subgroups.

OBJECTIVES To confirm previous findings related to IQ-based subgroups of patients with
schizophrenia in an independent sample and extend those findings to determine the extent
to which brain volumetric differences correspond to the IQ-based subgroups.

DESIGN, SETTING, AND PARTICIPANTS A total of 183 participants were assessed at the
outpatient settings of Neuroscience Research Australia and Lyell McEwin Hospital from
September 22, 2009, to August 1, 2012. Patients were classified using cluster analysis on the
basis of current and premorbid IQ differences. Regional magnetic resonance imaging (MRI)
brain volumes were compared among the IQ-based subgroups using analysis of covariance
with intracranial volume and age as covariates.

MAIN OUTCOMES AND MEASURES Wechsler Adult Intelligence Scale, third edition, scores;
Wechsler Test of Adult Reading scores; Positive and Negative Syndrome Scale scores; and
MRI brain volumes.

RESULTS Ninety-six outpatients (mean [SD] age, 35.7 [8.4] years; age range, 18-51 years; 59
men) with schizophrenia or schizoaffective disorder and 87 healthy controls (mean [SD] age,
31.9 [8.4] years; age range, 20-50 years; 46 men) were studied. Sixty-two patients and 67
healthy controls underwent structural MRI of the brain. Cluster analyses revealed 25
putatively preserved patients (26%), 33 moderately deteriorated patients (34%), 27 severely
deteriorated patients (28%), and 11 compromised patients (12%). Negative symptom scores
were significantly worse in the severely deteriorated group relative to the putatively
preserved group (F2,82 = 13.8, P < .001, effect size [ES] = 1.40). Patient subgroups analyzed
revealed significantly reduced inferior parietal volume relative to controls (F3,113 = 9.7,
P < .001, ES = 0.85-1.24). The severely deteriorated group had significantly reduced total
hippocampal (mean [SEM], 8309.6 [175.0] vs 9024.0 [145.5]; P = .01), lingual gyrus (mean
[SEM], 11 996.0 [531.5] vs 13 838.1 [441.9]; P = .05), and superior temporal sulcus (mean
[SEM], 4697.8 [192.0] vs 5446.0 [159.6]; P = .05) gray matter volumes relative to the
putatively preserved group (ES = 0.91-1.10).

CONCLUSIONS AND RELEVANCE Using an independent sample, we obtained proportions in
each IQ-based subgroup that were similar to our previous work. Inferior parietal volume
reduction was characteristic of schizophrenia relative to controls, and the severely
deteriorated IQ group had widespread volumetric reductions. Classifying cognitive
heterogeneity in schizophrenia provides a platform to better characterize the neurobiological
underpinnings of the illness and its treatment.
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C ognitive deficits in schizophrenia, although heteroge-
neous in nature, are characteristic of the disease and
predate illness onset.1 Both neurocognitively im-

paired patients (74%) and putatively cognitively normal pa-
tients (26%) were previously identified.2 Three distinct groups
were identified based on the putative temporal pattern of IQ
trajectories before and after illness onset: those patients who
had a significant decrease from normal premorbid IQ esti-
mates, those with normal premorbid IQ estimates who ap-
peared to maintain or preserve their IQ, and those with low
premorbid IQ estimates and global cognitive deficits.3 These
3 groups were labeled deteriorated, preserved, and compro-
mised, respectively, and made up 51%, 25%, and 23% of the
cohort, respectively. These findings were recently replicated
in a large independent sample of 534 chronically ill patients
with schizophrenia and 635 healthy controls.4 These IQ-
based subgroups were also identified in similar proportions of
individuals with first-episode psychosis.5,6

Despite the identification of unique, intellectually based
subgroups, the nature and extent of cognitive deficits in these
subgroups remain somewhat unclear because investigators3,7-10

have found that even those with putatively preserved IQ per-
form significantly worse than matched healthy individuals on
a range of cognitive abilities. Conversely, some suggest that
there is a subgroup of people with schizophrenia having pu-
tatively preserved IQ and minimal neuropsychological impair-
ment who appear less symptomatic.11 Thus, further clarifica-
tion is needed around the extent and nature of IQ preservation
and decrease in schizophrenia.

Extending the previous IQ-based classification work by es-
tablishing whether these different intellectual subgroups are
associated with differences in brain structure would help de-
termine whether these IQ-based classifications are related to
underlying neurobiological differences. Although there is some
evidence of regionally distinct neural abnormalities in these
cognitive subgroups, previous studies12,13 have been limited in
sample size, and inconsistencies in the methods applied make
direct comparisons difficult. Neuropsychologically impaired pa-
tients were different from healthy controls in relation to re-
duced hippocampal, amygdala, and thalamic volume and larger
lateral ventricle size,12 whereas neuropsychologically near-
normal and impaired patients only differed in white matter vol-
ume in the sensorimotor and parietal-occipital regions. Oth-
ers have found that a putatively preserved patient group had
significantly less gray matter than controls in a region extend-
ing from the orbital prefrontal cortex to the anterior cingulate
gyrus.13 Woodward and Heckers14 found that neuropsycho-
logically normal patients with bipolar disorder and schizophre-
nia had regional changes in white matter but not gray matter
compared with controls; however, neuropsychologically im-
paired patients (compromised and deteriorated) had reduced
total brain volume and more widespread reductions in gray mat-
ter and white matter. Taken together, these studies12-14 sug-
gest that cortical or subcortical brain volumes may not be uni-
formly reduced in all people with schizophrenia, but instead
they may differ with the degree of cognitive deterioration, such
that a more widespread reduction in volume may be related to
more extensive cognitive decline. Thus, given the paucity of

studies that compare cognitively putatively preserved, dete-
riorated, and compromised subgroups on the basis of brain
volumes, additional work is needed to confirm these prelimi-
nary findings.

The aim of the present study was to replicate previous
findings3 identifying distinct IQ-based subgroups of patients
in a cohort of 96 outpatients with schizophrenia or schizoaf-
fective disorder and, more important, to extend that work by
determining the extent to which brain volumetric differ-
ences further define these intellectually based subgroups. Our
hypothesis was that the more severely deteriorated groups
would have more extensive brain volume changes.

Methods
Participants
Outpatients with a diagnosis of schizophrenia or schizoaffec-
tive disorder were recruited into a treatment trial at 2 sites: Neu-
roscience Research Australia, Sydney, New South Wales (48
men and 26 women), and Lyell McEwin Hospital, Adelaide,
South Australia (11 men and 11 women). All participants were
between the ages of 18 and 51 years and had been receiving an-
tipsychotics for at least 1 year before their entry into the study.
Diagnostic and exclusion criteria are described in the eMate-
rial in the Supplement. Healthy adults between the ages of 20
and 50 years met the criteria for entry into the study and were
recruited to the 2 sites (Sydney: 37 men and 31 women; Ad-
elaide: 9 men and 10 women) as a comparison group. Partici-
pants were assessed from September 22, 2009, to August 1,
2012. All participants provided written informed consent, and
the study was approved and monitored by the South Eastern
Sydney and Illawarra Area Health Services, the University of
New South Wales, and the Adelaide Health Service Human Re-
search Ethics Committees. Data were deidentified and the code
stored with identifying data in a separate file that was not
accessible to all staff working on the study.

Procedures
Cognitive and Other Measures
The eMaterial in the Supplement provides a description of the
cognitive, symptoms, negative emotional state, quality of life,
and functional outcome measures.

Key Points
Question What is the extent to which brain volumetric
differences further define intellectually based subgroups of people
with schizophrenia?

Findings In this study of 96 patients, cluster analytical techniques
revealed 4 IQ-based subgroups in which all those assessed had
significantly reduced inferior parietal volume relative to healthy
controls; however, a severely deteriorated subgroup had the most
extensive reduction of gray matter volume relative to all groups.

Meaning Classifying the cognitive heterogeneity associated with
schizophrenia can provide a platform to better characterize the
neurobiological underpinnings of the illness and its treatment.
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Structural Imaging and Volumetric Processing
Only participants at the Sydney site underwent magnetic reso-
nance imaging (MRI), which was performed using a 3-T Phil-
lips Achieva magnet (Phillips Healthcare) with an 8-channel
head coil at Neuroscience Research Australia, Randwick, New
South Wales, from September 22, 2009, to August 1, 2012. T1-
weighted, high-resolution anatomical scans were obtained with
1-mm section thickness and no gap for a total of 180 sections
with a repetition time of 5.4 milliseconds, echo time of 2.4 mil-
liseconds, and a field view of 256 mm. Scans were visually in-
spected for motion or other artifacts and for significant neu-
roanatomical abnormalities. The eMaterial in the Supplement
provides the reasons and number of participants excluded from
MRI. Sixty-two patients and 67 healthy controls underwent
structural MRI of the brain. Scans were processed with Free-
Surfer software, version 5.1.0 (Athinoula A. Martinos Center
for Biomedical Imaging) on a Mac OSX 10.8 (Apple Inc). A de-
tailed description of the FreeSurfer cortical reconstruction and
volumetric segmentation method (including published refer-
ences) is available at http://surfer.nmr.mgh.harvard.edu/. All
processed scans were visually inspected for errors and, if nec-
essary, manually edited and reprocessed in FreeSurfer by
trained personnel. Volumetric data for each brain region were
then calculated using the FreeSurfer Desikan-Killiany atlas. Vol-
umes for each region of interest in the left and right hemi-
sphere were summed, and the total volume was included in
statistical analyses.

IQ-Based Subgroups
Both clinical IQ decline–based and empirical cluster analysis
subgroups were formed,3 and the subgroups were compared
on the basis of cognitive, symptomatic, and structural imaging
variables. Given that the empirical clustering analysis method
provides a relatively unbiased, data-driven approach and the
2 classification strategies produced similar results, the em-
pirical classification methods (eMaterial in the Supplement)
are featured with empirical results presented below, whereas
clinical classification methods and results are reported in the
eMaterial in the Supplement.

Statistical Analysis
All data analyses were performed using SPSS statistical soft-
ware, version 22, for Windows (IBM), with the α value set to
.05. Antipsychotic dose was converted to mean daily chlor-
promazine equivalent dose based on standard guidelines.15,16

Demographic variables, mean current daily chlorpromazine
equivalent dose, symptom severity, emotional states, quality
of life, daily function measures (Positive and Negative Syn-
drome Scale [PANSS], Depression Anxiety and Stress Scale,
Schizophrenia Quality of Life Scale total, and Medical Out-
comes Study 36-Item Short-Form Health Survey, version 2), and
the cognitive measures (Letter Number Sequencing, Con-
trolled Oral Word Association Test, Logical Memory I and II,
and Trail Making Test Form A) were compared as appropriate
among groups using univariate analyses of variance with
follow-up Scheffe pairwise comparisons. The compromised
subgroup was not included in the statistical analyses because
of the small numbers of patients in that group. False-positive

results related to multiple comparisons were controlled using
the Benjamini-Hochberg false discovery rate method.17

Effect size (ES) calculations were measured as Cohen d.
To determine whether there were regionally distinct brain

volumetric differences among the cognitive subgroups and
healthy controls, a series of univariate analyses of covariance
were applied to total regional brain volumes with cognitive sub-
group as the between-group factor and age and intracranial
volume as covariates with false discovery rate corrections.17

Follow-up Tukey pairwise comparisons were conducted with
Bonferroni corrections. The ES calculations were measured as
Ψ root-mean-square standardized effect.

Results
Empirically Derived Subgroups
Ninety-six outpatients (mean [SD] age, 35.7 [8.4] years; age
range, 18-51 years; 59 men) with schizophrenia or schizoaf-
fective disorder and 87 healthy controls (mean [SD] age, 31.9
[8.4] years; age range, 20-50 years; 46 men) were studied. The
final MRI sample for analysis consisted of 54 patients and 65
controls. The analyses yielded 4 IQ groups that defined 3 gen-
eral IQ-based trajectories (ie, putatively preserved, deterio-
rated, and compromised). The 4 clusters included a puta-
tively preserved group that consisted of 25 patients (26%) with
a mean Wechsler Test of Adult Reading (WTAR) score (a pre-
morbid IQ estimate) of 110.3 and a mean Wechsler Adult In-
telligence Scale, third edition (WAIS-III), full-scale IQ (FSIQ)
score of 107.8; 2 deteriorated groups, with one consisting of
33 patients (34%) with a mean WTAR score of 103.9 and a mean
WAIS-III FSIQ score of 92.6 (moderate deterioration) and the
other deteriorated group consisting of 27 patients (28%) hav-
ing a mean WTAR score of 99.7 and a mean WAIS-III FSIQ score
of 77.3 (severe deterioration); and a compromised group con-
sisting of 11 patients (12%) with a mean WTAR score of 85.0 and
a mean WAIS-III FSIQ score of 80.5.

Regarding demographic, cognitive, and symptom vari-
ables, there were many similarities and some differences
among the IQ subgroups (Table 1). No significant differences
were found in relation to sex and ethnicity ratios among the
IQ subgroups. The patient subgroups did not differ signifi-
cantly on age at onset, illness duration, or mean daily chlor-
promazine equivalent dose. No significant differences were
found in age among the groups with the exception that the
moderately deteriorated group was significantly older than
controls (ES = 0.65). All the groups had significant differ-
ences in education (ES = 0.67-1.73) with the exception of the
controls vs the putatively preserved group and the moder-
ately deteriorated vs severely deteriorated groups.

The putatively preserved subgroup was not significantly
different from healthy controls on premorbid or current IQ. The
2 deteriorated groups, however, had significantly lower pre-
morbid IQ relative to the putatively preserved group (ES = 1.14-
2.03), and the severely deteriorated group had significantly
lower premorbid IQ compared with healthy controls (ES = 1.19).
Both deteriorated groups had significantly lower current IQ
measures relative to both the controls and the putatively

Brain Volumetric Differences in Cognitive Subtypes of Schizophrenia Original Investigation Research

jamapsychiatry.com (Reprinted) JAMA Psychiatry December 2016 Volume 73, Number 12 1253

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2016.2925&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.2925
http://surfer.nmr.mgh.harvard.edu/
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2016.2925&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.2925
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2016.2925&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.2925
http://www.jamapsychiatry.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2016.2925


Copyright 2016 American Medical Association. All rights reserved.

preserved subgroup (ES = 1.36-5.39). Although the puta-
tively preserved group did not differ significantly from healthy
controls on IQ, they had significant deficits relative to con-
trols in relation to attention/processing speed, negative emo-
tional states, quality of life, and functional outcome (ES = 1.03-
1.70). The deteriorated groups performed significantly worse
on all cognitive, negative emotional states, quality of life, and
functional outcome measures relative to healthy controls
(ES = 0.75-1.78) with the exception of verbal fluency, which in
the moderately deteriorated group did not differ signifi-
cantly from controls. The moderately and severely deterio-
rated groups performed significantly worse than the puta-

tively preserved group on verbal memory and working memory
(ES = 0.79-2.03). The severely deteriorated group performed
significantly worse than the putatively preserved group on
PANSS negative symptom severity (ES = 1.40) and verbal flu-
ency (ES = 1.11). The severely deteriorated group performed sig-
nificantly worse on verbal fluency (ES = 0.86) and had signifi-
cantly higher PANSS negative symptom severity scores than
the moderately deteriorated group (ES = 1.00). Few differ-
ences were found between the empirical and clinical group-
ing strategies, which were primarily limited to differences be-
tween the putatively preserved group and controls (premorbid
IQ and working memory), deteriorated group and controls

Table 1. Empirical Subgroup Demographic, Cognitive, Symptom, Emotional States, Quality of Life, and Functional Comparisons

Measure

Healthy
Controls

Putatively
Preserved

Moderately
Deteriorated

Severely
Deteriorated Compromised ANOVA/χ2 Valuea

No. Mean (SD) No. Mean (SD) No. Mean (SD) No. Mean (SD) No. Mean (SD) F (df) P Value
Demographics
Age, y 87 31.9 (8.4) 25 35.5 (10.1) 33 37.2 (7.9) 27 35.4 (7.7) 11 32.2 (7.3) 3.9 (3,168)b .01c

Educational level, y 87 14.6 (2.3) 25 14.6 (2.5) 33 12.5 (2.1) 27 11.3 (1.4) 11 10.5 (1.4) 19.6 (3,168)b <.001c,d,e,f

Sex, M/F 87 46/41 25 16/9 33 21/12 27 16/11 11 6/5 1.7 (3) .63
Ethnicityg 87 69/12/2/4 25 21/2/2/0 33 28/1/2/2 26 24/1/0/1 11 9/1/1/0 9.3 (9) .41
Age at onset, y NA NA 25 23.7 (5.3) 33 23.4 (6.3) 27 21.0 (4.8) 11 23.6 (6.0) 1.8 (2,82) .17
Illness duration, y NA NA 25 11.8 (8.2) 33 13.8 (7.6) 27 14.3 (7.5) 11 8.5 (4.2) 0.8 (2,82) .47
Chlorpromazine
equivalents

NA NA 25 472.7 (452.9) 33 558.5 (400.0) 27 689.2 (564.7) 11 285.5 (118.1) 1.4 (2,82) .25

IQ estimates
WTAR score 87 108.1 (8.8) 25 110.3 (5.6) 33 103.9 (5.6) 27 99.7 (4.8) 11 85.0 (6.6) 12.7 (3,168)b <.001d,e,f

WAIS-III
FSIQ score

87 107.0 (14.5) 25 107.8 (5.9) 33 92.6 (3.9) 27 77.3 (5.4) 11 80.5 (9.5) 59.9 (3,168)b <.001c,d,e,f,h

Cognitive Measures
WMS-R LM I 87 11.9 (3.4) 25 10.1 (3.6) 33 7.4 (3.2) 27 6.6 (2.5) 11 6.0 (2.8) 26.4 (3,168)b <.001c,d,e,f

WMS-R LM II 87 10.4 (3.6) 25 8.7 (3.2) 33 5.5 (2.6) 27 4.9 (2.5) 11 4.9 (3.3) 30.0 (3,168)b <.001c,d,e,f

WAIS-III LNS 87 10.9 (2.9) 25 10.7 (1.7) 33 7.9 (2.3) 27 6.6 (2.3) 11 5.8 (2.2) 25.8 (3,168)b <.001c,d,e,f

COWAT letter fluency 87 43.2 (11.4) 25 42.4 (10.6) 33 37.6 (10.2) 27 28.1 (8.6) 11 31.4 (8.3) 14.6 (3,168)b <.001d,f,h

TMT-A 70 25.6 (8.7) 16 35.8 (8.6) 24 36.9 (11.4) 23 43.1 (15.8) 9 38.8 (12.5) 18.8 (3,129)b <.001c,d,i

Symptoms, Emotion, and Function
PANSS

Positive NA NA 25 15.3 (3.7) 33 14.4 (4.2) 27 15.4 (5.6) 11 16.2 (15.9) 0.5 (2,82) .63
Negative NA NA 25 11.6 (3.9) 33 12.9 (5.9) 27 19.1 (6.5) 11 14.3 (4.2) 13.8 (2,82)b <.001f,h

General NA NA 25 29.1 (5.8) 33 29.7 (10.0) 27 34.0 (8.5) 11 29.4 (9.5) 2.7 (2,82) .08
Total NA NA 25 56.0 (11.0) 33 57.0 (17.5) 27 68.4 (16.8) 11 59.8 (18.2) 5.4 (2,82)b .006f,h

SQLS total 81 23.2 (11.2) 24 49.0 (18.4) 31 45.2 (16.8) 26 46.9 (20.0) 11 48.6 (16.5) 33.1 (3,158)b <.001c,d,i

SF-36, version 2 81 140.9 (10.7) 25 119.9 (16.9) 33 111.6 (18.8) 25 113.0 (24.6) 9 111.3 (14.3) 37.8 (3,160)b <.001c,d,i

DASS
Depression 81 3.6 (5.5) 25 13.0 (8.5) 33 12.2 (9.7) 27 11.0 (9.5) 11 14.4 (12.6) 17.3 (3,162)b <.001c,d,i

Anxiety 81 2.9 (4.1) 25 8.9 (7.1) 33 9.5 (6.7) 27 11.7 (8.2) 11 12.0 (11.0) 20.8 (3,162)b <.001c,d,i

Stress 81 6.7 (7.8) 25 15.8 (9.8) 33 14.8 (8.4) 27 13.8 (10.8) 11 14.2 (9.3) 12.1 (3,162)b <.001c,d,i

Abbreviations: ANOVA, analysis of variance; COWAT, Controlled Oral Word
Association Test; DASS, Depression Anxiety and Stress Scale; FSIQ, full-scale IQ;
NA, not applicable; PANSS, Positive and Negative Syndrome Scale;
SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey version 2;
SQLS, Schizophrenia Quality of Life Scale; TMT-A, Trail Making Test Form A;
WAIS-III, Wechsler Adult Intelligence Scale III; WAIS-III LNS, Wechsler Adult
Intelligence Scale III–Letter Number Sequencing; WMS-R LM I, Wechsler
Memory Scale–Revised Logical Memory Immediate; WMS-R LM II, Wechsler
Memory Scale–Revised Logical Memory Delayed; WTAR, Wechsler Test
of Adult Reading.
a ANOVA or χ2 value of the participant demographics of IQ, cognitive, and

symptom measures among healthy controls, empirically preserved, and
empirically deteriorated subgroups, with follow-up Scheffe tests.

b These ANOVA results were false discovery rate corrected separately for
cognitive (IQ) and symptom measures.

c Healthy controls significantly different from moderately deteriorated group
(P � .03).

d Healthy controls significantly different from severely deteriorated group
(P � .005).

e Putatively preserved group significantly different from moderately
deteriorated group (P � .02).

f Putatively preserved group significantly different from severely deteriorated
group (P � .02).

g White/Asian/White Asian/other.
h Moderately deteriorated group significantly different from severely

deteriorated group (P � .02).
i Healthy controls significantly different from the putatively preserved group

(P � .01).
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Table 2. Empirical Subgroup Whole-Brain Volume Comparisons

Bilateral
Whole-Brain
Region

Mean (SE)

F (df)
P
Value

P Value
for FDR
Adjusteda

Healthy
Controls
(n = 65)

Putatively
Preserved
(n = 21)

Moderately
Deteriorated
(n = 19)

Severely
Deteriorated
(n = 14)

Intracranial volume 1 396 906.1 (21 891.1) 1 459 285.2 (38 208.7) 1 459 230.6 (39 985.4) 1 383 743.2 (46 109.7) 1.2 (3,114) .32 .40
Total gray volume 700 127.2 (5432.3) 678 660.1 (9501.3) 683 856.3 (9938.2) 656 974.7 (11 427.9) 4.3 (3,113) .006b .02c

Subcortical gray matter 198 388.8 (2186.8) 194 417.5 (3824.8) 200 557.2 (4000.7) 202 006.6 (4600.4) 0.7 (3,113) .57 .57
Cortex 501 738.4 (4559.2) 484 242.7 (7974.2) 483 299.0 (8340.9) 454 968.1 (9591.1) 6.8 (3,113) <.001b .001c

Cortical white matter 506 276.7 (5491.1) 506 712.3 (9604.1) 506 262.4 (10 045.8) 468 457.9 (11 551.5) 3.2 (3,113) .03 .05c

Abbreviation: FDR, false discovery rate.
a Analysis of covariance of total brain volumes among healthy controls,

empirically preserved patients, and empirically deteriorated patients, with age
and intracranial volume as covariates with the post hoc Tukey
(Bonferroni-adjusted) test results.

b Significant post hoc results.
c Healthy controls significantly different from severely deteriorated group

(P � .02).

Table 3. Empirical Subgroup Cortical Brain Volume Comparisonsa

Bilateral Cortical
Brain Region

Mean (SE)

F (df) P Value

P Value
for FDR
Adjusted

Healthy
Controls
(n = 65)

Putatively
Preserved
(n = 21)

Moderately
Deteriorated
(n = 19)

Severely
Deteriorated
(n = 14)

Banks of the superior
temporal sulcus

5594.9 (91.3) 5446.0 (159.6) 5359.9 (167.0) 4697.8 (192.0) 5.9 (3,113) .001 .007b,c,d

Caudal anterior cingulate 4510.5 (99.7) 4182.3 (174.5) 3979.5 (182.5) 3943.1 (209.8) 3.4 (3,113) .02 .04b

Caudal middle frontal 13 477.4 (230.2) 13 252.7 (402.6) 12 889.4 (421.1) 12 906.8 (484.3) 0.7 (3,113) .55 .59
Cuneus 6328.9 (114.6) 6131.9 (200.4) 6106.2 (209.7) 5879.3 (241.1) 1.1 (3,113) .36 .43
Entorhinal 4079.5 (73.9) 3892.9 (129.3) 3926.4 (135.3) 3486.6 (155.5) 4.0 (3,113) .01 .03b,c

Fusiform 21 817.3 (311.1) 20 224.2 (544.1) 20 966.0 (569.1) 18 897.0 (654.4) 6.2 (3,113) .001 .007b,c

Inferior parietal 31 684.6 (412.8) 28 922.8 (722.0) 28 253.6 (755.2) 27 680.7 (868.4) 9.7 (3,113) <.001 <.002b,c,e,f

Inferior temporal 23 568.7 (332.2) 22 611.1 (581.0) 21 860.2 (607.7) 21 024.6 (698.8) 4.6 (3,113) .005 .02b,c

Isthmus cingulate 5381.0 (95.7) 5247.7 (167.3) 5367.5 (175.0) 5064.6 (201.3) 0.8 (3,113) .52 .57
Lateral occipital 24 347.9 (346.0) 24 219.3 (605.2) 23 504.6 (633.1) 23 633.7 (728.0) 0.6 (3,113) .61 .61
Lateral orbital frontal 16 119.7 (195.1) 15 905.4 (341.2) 15 909.3 (356.8) 14 656.9 (410.3) 3.5 (3,113) .02 .04b,c

Lingual 13 914.5 (252.7) 13 838.1 (441.9) 14 075.1 (462.2) 11 996.0 (531.5) 3.9 (3,113) .01 .03b,c,d,g

Medial orbital frontal 10 967.4 (140.3) 10 812.3 (245.4) 10 540.2 (256.7) 9963.8 (295.2) 3.4 (3,113) .02 .04b,c

Middle temporal 25 306.1 (329.8) 24 131.5 (576.8) 23 850.9 (603.4) 21 998.4 (693.8) 6.6 (3,113) <.001 .004b,c

Parahippocampal 4775.6 (74.9) 4677.8 (131.0) 4861.2 (137.1) 4428.3 (157.6) 1.7 (3,113) .17 .24
Paracentral 7851.4 (129.9) 7588.8 (227.3) 7428.6 (237.7) 7332.6 (273.4) 1.5 (3,113) .23 .30
Pars opercularis 9625.3 (157.1) 9134.5 (274.8) 9292.4 (287.5) 8405.2 (330.6) 3.9 (3,113) .01 .03b,c

Pars orbitalis 5163.3 (77.9) 4853.2 (136.2) 4971.5 (142.5) 4892.8 (163.9) 1.7 (3,113) .17 .24
Pars triangularis 8331.9 (138.0) 8002.0 (241.3) 8182.7 (252.4) 7619.1 (290.3) 1.8 (3,113) .16 .24
Pericalcarine 4281.4 (98.0) 4295.9 (171.4) 4248.2 (179.2) 3888.0 (206.1) 1.1 (3,113) .37 .43
Postcentral gyrus 20 148.4 (272.2) 19 799.7 (476.2) 19 577.1 (498.1) 18 362.0 (572.7) 2.7 (3,113) .05 .09c

Posterior cingulate 6963.5 (106.4) 6623.1 (186.1) 6671.4 (194.7) 6600.7 (223.9) 1.4 (3,113) .25 .32
Precentral 28 024.6 (335.7) 27 639.1 (587.1) 26 982.3 (614.1) 26 463.0 (706.2) 1.7 (3,113) .17 .24
Precuneus 21 284.9 (255.1) 20 992.9 (446.3) 20 345.2 (466.8) 19 174.7 (536.7) 4.6 (3,113) .005 .02b,c

Rostral anterior cingulate 5452.6 (98.4) 5179.5 (172.1) 5232.8 (180.1) 4715.2 (207.1) 3.6 (3,113) .02 .04b,c

Rostral middle frontal 33 973.1 (406.0) 32 634.0 (710.2) 33 159.4 (742.8) 31 205.5 (854.2) 3.1 (3,113) .03 .05c

Superior frontal 47 770.2 (527.7) 45 611.6 (923.0) 46 089.4 (965.4) 43 986.8 (1110.1) 3.8 (3,113) .01 .03b,c

Superior parietal 29 225.1 (424.5) 28 399.0 (742.5) 28 895.3 (776.7) 27 753.3 (893.1) 0.9 (3,113) .46 .52
Superior temporal 24 911.4 (333.4) 23 981.3 (583.1) 24 302.9 (609.9) 21 827.4 (701.3) 5.3 (3,113) .002 .01b,c,g

Supramarginal 23 192.0 (336.1) 22 310.7 (587.9) 23 116.3 (614.9) 20 611.8 (707.1) 3.9 (3,113) .01 .03b,c,g

Frontal pole 2050.9 (34.1) 1943.5 (59.6) 1956.7 (62.3) 1850.7 (71.7) 2.5 (3,113) .06 .11
Temporal pole 5139.9 (73.3) 5068.6 (128.3) 4998.6 (134.2) 4930.2 (154.3) 0.6 (3,113) .59 .61
Transverse temporal 2253.0 (43.1) 2086.2 (75.4) 2205.3 (78.9) 2061.4 (90.7) 2.0 (3,113) .13 .20
Insula 17 820.6 (210.6) 17 006.9 (368.4) 15 951.0 (385.4) 15 719.1 (443.1) 9.7 (3,113) <.001 <.001b,c,f

Abbreviation: FDR, false discovery rate.
a Analysis of covariance of regional brain volumes among healthy controls,

empirically preserved patients, and empirically deteriorated patients, with age
and intracranial volume as covariates with the post hoc Tukey
(Bonferroni-adjusted) test results.

b Significant post hoc results.
c Healthy controls significantly different from severely deteriorated group

(P � .04).

d Putatively preserved group significantly different from severely deteriorated
group (P � .05).

e Healthy controls significantly different from putatively preserved group
(P = .009).

f Healthy controls significantly different from moderately deteriorated group
(P � .001).

g Moderately deteriorated group significantly different from severely
deteriorated group (P � .05).
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(verbal fluency), and putatively preserved and deteriorated
groups (premorbid IQ and PANSS scores) (Table 1 vs eTable 1
in the Supplement).

Structural Imaging
Significant differences were found in brain volumes among the
groups (Tables 2, 3, and 4, Figure, and eFigure in the Supple-
ment). There were no strong (r < .19 for all), significant (P > .13
for all) correlations between any brain region and mean daily
chlorpromazine equivalent dose (eTable 2 in the Supple-
ment). The compromised subgroup was not included in the
analysis of structural brain changes because of the small num-
bers of patients in this group (n = 5). The putatively pre-
served and both deteriorated groups had significantly lower
inferior parietal volumes than controls (ES = 0.85-1.24). Both
deteriorated groups had significantly decreased insula vol-
ume compared with controls (ES = 1.13-1.27). The severely de-
teriorated group had the most extensive abnormalities com-
pared with controls, with significantly reduced volumes in
many cortical regions and significant decreases in total cor-
tex, total gray matter, cortical white matter (Table 2), hippo-
campus volumes, and increased lateral ventricles (ES = 0.59-
1.31) (Table 4 and eFigure in the Supplement). The moderately
deteriorated subgroup did not differ significantly from the pu-
tatively preserved subgroup in relation to any regional brain
volumes. The severely deteriorated group had significantly
smaller banks of superior temporal sulcus, lingual gyrus, and
hippocampal volumes compared with the putatively pre-
served group (ES = 0.91-1.10) and significantly smaller lin-
gual and supramarginal gyri and superior temporal volumes
compared with the moderately deteriorated group (ES = 0.36-
1.05). Some differences were found between empirical and
clinical grouping strategies in relation to brain volumes, with
most differences occurring between the deteriorated and con-
trol groups followed by the putatively preserved vs control

groups (see the Elaborated Results portion of the eMaterial in
the Supplement and compare Tables 2, 3, and 4 with eTables
3, 4, and 5, respectively, in the Supplement).

Discussion
Generally consistent with previous findings,3 empirical clus-
ter analysis of this independent sample revealed 4 distinct IQ-
based subgroups: a putatively preserved subgroup of 25 pa-
tients, a compromised subgroup of 11 patients, and 2
deteriorated subgroups of 33 patients (moderately deterio-
rated) and 27 patients (severely deteriorated). Although 3 clus-
ters were previously defined,3 based on the current analysis,
we further subdivided the deteriorated group into 2 subsets.
Compared with the previous results,3,4 we identify smaller pro-
portions of compromised patients and a larger proportion in
the composite deteriorated group. In the clinical grouping
method (eMaterial in the Supplement), the compromised group
was also underrepresented compared with the previous stud-
ies of these patients3,4 and other studies.6,18,19

Despite having apparently stable IQ levels, the putatively
preserved subgroup had deficits on attention/processing speed,
a finding consistent with the previous studies of these
patients.3,5,20,21 In the present study, the 2 deteriorated groups
were distinguished by a larger mean decline in IQ (11 vs 7 points),
and the severely deteriorated group had additional deficits in
verbal fluency, negative symptom severity, and cortical and sub-
cortical brain volumes beyond that found in the moderately de-
teriorated group. These findings suggest that these deterio-
rated groups are distinct. Although the putatively preserved and
moderately deteriorated groups differed significantly based on
verbal and working memory measures, these 2 groups did not
differ significantly on the basis of other cognitive measures or
brain volumes. Thus, the deteriorated group, as originally

Table 4. Empirical Subgroup Subcortical Brain Volume Comparisons

Bilateral Subcortical
Brain Region

Mean (SE)

F (df) P Value

P Value
for FDR
Adjusteda

Healthy
Controls
(n = 65)

Putatively
Preserved
(n = 21)

Moderately
Deteriorated
(n = 19)

Severely
Deteriorated
(n = 14)

Lateral ventricles 12 022.0 (923.3) 14 140.8 (1614.9) 16 451.1 (1689.2) 20 120.9 (1942.4) 5.4 (3,113) .002 .02b,c

Cerebellum white matter 34 451.7 (1324.7) 37 099.7 (2317.0) 40 519.1 (2423.5) 42 241.8 (2786.8) 3.0 (3,113) .03 .11

Cerebellum cortex 117 496.9 (1864.3) 114 034.8 (3260.8) 120 778.3 (3410.7) 121 749.9 (3922.0) 1.1 (3,113) .36 .61

Thalamus 15 235.8 (174.0) 15 161.0 (304.4) 15 173.6 (318.4) 15 611.3 (366.1) 0.4 (3,113) .77 .86

Caudate 7176.6 (103.6) 7258.6 (181.2) 7286.7 (189.5) 7463.0 (217.9) 0.5 (3,113) .69 .86

Putamen 10 910.5 (149.2) 11 151.1 (261.0) 11 144.4 (273.0) 10 735.0 (314.0) 0.5 (3,113) .67 .86

Pallidum 3248.3 (51.8) 3320.0 (90.7) 3256.9 (94.8) 3213.2 (109.1) 0.2 (3,113) .88 .88

Hippocampus 8972.7 (83.2) 9024.0 (145.5) 8639.2 (152.2) 8309.6 (175.0) 5.0 (3,113) .003 .02b,c,d

Amygdala 3531.2 (45.7) 3610.6 (79.9) 3601.8 (83.5) 3311.4 (96.0) 2.3 (3,113) .08 .16

Accumbens 1282.4 (23.4) 1211.7 (41.0) 1195.2 (42.9) 1156.2 (49.3) 2.4 (3,113) .07 .16

Abbreviation: FDR, false discovery rate.
a Analysis of covariance of total brain volumes among healthy controls,

empirically preserved patients, and empirically deteriorated patients, with age
and intracranial volume as covariates with the post hoc Tukey
(Bonferroni-adjusted) test results.

b Significant post hoc results.

c Healthy controls significantly different from severely deteriorated group
(P � .005).

d Preserved group significantly different from severely deteriorated group
(P = .01).
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presented in the previous work,3 may need to be revised on the
basis of the IQ classification analysis results presented here,
which are supported by the volumetric differences. Overall, our
findings confirm that schizophrenia may be classified on the ba-
sis of distinct subgroups related to IQ deterioration from pre-
morbid levels, which may account for the neurobiological
heterogeneity present in the illness, as shown in other
disorders22 in which temperament-based attention-deficit/
hyperactivity disorder subgroups were related to resting-state
functional connectivity MRI.

Lending further support to the existence of a distinct, se-
verely deteriorated subset of patients with schizophrenia is our

finding that this group had the largest and most widespread
reductions based on cognitive, functional, emotional, and brain
volumetric measures relative to healthy controls, which is gen-
erally consistent with the findings of previous studies.12,14 The
severely deteriorated group had a reduction in 22 of the 48
whole-brain, cortical, or subcortical regions examined and in-
creased lateral ventricle size. These regions are among those
most commonly reported to be decreased in schizophrenia, in-
cluding the superior temporal gyrus, insula, hippocampus, and
total gray matter.23,24 In contrast, the putatively preserved
group differed from the healthy controls only in inferior pa-
rietal volume, whereas the moderately deteriorated group had

Figure. Significant Post Hoc Bivariate Group Comparisons for Cortical Brain Volumes

HC > P

HC > MD

HC > SD

P > SD

MD > SD

P > MDa

P <.05

P <.01

P <.001

HC indicates healthy control (n = 65);
MD, moderately deteriorated
(n = 19); P, putatively preserved
(n = 21); and SD, severely
deteriorated (n = 14).
a No significant differences between

the groups for post hoc
comparisons.
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only significantly reduced inferior parietal and insula vol-
umes relative to healthy controls. The inferior parietal cortex
was the only region with significantly reduced volume across
all 3 schizophrenia subgroups relative to the controls. The in-
ferior parietal cortex is considered a heteromodal association
area, which is essential to sensory integration.25 Sensory in-
tegration dysfunction is one of the earliest and most ubiqui-
tous symptoms of schizophrenia, and a review26 of many stud-
ies found disruptions in connectivity, circuitry, and white
matter integrity of the tracts within the inferior parietal
region in schizophrenia.

Our present results are somewhat consistent with one of the
few studies assessing structural differences on the basis of cog-
nitive subtypes of schizophrenia,12 revealing significant enlarge-
ment of the lateral ventricles and significant reductions in total
hippocampal volume in the neuropsychologically impaired
group but not the putatively preserved group relative to healthy
controls. In a departure from previous work,12-14 we did not find
specific differences between the neuropsychologically near-
normal subgroup vs the impaired on white matter volume, and
we did not find significant volumetric differences between the
putatively preserved subgroup and controls in the medial orbital
frontal volumes.12,13 Previous studies12,13 used only memory or
executive function to define their subgroups, which may have
contributed to the different findings. Our present study found
significant differences between putatively preserved and se-
verely deteriorated patients in the lingual gyrus, banks of the su-
perior temporal sulcus, and hippocampal volumes. The supe-
rior temporal sulcus has roles in social cognition and language
processing,27 whereas the lingual gyrus is associated with visual
processing and word recognition.28 Hippocampal and lingual
gyrus volume are significantly reduced in schizophrenia24,29;
however, the present results are the first report, to our knowl-

edge, of a significant volumetric difference between putatively
preserved and deteriorated subgroups.

Limitations
One limitation of our study pertains to the use of a retrospec-
tive premorbid intelligence measure. The WTAR is less accu-
rate as a premorbid IQ estimate for people who have superior
or highly impaired intellect. Some patients in the putatively
preserved subgroup may have deteriorated from relatively high
premorbid IQ levels, but their decline was undetected be-
cause of the inability of the WTAR to accurately assess their
premorbid IQ level. Although antipsychotics may influence
brain volumes in schizophrenia, our series of correlational
analyses among brain regions and chlorpromazine equiva-
lent dose suggested no confounding effect of antipsychotics
on brain volumes. Underrepresentation of the compromised
group may also be a limitation; however, at least 2 other
studies5,9 reported 10% to 15% of patients in the compro-
mised IQ group. Nevertheless, inclusion of a larger compro-
mised group would be informative in future studies.

Conclusions
The present study confirms and extends previous findings
of distinct, intellectually putatively preserved, deteriorated,
and compromised subgroups in schizophrenia in a relatively
large independent sample. These IQ-based subgroups were
differentially associated with the extent of gray matter vol-
ume loss; thus, classifying the cognitive heterogeneity asso-
ciated with schizophrenia can provide a platform to better
characterize the neurobiological underpinnings of the
illness and its treatment.
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