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Neurocognitive impairment in deficit and non-deficit
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Background. Most studies suggested that patients with deficit schizophrenia have more severe impairment compared
with patients with non-deficit schizophrenia. However, it is not clear whether deficit and non-deficit schizophrenia
are associated with differential neurocognitive profiles.

Methods. The aim of this meta-analytic review was to compare cognitive performances of deficit and non-deficit
patients with each other and with healthy controls. In the current meta-analysis, differences in cognitive abilities between
897 deficit and 1636 non-deficit patients with schizophrenia were examined. Cognitive performances of 899 healthy
controls were also compared with 350 patients with deficit and 592 non-deficit schizophrenia.

Results. Both deficit (4 =1.04-1.53) and non-deficit (d = 0.68-1.19) schizophrenia were associated with significant deficits
in all cognitive domains. Deficit patients underperformed non-deficit patients in all cognitive domains (d =0.24-0.84) and
individual tasks (d =0.39-0.93). The relationship between deficit syndrome and impairment in olfaction, social cognition,
verbal fluency, and speed-based cognitive tasks were relatively stronger.

Conclusions. Our findings suggest that there is consistent evidence for a significant relationship between deficit
syndrome and more severe cognitive impairment in schizophrenia.
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Introduction partially related (Dibben et al. 2009; Ventura et al.
2013). Understanding the nature of cognitive and
symptomatic heterogeneity in schizophrenia can be
helpful to identify subgroups of schizophrenia with
different neurobiological and genetic underpinnings.
One potential candidate for a schizophrenia subtype
characterized by severe negative symptoms and pro-
nounced cognitive impairment is deficit schizophrenia.
Carpenter and his colleagues proposed the delineation
of deficit subtype of schizophrenia characterized by
enduring and primary (i.e. not explainable by other
factors such as medication effects, depression, positive
symptoms and anxiety) negative symptoms (Buchanan
et al. 1990; Carpenter ef al. 1998; Kirkpatrick et al. 2001;
Ahmed et al. 2015). A number of studies suggested that
deficit schizophrenia might have distinct pathophysio-
logical correlates (Voineskos et al. 2013; Peralta et al.
2014; Wheeler et al. 2015). Buchanan ef al. (1994) pro-
posed that patients with deficit schizophrenia might
have greater performance impairment in neuropsycho-
logical tasks measuring frontal and parietal lobe func-
tions. In 2007, Cohen et al. conducted the first and only
meta-analysis of cognitive functions in deficit schizo-

Schizophrenia is a major cause of disability.
Schizophrenia is associated with significant functional
impairment and cognitive deficits in most patients
(Green et al. 2000; Mesholam-Gately et al. 2009; Bora
et al. 2010a). However, there is still a considerable
amount of variability of functional impairment and
cognitive deficits in schizophrenia. There might be
subgroups of schizophrenia, which are associated
with more severe neurocognitive impairment com-
pared with others (Lewandowski et al. 2014; Bora,
2016; Bora et al. 2016). In many patients with schizo-
phrenia, cognitive deficits might be less severe and
comparable with neuropsychological findings in affect-
ive psychoses (Lewandowski ef al. 2014; Bora et al.
2016). Some evidence suggests that a subgroup of
schizophrenia with severe cognitive deficits is char-
acterized by pronounced negative symptoms
(Lewandowski et al. 2014; Bora et al. 2016). Negative
symptoms and cognitive deficits in schizophrenia are
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phrenia (Cohen et al. 2007). The meta-analysis of
Cohen et al. (2007) included a limited number of
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studies (n=13) comparing deficit and non-deficit
schizophrenia and was not able to investigate cognitive
differences between healthy controls and two subtypes
of schizophrenia (deficit and non-deficit). The prelim-
inary findings of Cohen et al. (2007) have not sup-
ported the hypothesis of differential fronto-parietal
impairment in deficit schizophrenia and authors
argued that a more extensive and rigorous investiga-
tion of cognitive abilities were necessary to define a
differential pattern of cognitive impairment associated
with deficit schizophrenia (Cohen et al. 2007). On the
other hand, investigating the neurocognitive profile
of non-deficit schizophrenia, which is associated with
more pronounced affective symptoms compared with
deficit schizophrenia, might be important to under-
stand whether the cognitive profile of schizophrenia
without enduring negative symptoms is more similar
to the profile of affective psychoses.

Over the last decade, a number of new studies have
investigated cognitive performances of patients with
deficit and non-deficit schizophrenia. An updated
meta-analysis can explore neurocognitive differences
between deficit and non-deficit schizophrenia in
more detail. Also, no meta-analysis has investigated
neurocognition in deficit and non-deficit schizophrenia
in comparison with healthy controls. Our aim was to
systematically review, using meta-analytic methods,
the available studies investigating cognitive differences
between deficit and non-deficit patients with schizo-
phrenia and healthy controls.

Methods
Study selection

PRISMA guidelines were used in conducting this
meta-analysis (Moher et al. 2009). A literature search
was conducted using the databases Pubmed, Psy-
cINFO, and Scopus to identify the relevant studies
(January 1980-October 2016) using the combination
of keywords as follows: (‘deficit-schizophrenia’” OR
‘non-deficit schizophrenia’” OR ‘deficit syndrome’)
AND (‘cogn* OR ‘neuropsychol*’). Reference lists of
published reports and reviews were also reviewed
for additional studies. Inclusion criteria for the qualita-
tive part of the review were studies that: (1) Examined
cognitive abilities in ‘deficit schizophrenia” and ‘non-
deficit schizophrenia’ and compared these groups
with each other or with a healthy control group; (2)
Deficit status was defined by Schedule for deficit syn-
drome (SDS) or a proxy measure based on other rating
scales (PDS); (3) Reported sufficient data to calculate
the effect size and standard error of the neuropsycho-
logical measure, including results of parametric statis-
tics (i.e. t and F values).
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Statistical analyses

When available, overall cognition measure was used as
a measure of general cognition. In other studies, an
effect size for general cognition was based on the aver-
age of effect sizes of individual cognitive domains. The
same method was also used to calculate effect size of
cognitive domains if more than one cognitive variable
was available for a cognitive domain. Cognitive
domains included in the current review were verbal
memory, visual memory, processing speed, attention,
executive functions, working memory, and verbal
fluency (see eTable S1 in the supplement for cognitive
tests under each domain). In addition to traditional
neuropsychological domains, separate meta-analyses
for social cognition and olfaction were also conducted.
Social cognitive tasks included were measuring label-
ing or discriminating mental states from faces and
eyes. It was also possible to conduct individual task
meta-analyses for several measures, including seman-
tic and letter fluency, trail making test A (TMT A),
trail making B (Trail-making B), Stroop interference,
Wisconsin card sorting test (WCST) perseverative
errors and number of categories achieved, labeling of
facial emotions, discrimination of facial emotions.

Meta-analyses were performed using packages in R
environment (OpenMetaAnalyst, Metafor) (Viechtbauer,
2010; Wallace et al. 2012). Effect sizes were weighted using
the inverse variance method and a random effects model
(DerSimonian-Laird estimate) (p-value for significance
<0.05). Homogeneity of the distribution of weighted
effect sizes was tested with the Q-test. Tau-squared ),
an estimate of between-study variance, was used as a
measure of the magnitude of heterogeneity in the random
effects model. The possibility of publication bias was
assessed with funnel plots and Egger’s test.

For the meta-analysis of deficit v. non-deficit schizo-
phrenia, a number of subgroup analyses were conducted
for gender (matched v. non-matched), age (matched v.
non-matched), positive symptoms (matched v. non-
matched), duration of illness [statistically matched
(longer v. not longer in deficit schizophrenia)], assess-
ment method for deficit syndrome status (SDS v. PDS),
clinical stability (stability was assured v. not assured
by clinicians for all patients). The Q. test was used to
compare subgroups. Meta-regression analyses were con-
ducted for investigating the relationship between cogni-
tive impairment in deficit and non-deficit schizophrenia
compared with controls and gender (ratio of males in
patients), the age of patients, duration and age of
onset of illness, duration of education age (age of
patient group). Meta-regression analyses were only
conducted when a minimum of eight studies reported
required information. Meta-regression analyses per-
formed with a random-effects model using the
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Fig. 1. PRISMA Flow Diagram for meta-analysis of studies investigating the cognitive performances of deficit and non-deficit

schizophrenia.

restricted-information maximum-likelihood method
with a significance level set at p<0.05.

Results

The selection process is summarized in Fig. 1. Seven
studies were excluded as their samples were overlap-
ping with other studies. Six other studies were excluded
as they were using cognitive measures that are not
included in the current meta-analysis. A total of 29 stud-
ies were included in the meta-analysis (Table 1).

Deficit v. non-deficit schizophrenia

28 studies were included in the meta-analysis of deficit
and non-deficit schizophrenia. Four of these reports
were based on overlapping samples with other studies
but reported social cognition and olfaction data not
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reported in other studies. Twenty-four main studies
in this meta-analysis included 897 patients with
deficit and 1636 patients with non-deficit schizophre-
nia. All but five of 28 studies used SDS to assess
deficit syndrome status of the patients. There were
significantly higher percentages of males in deficit
compared with non-deficit schizophrenia (RR 1.13, CI
1.05-1.22, Z=3.4, p<0.001). There was no significant
between-group difference for age (4=0.09, CI —0.04
to 0.21, Z=1.3, p=0.18) and age of onset of illness
(d=0.03, CI —0.08 to 0.14, Z=0.6, p=0.57). The dur-
ation of education was significantly shorter in deficit
compared with non-deficit schizophrenia (4=0.27, CI
0.15-0.40, Z=4.4, p <0.001). Positive symptom severity
was significantly more pronounced in non-deficit com-
pared with deficit schizophrenia (4=0.23, CI 0.08-0.38,
Z=29, p=0.003). As expected, negative symptom
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Table 1. Neurocognitive findings in deficit and non-deficit schizophrenia

Studies Sample Age Clinical state and diagnostic criteria  Cognitive tests Findings
Beck et al. (2013) 22 DS 39.9 Outpatients DSM-IV Global neurocognition Facial emotion PDS No difference in global cognition. DS more
72 DS 39.4 recognition impaired in emotion recognition
Brazoetal (2002) 12DS 375 Outpatients 1Q, WCST, fluency, TMT B-A, Stroop, list SDS DS more impaired than NDS but not from
23 NDS 33.8 23 NDS include learning disorganized patients
35HC 35.0 nine disorganized DSM-IV
Bryson ef al. (2001) 33 DS 40.0 Stable outpatients DSM-IIIR WSCT, WMS, list learning, Digit span, digit ~SDS DS more impaired in EF. No difference for
57NDS 425 symbol memory
—Bryson et al. 19DS 416 Stable outpatients DSM-IIIR Facial emotion recognition SDS DS is impaired compared with NDS
(1998) 50 NDS 42.8
Bucci et al. (2016) 43 DS 35.1 Stable outpatients DSM-IV 1Q SDS No difference
41 NDS 349
Buchanan et al. 18 DS 35.3 Stable outpatients NDS selected WSCT, Stroop, TMT, WMS SDS  Both impaired compared with HC DS more
(1994) 21 NDS 323 DSM-IIIR impaired in Stroop Interference and TMT B
30 HC
Buchanan et al. 20DS  34.0 Stable outpatients DSM-IIIR CPT SDS  CPT more impaired in DS compared with NDS
(1997) 56 NDS 34.8 and HC.
27 HC
Cascella et al. 26 DS 35.1 Clinically stable DSM-IV TMT, CPT, WCST, Fluency, List learning, SDS DS impaired in every cognitive Domain.
(2008) 79NDS 415 visual memory, Brief test of attention Fluency is more impaired in DS compared
316 HC 544 with NDS
Chen et al. (2014) No Inpatients DSM-IV Cogstate battery (processing speed, WM, SDS
difference attention, visual and verbal memory,
problem solving, facial emotion
discrimination)
—Drug naive FE 17 DS Symptomatic DS impaired in all, NDS impaired in all except
32 NDS processing speed. DS is more impaired than
57 HC NDS in total score, processing speed, attention
—Medicated 52 DS Stable DS and NDS impaired in all. No difference
56 NDS between DS and NDS
128 HC
Cohen & Docherty 6 DS Stable DSM-IV TMT, WCST, Digit span, CPT, PDS DS more impaired in TMT B
(2004) 21 HC
Cohen et al. 2007) 20DS  40.8 Stable outpatients DSM-IV Stroop, Fluency, WCST, TMT, Verbal and SDS TMT A, letter cancellation, more impaired in
25 NDS 38.6 visual memory, Letter cancellation, DS compared with NDS

25 HC
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Fervaha et al. (2016)

Galderisi et al.
(2002)

Horan & Blanchard
(2003)

Moberg et al. (2006)

Pegoraro et al.
(2013)

Petka-Wysiecka
et al. (2016)

Réthelyi et al.
(2012)

—Polgar et al.
(2008)

—Csukly et al.
(2014)

Putnam & Harvey
(2000)

Seckinger ef al.
(2004)
—Goudsmit ef al.

(2003)

Strauss et al.
(20104, b)

Tiryaki et al. (2003)

Wang et al. (2008)

144 DS
513
NDS

58 DS
54 NDS
26 HC
15 DS
30 NDS
41 HC
8 DS

13 HC
29 DS
44 NDS
82 DS
72 HC
143 DS
123
NDS
27 DS
45 NDS
30 HC
30 DS
28 NDS
29 HC
25 DS
34 NDS

13 DS
33 NDS
20 DS
56 NDS
69 HC
15 DS
26 NDS
22 HC
19 DS
43 NDS
30 DS
93 NDS
103 HC

41.1
41.3

35.2
34.4

38.6
32.0

34.4
322
40.9
37.6
38.7
36.0

37.9
35.1

36.6
38.9

443
43.8

33.1
32.8
33.1
33.6

38.2
41.6
42.6
42.7

Outpatients DSM-IV

Clinically stable NDS selected
DSM-IV

Inpatients DSM-IV

Mixed outpatients and inpatients
DSM-IV

Stable outpatients DSM-IV

ICD-10

Mixed outpatients and inpatients
DSM-IV

DS v. NDS not used as it overlaps
with Rethelyi DSM-IV

DSM-IV

Chronic unremitting Geriatric
group excluded as potentially
includes dementia cases DSM-IIIR

Inpatients DSM-IIIR

Inpatients DSM-IV

Clinically stable DSM-IV

Clinically stable DSM-IV

Clinically stable DSM-IV

Processing speed, WM, verbal Memory,
reasoning, CPT, Facial emotion
discrimination

IQ, digit span, WSCT, TMT, CPT, Digit
symbol, list learning, visual memory

WMS, WCST, IQ, Facial emotion
discrimination

Smell identification
Digit span, visual memory, TMT, fluency,
global cognition

Smell identification

Digit span, digit symbol, Stroop, TMT,
fluency, WSCT, list learning

WSCT, fluency, TMT

RMET

List learning

IQ, Digit symbol, Digit span

Smell identification

Facial emotion discrimination Smell
identification

TMT, fluency, Stroop, block design

WMS, WCST, 1IQ, visuospatial, TMT

PDS

SDS

SDS

PDS

SDS

SDS

SDS

SDS

SDS

PDS

SDS

SDS

SDS

SDS

SDS

DS poorer than NDS in global and all Cognitive
domains. However, DS is not more impaired
than NDS with PNS except verbal memory

DS more impaired in IQ, processing speed,
verbal and visual memory and some EF

Executive functions are impaired in DS
compared with NDS

Olfaction is impaired in DS compared with
NDS

Visual memory, fluency, digit span forward
more impaired in DS

No difference

DS more impaired than NDS. Cognitive
flexibility impairment more specific

DS more impaired than NDS in Executive
functions

Both DS and NDS impaired. Among females,
DS is more impaired than NDS

DS impaired

No difference

DS significantly more impaired than NDS

Impaired in olfaction and emotion recognition

No difference

Executive functions and IQ more impaired in
DS
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severity was significantly more pronounced in deficit
compared with non-deficit schizophrenia (d=1.59, CI
1.15-2.03, Z=7.1, p<0.001).

Global cognition was significantly impaired in
patients with deficit schizophrenia in comparison
with non-deficit patients with schizophrenia (d=0.47,
CI 0.36-0.58) (Table 2) (Fig. 2). In studies that used
SDS, global cognition was also significantly more
impaired (d=0.49, CI 0.37-0.62, Z=7.7, p<0.001) in
deficit in comparison with non-deficit schizophrenia.
In meta-analyses of individual cognitive domains,
patients with deficit schizophrenia performed signifi-
cantly worse than patients with non-deficit schizophre-
nia in all cognitive domains (d=0.24-0.60). The most
significant differences were found for olfaction
(d=0.84, CI 0.21-1.47), verbal fluency (d=0.60, CI
0.42-0.77) (Fig. 3), and social cognition (d=0.56, CI
0.24-0.88). The distributions of effect sizes were signifi-
cantly but modestly heterogeneous for verbal memory,
executive functions, and processing speed (I* =54-61%,
7=0.05-0.15). The heterogeneity of distribution of
effect sizes was more significant for social cognition
and olfaction [(I*=81-83%, 7*=0.18-0.33)]. Inspection
of funnel plots and Egger’s tests found no evidence
of publication bias for any cognitive measure.

In individual task analyses, patients with deficit
schizophrenia were significantly impaired in all cogni-
tive measures (d=0.39-0.58). The most significant
findings were between-group differences with medium
effect sizes in labeling of facial emotions (d=0.93, CI
0.54-1.31), letter fluency (d=0.58, CI 0.40-0.77), seman-
tic fluency (d=0.54, CI 0.36-0.72), TMT B (d=0.53, CI
0.29-0.76), and symbol coding (4=0.52, CI 0.33-0.71).

The group differences between deficit and non-
deficit schizophrenia were not significantly influenced
by matching status (statistically matched v. non-
matched) for age (d=0.45 v. 0.53, Qpet=0.68, p=0.41),
gender (d=0.48 v. 0.42, Qpet=0.55, p=0.46), positive
symptoms (d=0.59 v. 0.40, Que=1.44, p=0.23), dur-
ation of illness (d=0.46 v. 0.53, Qpe:=0.31, p=0.58),
and duration of education (d=0.43 v. 0.55, Qpe;=0.72,
p=0.40). The effect sizes for the difference between
deficit and non-deficit patients were not significantly
different in studies that did or did not assure the clin-
ical stability of included patients (Qpee=1.02, p=0.31).

Deficit schizophrenia v. healthy controls

Fifteen studies were included in the meta-analysis of
deficit schizophrenia in comparison with healthy con-
trols. Two of these reports were based on overlapping
samples with other studies but reported social cogni-
tion data not reported in other studies. Thirteen main
studies in this meta-analysis included 350 patients
with deficit schizophrenia and 899 healthy controls.
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Studies Estimate (95% C.I.) E
Cohen 2004 -0.540 (-1.422, 0.342) -
Chen 2014med 0.040 (-0.332, 0.412) =
Chen 2014unmed -0.620 (-1.188, -0.052) -
Bryson 2001 -0.450 (-0.862, -0.038) -
Cohen 2007 -0.550 (-1.118, 0.018) -—
Fervaha 2016 -0.390 (-0.566, -0.214) —
Cascella 2008 -0.200 (-0.631, 0.231) =
Tiryaki 2003 -0.240 (-0.769, 0.289) : =
Putnam 2000 -1.100 (-1.590, -0.610) =
Bucci 2016 -0.360 (-0.772, 0.052) —=
Wang 2008 -0.660 (-1.052, -0.268) = ;
Galderisi 2002 -0.410 (-0.763, -0.057) -
Buchanan 1997 -0.630 (-1.120, -0.140) P —
Seckinger 2004 -0.510 (-1.137, 0.117) 0
Beck 2013 -0.260 (-0.730, 0.210) : =
Rethelyi 2012 -0.560 (-0.795, -0.325) S —
Brazo 2002 -0.110 (-0.796, 0.576) =
Buchanan 1994 -0.500 (-1.108, 0.108) -
Yu 2015 -0.900 (-1.292, -0.508) =
Pegoraro 2013 -0.530 (-0.981, -0.079) -
Horan 2003 -0.580 (-1.188, 0.028) -—
Overall (1"2=22.64 % , P=0,171) -0.470 (-0.576, -0.365) -

I T l' 1

1.5 1 05 ] 05
Fig. 2. Forest plot of global cognitive differences between deficit and non-deficit schizophrenia.
Verbal fluency Cohen d (95% €.I.)
Fervaha 2016 -0.350 (-0.526, -0.174) . ——
Rethelyi 2012 -0.530 (-0.765, =-0.295) —
Yu 2015 -0.640 (-1.032, -0.248) -
Cascella 2008 -0.800 (-1.231, -0.369) = :
Pegoraro 2013 -1.110 (-1.541, -0.679) = :
Tiryaki 2003 -0.230 (-0.759, 0.299) : |
Cohen 2007 -0.620 (-1.188, -0.052) =
Buchanan 1994 -0.560 (-1.168, 0.048) -
Brazo 2002 -0.860 (-1.526, -0.194) =
Overall (1*2=46.78 % , P=0,059) -0.597 (-0.775, -0.418) —_

I L} . T

-15 -1 05 ]

Fig. 3. Forest plot of verbal fluency differences between deficit and non-deficit schizophrenia.

All studies used SDS to assess deficit syndrome status
of the patients. There was a significantly a higher per-
centage of males in the deficit schizophrenia group
compared with healthy controls (RR 1.23, CI 1.07-
140, Z=29, p=0.004). Deficit schizophrenia and
healthy control groups were very well matched for
age (d=0, CI —0.32 to 0.32, Z=0.02, p=0.99).

Global cognition was significantly impaired in
patients with deficit schizophrenia in comparison with
healthy controls (d=1.35, CI 1.14-1.56) (Table 3). In
meta-analyses of individual cognitive domains, patients
with deficit schizophrenia performed significantly
worse than healthy controls in all cognitive domains
(d=1.04-1.53). The largest effect size was found for ver-
bal fluency (Fig. 4). The distribution of effect sizes was
significantly heterogeneous for global cognition, social
cognition, visual memory, executive functions, processing

https://doi.org/10.1017/50033291717000952 Published online by Cambridge University Press

speed, and attention (I*=52-95 %, 7*=0.06-0.55).
Inspection of funnel plots and Egger’s tests found no
evidence of publication bias for any cognitive measure.

In individual task analyses, patients with deficit
schizophrenia were significantly impaired in all cogni-
tive tests, including WCST and verbal fluency measures,
Stroop interference, TMT A and B (d=1.19-1.74).
The most significant findings were between-group dif-
ferences in semantic fluency (d=1.74, CI 1.42-2.06).
The distributions of effect sizes were heterogeneous
for WCST, and trail making A (Table 4).

In meta-regression analyses, global cognition and
executive functions were not significantly related to
gender (relative risk for male ratio), duration and age
of onset of illness, and duration of education. Older
age in non-deficit schizophrenia group was associated
with more severe deficits in executive functions (Z=2.6,
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Table 2. Mean weighted effect sizes for differences between patients with DS and NDS on neurocognition

Test Study N DS NDS d 95% CI Z P Q Q) 7 Bias (p) P (%)
Global 21 785 1502 047  037-058 87 <0.001 258 017 0.01 0.64 23
Verbal memory 12 581 1117 034  0.16-051 3.7 <0.001 257 0004 005 0.80 61
Visual memory 10 208 491 027  0.13-042 37 <0001 42 090 0 0.18 0
EF 16 662 1266 039 023055 49 <0.001 328 0.004 005 052 54
TMT B 9 331 501 053  029-0.76 44 <0001 191 001 0.07 085 58
Stroop interference 5 212 235 049 031068 51 <0001 41 040 O 0.30 2
WCSTcat 8 461 972 044 020068 3.6 <0.001 256 <0.001 0.08 0.62 73
WCSTper 10 499 1018 039  021-057 42 <0001 195 002 0.04 0.80 54
Processing speed 14 630 1225 043  026-0.60 5.1 <0.001 31.4 0.003 005 0.85 59
TMT A 8 313 480 044 015074 3.0 0003 244 <0001 0.12 068 71
Symbol coding 5 391 780 052  033-071 54 <0001 74 012 002 091 46
Attention 9 383 888 042 024060 45 <0001 146 007 0.03 0.82 45
Fluency 9 451 923 060  042-0.77 6.6 <0001 150 0.06 0.03 0.11 47
Letter fluency 9 451 923 058  040-0.77 62 <0001 163 004 0.03 0.11 51
Semantic fluency 6 384 833 054 036072 58 <0001 83 014 002 034 40
WM 9 495 933 024  011-037 37 <0001 93 032 001 078 14
Olfaction 4 125 167 084  021-147 26 0009 180 <0.001 033 0.10 83
Social cognition 9 351 864 056 024088 34 <0001 431 <0.001 0.18 026 81
Label 3 78 179 093  054-131 47 <0001 455 011  0.06 55
Discr 5 243 657 036 —0.02-0.73 19 006 161  0.003 0.13 75

DS, deficit schizophrenia; NDS, non-deficit schizophrenia; d, Cohen’s d; CI, confidence interval; TMT, trail making test;
WM, working memory; WCST, Wisconsin card sorting test; EF, executive functions; Discr, discrimination, per, perseverative

errors; cat, number of categories achieved.

p=0.01) and global cognition (Z=2.8, p=0.005), but
not with verbal and visual memory.

Non-deficit schizophrenia v. healthy controls

Fifteen studies were included in the meta-analysis of
non-deficit schizophrenia in comparison with healthy
controls. Two of these reports were based on overlap-
ping samples with other studies but reported social
cognition data not reported in other studies. Thirteen
main studies in this meta-analysis included 592
patients with non-deficit schizophrenia and 899
healthy controls. All studies used SDS to assess non-
deficit syndrome status of the patients. There was a
significantly a higher percentage of males in the non-
deficit schizophrenia group compared with healthy
control group (RR 1.15, CI 1.05-1.25, Z=3.1, p=
0.002). There was no significant difference for age
between non-deficit schizophrenia and healthy con-
trols (d=0.21, CI —0.04 to 0.46, Z=1.6, p=0.11).
Global cognition was significantly impaired in
patients with non-deficit schizophrenia in comparison
with healthy controls (d=0.91, CI 0.75-1.06) (Table 3).
In meta-analyses of individual cognitive domains,
patients with non-deficit schizophrenia performed
significantly worse than healthy controls in all cogni-
tive domains (d=0.68-1.19). The distribution of effect
sizes was significantly heterogeneous for global
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cognition and processing speed (P=50-83 %, =
0.04-0.16). Inspection of funnel plots and Egger’s
tests found no evidence of publication bias for any cog-
nitive measure.

In individual task analyses, patients with non-deficit
schizophrenia were significantly impaired in all cogni-
tive tests, including WCST and verbal fluency
measures, Stroop interference, TMT A and B (d=
0.63-1.00). The distributions of effect sizes were hetero-
geneous for WCST and trail making B tests (I*=45-
64%, 7*=0.04-0.07) (Table 4).

In meta-regression analyses, global cognition and
executive functions were not significantly related to gen-
der (relative risk for male ratio), duration and age of onset
of illness, and duration of education. Older age in non-
deficit schizophrenia group was associated with more
severe deficits in executive functions (Z2=2.3, p=0.02)
but not in global cognition, verbal, and visual memory.

Discussion

The current quantitative systematic review was under-
taken to appraise and synthesize the available evidence
regarding differential neurocognitive profiles of deficit
and non-deficit schizophrenia. The findings of the cur-
rent meta-analysis suggest that both deficit and non-
deficit schizophrenia are associated with widespread
cognitive impairment. The cognitive performances of
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Table 3. Mean weighted effect sizes for differences between patients with DS, NDS, and HC on neurocognitive domains

Test Study N Sch HC d 95% CI Z P Q Q () 7 P (%)
Global

DS 12 335 875 1.35 1.14-1.56 12.5 <0.001 29.3 0.002 0.08 62

NDS 12 566 875 0.91 0.75-1.06 114 <0.001 22.0 0.02 0.04 50
Verbal memory

DS 8 236 726 1.43 1.23-1.63 142 <0.001 11.5 0.12 0.03 39

NDS 8 390 726 1.19 1.03-1.35 14.6 <0.001 11.3 0.12 0.02 38
Visual memory

DS 8 236 726 1.17 0.87-1.47 7.8 <0.001 21.1 <0.001 0.13 72

NDS 8 390 726 0.78 0.66-0.91 12.6 <0.001 6.9 0.43 0 0
EF

DS 10 285 745 1.23 1.02-1.44 11.5 <0.001 18.8 0.03 0.06 52

NDS 10 417 745 1.0 0.85-1.14 13.7 <0.001 121 0.21 0.01 25
Processing speed

DS 6 213 609 1.26 0.68-1.83 43 <0.001 59.6 <0.001 0.46 92

NDS 6 298 609 0.80 0.44-1.16 4.4 <0.001 29.8 <0.001 0.16 83
Attention

DS 7 233 636 1.19 0.80-1.58 6.0 <0.001 34.8 <0.001 0.22 84

NDS 7 354 636 0.68 0.50-0.87 7.2 <0.001 10.9 0.09 0.03 45
Fluency

DS 6 143 493 1.53 1.34-1.71 16.0 <0.001 3.0 0.69 0 0

NDS 6 245 493 0.79 0.64-0.94 10.1 <0.001 4.0 0.55 0 0
WM

DS 3 127 201 1.04 0.65-1.43 5.2 <0.001 5.2 0.07 0.07 61

NDS 3 142 201 1.0 0.71-1.30 6.6 <0.001 3.7 0.16 0.03 46
Social cognition

DS 6 166 260 1.44 0.64-2.24 35 <0.001 100 <0.001 0.55 95

NDS 6 225 260 0.84 0.59-1.09 7.4 <0.001 11.5 0.06 0 57

DS, deficit schizophrenia; NDS, non-deficit schizophrenia; d, Cohen'’s d; CI, confidence interval.

Studies Estimate (95% C.I.) »
Yu 2015 -1.760 (-2.113, -1.407) = :
Cascella 2008 -1.420 (-1.812, -1.028) - ;
Polgar 2008 -1.490 (-1.960, -1.020) = -
Cohen 2007 -1.440 (-1.969, -0.911) & .
Buchanan 1994 -1.260 (-1.809, -0.711) - ‘
Brazo 2002 -1.590 (-2.198, -0.982) = :
Subgroup deficit (1*2=0 % , P=0.634) -1.526 (-1.713, -1.340) S
Yu 2015 -0.760 (-1.113, -0.407) : =
Cascella 2008 -0.580 (-0.815, -0.345) i —
Polgar 2008 -0.7%0 (-1.221, -0.359) ®
Cohen 2007 -0.690 (-1.219, -0.161) : u
Buchanan 1994 -0.690 (-1.219, =0.161) : »
Brazo 2002 -1.120 (-1.610, -0.630) :
Subgroup nondeficit (1*2=0 % , P=0.537) -0.711 (-0.864, -0.558) : =]
Overall {1*2=78.41 % , P=0.000) -1.122 (-1.387, -0.856) —_—
T . T 1
=15 - 0.8

Fig. 4. Forest plot of verbal fluency impairments in deficit and non-deficit schizophrenia compared with healthy controls.

patients with non-deficit schizophrenia were inter-
mediate between the performance of deficit schizo-
phrenia and healthy controls in all cognitive domains.

Current meta-analysis is the first quantitative ana-
lysis of available studies comparing healthy controls
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with deficit and non-deficit schizophrenia. In studies
that have not differentiated deficit syndrome, the cog-
nitive impairment in schizophrenia is characterized by
deficits with large effect sizes in executive functions,
memory, processing speed, attention, working memory,
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Table 4. Mean weighted effect sizes for differences between patients with DS, NDS and HC on individual cognitive tests

Test Study N Sch HC d 95% CI Z P Q Q (p) 7 P (%)
TMT B

DS 5 131 458 1.34 1.08-1.60 10.1 <0.001 6.5 0.16 0.03 39

NDS 5 222 458 0.97 0.68-1.26 6.5 <0.001 11.2 0.02 0.07 64
Stroop interference

DS 3 50 90 1.21 0.86-1.55 6.8 <0.001 2.3 0.32 0.01 13

NDS 3 69 90 0.86 0.46-1.26 42 <0.001 3.5 0.18 0.05 43
Letter fluency

DS 6 143 493 1.42 0.23-1.61 14.7 <0.001 2.1 0.84 0 0

NDS 6 245 493 0.71 0.56-0.86 9.1 <0.001 3.8 0.57 0 0
Semantic fluency

DS 3 78 398 1.74 1.42-2.06 10.6 <0.001 3.3 0.19 0.03 39

NDS 3 154 398 0.98 0.68-1.29 6.4 <0.001 4.6 0.10 0.04 56
WCSTper

DS 7 176 503 1.19 0.85-1.53 6.9 <0.001 19.3 0.004 0.15 69

NDS 7 277 503 0.85 0.63-1.06 7.7 <0.001 10.8 0.008 0.04 45
WCSTcat

DS 4 111 418 1.32 0.95-1.70 6.9 <0.001 7.3 0.06 0.09 59

NDS 4 186 418 0.98 0.66-1.29 6.1 <0.001 7.6 0.06 0.06 61
TMT A

DS 3 86 398 1.37 0.70-2.04 4.0 <0.001 15.6 <0.001 0.31 87

NDS 3 156 398 1.0 0.82-1.18 10.7 <0.001 0.6 0.74 0 0

DS, deficit schizophrenia; NDS, non-deficit schizophrenia; Sch, schizophrenia; d, Cohen’s d; CI, confidence interval.

and verbal fluency (Mesholam-Gately et al. 2009; Bora
et al. 2010a; Bora, 2015). Current findings suggest that
severity of cognitive deficits are even larger for
deficit schizophrenia. One of the cognitive domains,
which was relatively more severely affected, was ver-
bal fluency, including semantic fluency (d=1.74) and
letter fluency (d=1.42). This is not surprising as alogia
is a characteristic feature of patients presenting with per-
sistent negative symptoms of schizophrenia. Social cog-
nition was also relatively severely affected in deficit
schizophrenia. This finding is compatible with the rela-
tively strong relationship between negative symptoms
and social cognition in schizophrenia (Briine, 2005;
Bora, 2009). Our meta-analysis of cognitive perfor-
mances of deficit in comparison with non-deficit schizo-
phrenia patients extended findings of Cohen et al. (2007).
The patients with deficit schizophrenia were more
impaired in all cognitive domains compared with non-
deficit schizophrenia. These findings supported the
notion of global cognitive differences between deficit
and non-deficit schizophrenia. However, it is important
to note that there was some evidence of differential cog-
nitive profile of deficit syndrome. The performances of
deficit and non-deficit patients with schizophrenia
were relatively similar in working memory, visual and
verbal memory, and accuracy-based executive functions.
On the other hand, effect sizes for differences between
deficit and non-deficit schizophrenia in olfaction,
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labeling of facial emotions, verbal fluency, speed-based
measures of executive functions, and processing speed
were relatively larger (d=0.43-93). More pronounced
abnormalities in orbitofrontal and limbic cortices in
deficit syndrome can explain relatively pronounced
deficits in olfaction and social cognition in deficit schizo-
phrenia in comparison with non-deficit schizophrenia
(Kanahara et al. 2013; Good & Sullivan, 2015).

The patients with non-deficit schizophrenia also sign-
ificantly underperformed healthy controls. However,
effect sizes of observed deficits were relatively smaller
compared with findings in deficit schizophrenia. For
some cognitive domains (verbal fluency, processing
speed, visual memory, visuospatial processing, and sus-
tained attention), effect sizes found for non-deficit
schizophrenia indicated medium (4=0.5-0.8) rather
than large deficits (d>0.8). The magnitude of deficits
in these domains was only slightly larger than findings
in psychotic mood disorders and might be comparable
with schizoaffective disorder (Bora et al. 2009, 20100).
It is also interesting to note that affective symptoms
are more common in patients with non-deficit com-
pared with deficit schizophrenia (Kirkpatrick et al.
1994) and schizophrenia without persistent negative
symptoms and affective psychoses might be associated
with shared genetic risk factors (Craddock & Owen,
2010). In contrast, schizophrenia patients with persistent
negative symptoms and severe cognitive impairment


https://doi.org/10.1017/S0033291717000952

Neurocognitive impairment in deficit and non-deficit schizophrenia 2411

might be associated with separate genetic risk factors
(Hallmayer et al. 2005; Bakker et al. 2007; Holliday
et al. 2009). However, studies directly comparing cogni-
tive profile of non-deficit schizophrenia with schizo-
affective disorder and affective psychoses are lacking.
Such studies are necessary to have a conclusive answer
regarding similarity and potential differences between
these syndromes. Also, it is important to note that non-
deficit schizophrenia is a heterogeneous concept. Some
patients with non-deficit schizophrenia have persistent
negative symptoms, which were not considered as pri-
mary. Three studies have compared cognitive perfor-
mances of deficit schizophrenia and other patients with
persistent negative symptoms, and found less severe or
no differences between groups (Brazo et al. 2005;
Dantas et al. 2011; Fervaha et al. 2016). Similarly, a single
study which differentiated non-deficit patients with dis-
organization symptoms from other non-deficit patients
found cognitive deficits comparable with deficit schizo-
phrenia in the former group (Brazo et al. 2005). These
findings suggest that non-deficit schizophrenia patients
without persistent negative and disorganization symp-
toms might have less severe cognitive deficits and can
be better differentiated from deficit schizophrenia.
Current meta-analysis had the advantage of includ-
ing neuropsychological data (i.e. including social cog-
nition) in a large number of patients and originally
included patient—control comparisons. The current
meta-analysis suggests that neuropsychological studies
support the validity of delineation of deficit v. non-
deficit schizophrenia. However, it is important to con-
sider the potential role of confounders, which can
influence the differences between deficit and non-
deficit patients with schizophrenia. Extrapyramidal
symptoms and antipsychotics are among these factors
and unfortunately, the vast majority of available stud-
ies have not reported between-group differences for
extrapyramidal symptoms. Psychomotor side effects
of antipsychotics might potentially affect speed-based
deficits in schizophrenia. Some of the studies reported
mean dose of antipsychotic and found no between-
group differences. However, more detailed investiga-
tion of the effects of antipsychotics on differences
between deficit and non-deficit schizophrenia are
necessary. Stage of the illness is another consideration.
Only a few available studies investigated cognitive
functions in first-episode schizophrenia patients with
persistent negative symptoms (Chen et al. 2014;
Chang et al. 2016). Also, the role of general intellectual
abilities in group differences in social cognition, olfac-
tion, and verbal fluency between deficit and non-
deficit schizophrenia should be further investigated.
The current systematic review has a number of limita-
tions. Some cognitive domains were investigated by a
smaller number of studies. The heterogeneity of
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cognitive tasks used to assess cognitive domains is
another consideration. Also, current review, like all
meta-analyses, is limited with the quality of individual
studies. For example, no relevant data to investigate
the effect of potential confounders (i.e. medications, illicit
substance and alcohol use, smoking) on cognitive defic-
its in deficit and non-deficit schizophrenia were reported
in many studies. Also, meta-regression analyses of con-
founding variables might be underpowered as they use
study-level rather the individual-level variables. Another
consideration is the lack of sufficient studies that investi-
gate the effect of clinical heterogeneity on cognitive defic-
its in non-deficit schizophrenia. The relationship between
persistent negative and disorganized symptoms and neu-
rocognition should be further investigated. Finally, no
sufficient evidence is available regarding clinical implica-
tions of cognitive differences between deficit and non-
deficit schizophrenia. For example, it is important to
investigate the effect of deficit/non-deficit dichotomy on
the outcome of cognitive remediation studies.

In conclusion, our findings suggest that there is con-
sistent evidence for a significant relationship between
deficit syndrome and more severe global cognitive
impairment in schizophrenia. Severe deficits in social
cognition, olfaction, verbal fluency, and other speed-
based cognitive tasks might be relatively more strongly
associated with deficit syndrome.
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