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Abstract

included: patients vs. normal subjects.

information offered by the single studies.

managed in designing future studies.

Background: This is an update of a previous meta-analysis published in 2005.

Methods: It includes the data published up to march 2010 for a total of 247 papers and 18,300 cases. Cognitive
deficits are examined in 5 different domains: Memory functioning (128 studies), Global cognitive functioning (131
studies), Language (70 studies), Executive function (67 studies), Attention (76 studies). Only controlled studies were

Results: Results evidence that in all domains and in all different analyses performed within each domain, patients
show a significant reduction of cognitive efficiency with respect to normal subjects. The between studies
heterogeneity is very high in almost all domains. There are various sources of this heterogeneity (age, sex, sample
size, type of patients, and type of measurement) which contribute to the high degree of not-overlapping

Conclusions: Our results, based on the current scientific evidence, confirm the previous findings that there is a
generalized impairment of various cognitive functions in patients with schizophrenia when compared to normal
cases. The modalities with which these results are obtained have not changed over the years and the more recent
studies do not modify the high heterogeneity previously found between the studies. This reduces the
methodological quality of the results. In order to improve the methodological quality of the studies performed in
the field of cognitive deficits of patients with schizophrenia, various factors should be taken into account and better
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Background

There is a vast scientific evidence, accumulated in sev-
eral years of research, that the cognitive functioning of
patients with schizophrenia is characterized by deficits
[1]. An early hypothesis was that these cognitive deficits
might have a progression over time and depend on the
length of disease [2].

More recent evidence indicates that the severity of
cognitive deficits of patients with schizophrenia is
related to age of onset (deficits of patients with early
onset are more severe than those of patients with a late
onset) while, the subsequent length of disease does not
add further deterioration to the deficits already present
at the early stages [3,4].
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Many other studies have made a link between the
functional disability of these patients and their cognitive
impairment [5] but, at the same time, they have put in
evidence the heterogeneous distribution of cognitive de-
terioration in this population of patients [6].

As a whole, the scientific production concerning the
cognitive problems linked to schizophrenia is very large
and prolonged across many decades. Our search, per-
formed 5 years ago on this topic, found 1,275 papers
published up to that time on schizophrenia and cogni-
tive deficits [7] and even more papers were published in
the following 5 years.

There are many problematic hypotheses and uncer-
tainties about the meaning and the origins of the cogni-
tive problems associated with schizophrenia, and these
are still waiting for an answer despite the high and still
growing trend of the scientific production in this area. It
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is unclear if there are specific cognitive problems due to
schizophrenia or if they may be linked to intervening
and concomitant factors during the chronic develop-
ment of the disease. These factors could be age, differ-
ences between clinical forms, concomitant treatments,
or severity and length of disease [4].

A common conclusion offered by the different studies
concerning the various aspects of schizophrenia and
cognitive deficits, is the presence of high heterogeneity
of results. Partially, this heterogeneity is due to meth-
odological problems such as the relative small number
of cases of most of the studies, the often unclear
characterization of patients and their clinical history,
and the systematic unbalance between the number of
patients and that of the control groups [7].

Another component of heterogeneity is due to the clinical
diversity of patients included in the different studies where
groups are composed of inpatients in some instances and
of outpatients in other instances, while the majority of
studies present results obtained from an unspecified mix-
ture of both types of patients. In some other studies groups
of patients with different length of disease or with different
types of therapies are indiscriminately put together.

The third component of heterogeneity is the statistical
heterogeneity which includes the chance component of
variance plus the other components due to possible spe-
cific sources. This part of heterogeneity should be the
one which with appropriate procedures could be
explored, but this possibility will be real only after the
offsetting of the obscuring interference of the methodo-
logical and clinical heterogeneity.

The previous meta-analysis that we performed in 2005
was based on distinct cognitive areas of which deficits were
analyzed in separate tables: memory deficits, IQ deterior-
ation, language deficits, executive functioning deficits, and
attention deficits. The presence of a cognitive impairment
was found in all cognitive areas, but it was not possible to
overcome the prevalent component of the methodological
and clinical heterogeneity which emerged from the results.

The present work is an update, after five years, of the
previous meta-analysis and incorporates all the data pro-
duced after the previous review up to March 2010. The
more recent data-sources were identified with the same
criteria used in the previous systematic review.

This meta-analysis principally aims to evaluate the pres-
ence of cognitive differences between patients with schizo-
phrenia and normal cases. No specific cognitive area is
addressed or excluded and those described in this meta-
analysis are empirically defined according to the prevalent
themes of the current scientific literature. The secondary
aim in updating the previous work was to control for the
stability of results in comparison to the results obtained in
the previous meta-analysis and the methodological quality
of the studies.
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Methods

In order to perform the update of the previous review
the following databases were searched, PubMed, Psy-
cInfo, PsycArticles by these keywords: ‘cognitive deficit*’
AND ‘schizophrenia patients’; ‘controlled study’. Only
data obtained by human subjects and identifiable until
March 2010 were included. No restrictive language se-
lection criteria were applied.

A total of 1,219 works were identified including 700
papers from PubMed, and 654 from PsychInfo and Psy-
cArticles. The 135 papers found from multiple sources
were considered only once.

All papers examined for inclusion concerned controlled
studies with human subjects where patients with schizo-
phrenia were compared to normal subjects in terms of cog-
nitive functioning. The decision for inclusion was taken by
consensus between two of the authors. In case of disagree-
ment, a third author was called in to give his judgment.

After this search, 270 papers were eligible to be added
to the 117 already included to the previous systematic
review (see Figure 1).

Some of the excluded studies were found lacking of
results expressed in numerical form and their data could
not be retrieved even when the authors were contacted
for this reason (a curious example of this lack of numer-
ical data is constituted by several papers published by the
same Journal of which the editorial guidelines required by
the authors to avoid to put numerical tables in their
papers); other papers were excluded because they did not
conform to the inclusion criteria for this meta-analysis. In
particular, we excluded all the studies where the inclusion
of patients was done by selecting the cases on the basis of
a specific stratification by IQ level.

In the following phase, consisting of the data extraction,
more papers were excluded from the 270 already found
compliant with the inclusion criteria, when they were found
part of a series of partial data publications all concerned
with the same study. In these cases, in order to avoid an
unsuitable redundancy of the data included, we accepted
only the data which were found in the most recent of the
publications or which indicated the largest number of cases
among the other papers of the same series.

In conclusion of the data extraction process, 123 new
papers were added to the 117 ones already present in the
previous systematic review for a total of 240 papers. Each
study may have offered data to one (111 papers) or more
than one (129 papers) domains examined in the review.

The analysis of data is articulated on different cogni-
tive domains. This organization is maintained the same
as in the previous meta-analysis, since it still represents
the most inclusive way of ordering the different types of
measurement prevalently used in this field. As a con-
firmation of this, we have found a still growing number
of papers which were carried out in the last years with
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Figure 1 Flow chart of studies.

modalities of cognitive assessment compatible with this
organization of cognitive domains.

The distribution of the included papers in the various
tables concerning the areas of cognitive functioning is:

performed with inpatients (see Additional file 1: Table
S1 and Figure 3).

Measures of Memory Functioning (outpatients only) (16
studies). This analysis includes only those studies from
the Additional file 1: Table S1 which were specified to be

1. Memory functioning (128 studies),

2. Global cognitive functioning (131 studies),
3. Language (70 studies),

4. Executive function (67 studies),

5. Attention (76 studies).

The different areas of cognitive functioning are articu-
lated in different analyses as follows (see Table 1):

Memory Functioning

Measures of Memory Efficiency (47 studies). This
analysis includes all data from papers where there
wasn’t a more specific distinction between types of
memory characteristic to be examined (see Additional
file 1: Table S1 and Figure 2).

Measures of Memory Functioning (inpatients only) (17
studies). This analysis includes only those studies from
Additional file 1: Table S1 which were specified to be

performed with outpatients (see Additional file 1: Table
S1 and Figure 4).

Digit Span (31 studies). This analysis includes only those
studies which were performed by the Digit Span as a
measure of immediate memory (see Additional file 1:
Table S1 and Figure 5).

LTM (45 studies). This analysis includes only those
studies which were specified to be performed with
measures of long term memory (see Additional file 1:
Table S1 and Figure 6).

STM (56 studies). This analysis includes only those
studies which were specified to be performed with
measures of short term memory (see Additional file 1:
Table S1 and Figure 7).

Global cognitive functioning
Measures of IQ (102 studies). This analysis includes

only those studies which were specified to be
performed with measures of IQ or with measures
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Table 1 Distribution of the included studies in the different cognitive domains

Measures of Memory Efficiency

Digit Span

Altshuler (2004)P; Baldeweg (2004); Bora (2008)°; Braff (1991)°; Braw
(2005)%®; Brebion (2001) 2 Broerse (2001); Buckley (1994); Cadenhead
(1999); Cantor-Graae (1995); Cavézian (2007); Clare (1993); Crespo-

Facorro (1999)% Egan (2001)°; Frith (1991); Goldberg (1990); Gras-Vincendon

(1994); Hartman (2003)%; Henry (2007)°: Hill (2004)% Hoff (1998); Holthausen
(2003)%; Joyce (2002)P; Katz (2007); Kiefer (2002)% Kopelowicz (2005)*°;
Kravariti (2003)%; Lanser (2002)%; Michel (1998); Minzenberg (2003)°;
Mulholland (2008)% Nestor (1998)% Neufeld (1995)°%; Niekawa (2007); Park S
(1995)P; Perlstein (2001)°; Rodriguez-Sanchez (2007); Roesch-Ely (2009)%;
Ross (2000)®; Silver (2003); Soriano (2009)°; Stone (1998)7; Stratta (1999 a)*;
Tek (2002)®; Van Erp (2008); Weiss (2002)°; Woonings (2002)°.

STM

Achim (2007); Arango (1999); Barch (2008); Barrantes-Vidal (2007); Birkett
(2006); Brebion (2004); Brissos (2008); Cellard (2010); Chey (2002); Cosman
(2009); Danion (2001); Dickinson (2004); Dragovic (2005); Fucetola (2000);
Goldberg (1998); Gonzalez-Blanch (2008); Gooding (2002); Gras-Vincendon
(1994); Gur (2001); Harvey (1990); Hazlett (2000); Hill (2004b); Hoff (1992);
Hoff (1998); Hoff (2005); Huddy (2009); Huges (2002); Keefe (2004); Kerns
(2007); Kiang (2007); Kim (2003); Kopelowicz (2005); Landro (1993); Leeson
(2005); Leonard (2008); MacDonald (2003); Manning (2009); Midorikawa
(2008); Muller (2004); Nestor (1998); Ohrmann (2008); Palmer (2010); Pino
(2008); Riley (2000); Schuepbach (2004); Seidman (2003); Skelley (2008);
Snyder (2008); Tendolkar (2002); Van Den Bosch (1992); Verdoux (1995);
Wang (2008); Weickert (2000); Wexler (1998); Wilk (2002); Wood (2006).

Premorbid IQ

Altshuler (2004); Baas (2008); Badcock (2005); Badcock (2008); Baldeweg
(2004); Birkett (2006); Brebion (2004); D' Argembeau (2008); Doughty
(2008) % Egan (2001)%; Elvevag (2000)?; Elvevag (2000b)?; Elvevag (2001)%
Elvevag (2003); Frith (1991); Goldberg (1998); Henry (2007) P Hill (2004);
Hoff (1992); Horan (2009); Huddy (2009); Hughes (2002)°: Joyce (2002);
Kiehl (2005) ®: Kircher (2001); Kuperberg (1998); Leeson (2009); Majoreck
(2009); Manning (2009) % Menzies (2007); Moritz (2005); Moritz (2008);
Phillips (2000); Roesch-Ely (2009); Roiser (2009); Rossell (1999); Rossell
(2008); Schmand (1992); Smith (1998); Snyeder (2008); Stirling (2001)%;
Stirling (2006); Sullivan (1994)% Sullivan (2004); Surguladze (2002); Tsoi
(2008); Waters (2006); Wood (2006).

Language

Alptekin (2005); Altshuler (2004); Al-Uzri (2004); Arango (1999)°; Baldeweg
(2004); Barrantes-Vidal (2007); Bora (2008); Braff (1991)°; Brazo (2005);
Brissos (2008); Broerse (2001); Burbridge (2007); Cantor-Graae (1995);
Chino (2006); Cuesta (2007); D" Argembeau (2008); Danion (2001); Deep
(2007); Docherty (1996); Docherty (1999); Dragovic (2005); Earle Boyer
(1991); Egan (2001)°: Frith (1991); Giovannetti (2003)% Glahn (2000);
Goldberg (1990); Goldberg (1998)%; Green (1985); Gur (2001); Harvey
(1990); Haskins (1995); Heinrichs (2008); Hoff (2005); Hoff (1992);
Hoffmann (1999); Keefe (2004); Kiefer (2002)%; Kim (2003); Kopelowicz
(2005); Kosmidis (2005); Kuperberg (1998); Leeson (2005); Leonard (2008);
Manning (2009); Matsui (2008); Menzies (2007); Miller (1995); Minzenberger
(2003); Mirsky (1995); Morice (1990); Muller (2004); Myles-Worsley (1991);
Ojeda (2002)% Paulsen (1994); Pino (2008); Riley (2000); Rossell (1999);
Rossell (2008); Sarfati (1999); Stirling (2006); Stone (1998)%; Szoke (2009);
Tendolkar (2002); Van Beilen (2004); Verdoux (1995); Vinogradov (2002)°:
Wang (2008); Weickert (2000); Wilk (2002).

Attention

Achim (2007); Altshuler (2004) ®; Babin (2007) % Barch (2003); Bertrand
(2007); Besche (1997)% Birkett (2006); Birkett (2007); Braw (2008) & °;
Brazo (2002)°: Brazo (2005) ®: Brisson (2008); Broerse (2001); Cantor-
Graae (1995); Carter (1992)®; Chey (2002); Cuesta (2007); Deep (2007) °;
Dragovic (2005) % Elvevag (2000b); Fucetola (study 1) (1999); Fucetola
(study 2) (1999); Fucetola (2000) b. Giovannetti (2003)* Glahn (2000);
Goldberg (1990); Gooding (2002)°: Grillon C (1990); Grillon ML (2010);

Achim (2007); Alptekin (2005); Baldeweg (2004); Bertrand (2007);
Birkett (2006); Brébion (2001)? Brissos (2008); Buckley (1994);
Burbridge (2007); Cohen (1999); Conklin (2002); Deep (2007);
Fucetola (2000); Javitt (1997); Kiefer (2002)% Kircker (2001);

Kurachi (1994); Leonard (2008); Matsui (2008); Minzenberg (2003)°;
Papageorgiou (2003); Rodriguez-Sanchez (2007); Roiser (2009);
Schuepbach (2004); Silver (2003); Stirling (2006); Stone (1998)%;
Thomas (1996); Waters (2006); Weiler (2009); Wood (2006).

LT™M

Barrantes-Vidal (2007); Birkett (2006); Brazo (2002); Buckley (1994);
Conklin (2002); Davidson (1996); Deep (2007); Dickinson (2004);
Dragovic (2005); Evans (2003); Fucetola (2000); Gonzalez-Blanch
(2008); Green (1985); Gur (2001); Harvey (1988); Harvey (2000);
Heinrichs (2008); Hill (2004b); Hoff (2005); Huges (2002); Kerns
(2007); Kiang (2007); Kim (2003); Kravariti (2003); Leeson (2005);
Leonard (2008); MacDonald (2003); Manning (2009); Menzies (2007);
Michel (1998); Midorikawa (2008); Muller (2004); Nestor (1998);
Ohrmann (2008); Pino (2008); Riley (2000); Schmand (1992);
Schuepbach (2004); Seidman (2003); Skelley (2008); Tendolkar (2002);
Van Beilen (2004); Wang (2008); Wilk (2002); Wood (2006).

Global Cognitive Functioning

Achim (2007); Aloia (1998) % Baas (2008); Badcock (2005); Badcock
(2008); Barch (2008) °; Barrantes-Vidal (2007) ®; Bell (2009); Bertrand
(2007); Besche (1997)% Bora (2008) ®; Braff (1991)°; Brazo (2002)°;

Brazo (2005) ®: Brisson (2008); Burbridge (2007) b Cadenhead (1999);
Cellard (2007)7 ®; Cellard (2010); Chen (2008) °; Conklin (2002) °;

Conklin (2005); Cuesta (2007); Danion (2001)°; Deep (2007) ®; Dickinson
(2004) ®; Doughty (2008) ; Edell (1987) & Egan (2001)°; Elvevag (2000)%;
Elvevag (2000b)%; Elvevag (2001)%; Elvevag (2003); Frith (1991);

Fucetola (2000) % Giovannetti (2003)%: Glahn (2000): Gold (2000) °:
Goldberg (1990); Goldstein (1998)°; Gooding (2002)°; Granholm (1991) ®;
Granholm (1999); Gras-Vincendon (1994); Grillon ML (2010); Heaton
(1994); Heinrichs (2008) b; Henquet (2005) % Henry (2007) b; Hoff (1992);
Hoff (1998); Hoff (2005); Huddy (2009); Hughes (2002)b; Javitt (1995);
Javitt (1997) & Keefe (2004); Kiehl (2005) ®; Krabbendam (2000):

Kravariti (2003)® °; Kurachi (1994); Langdon (2002); Lanser (2002)%;
Leeson (2009); Leitman (2006); Leonard (2008): Luck (2008) ®: Macdonald
(2003); Manning (2009) ¢ Martin (2008); McNealy (2003) 5 Michel

(1998) °: Midorikawa (2008); Minzenberg (2003) 5 Morice (1990);
Morrison-Stewart (1991); Mulholland (2008) % Nestor (2008); Neufeld
(1978) % O’ Carroll (1999); Ohrmann (2008)% Okada (2002)% Park IH
(2008)°; Penn (1993)* Perry (Study 1) (2001)% Perry (Study 3) (2001);
Premkumar (2008)°; Rodriguez-Sanchez (2007); Ross (2000)°: Rund
(2004)7; Sayers (1995)% Schreiber (1995); Seidman (2003); Silver (2003);
Skelley (2008); Stirling (2001)%; Stirling (2006); Sullivan (1994); Vinogradov
(2002)°; Wang (2008)%; Weikert (2000); Zuffante (2001).

Executive Function

Altshuler (2004); Arango C. (1999)®; Bertrand (2007); Bersche-Richard
(1999); Braff (1991)°; Brankovic (1999); Braw (2008); Brazo (2002)";

Brazo (2005); Cadenhead (1999); Cantor-Graae (1995); Cavezian (2007);
Corrigan (1991); Egan (2001)°: Fucetola (2000); Glahn (2000); Gold (2000);
Goldberg (1990); Goldberg (1998)%; Gooding (2002)®; Gur (2001); Henry
(2007) ®; Hill (2004); Hoff (1992); Hoff (1998); Hoff (2005); Hughes (2002)°;
Keefe (2004); Kesserl (2007); Kiang (2007); Kim (2003); Kopelowicz (2005);
Lanser (2002)%; Lee (2007); Leeson (2009); Manning (2009) % Michel
(1998); Midorikawa (2008); Minzenberg (2003); Mirsky (1995); Morice
(1990); Moritz (2008); Nestor (2008); Ohrmann (2008); Ojeda (2002)%
Parellada (1994); Paulsen (1994); Perlstein (1998)7; Perry (Study 3) (2001);
Perry (Study 4) (2001); Rief (1991); Riley (2000); Saoud (2000); Sarfati
(1999); Schwartz (1991); Shelley (1996); Silver (2003); Smith (1998); Stirling
(2006); Stratta (2001); Torres (2007); Verdoux (1995); Wang (2008);
Weickert (2000); Woonings (2002)% Yogev (2004).



Fioravanti et al. BMC Psychiatry 2012, 12:64 Page 5 of 20
http://www.biomedcentral.com/1471-244X/12/64

Table 1 Distribution of the included studies in the different cognitive domains (Continued)

Gur (2001); Hartman (2003)% Hirt (1991)% Hoff (1992); Hoff (1998);
Holthausen (2003) % Hughes (2002)°: Javitt (1995); Karch (2009);

Kerns (2007); Kim (2003); Kim (2004) ®; Kurachi (1994)°; Laplante (1992)%;
Luck (2008)°; MacDonald (2003); Mathews (2004) °; McNealy (2003) ®;
Mirsky (1995); Moritz (2001)%; Muller (2004) ©; Ober (1995)°; Ojeda (2002)%
Park S (1995)° Penn (1993)% Perlstein (1998)% Perlstein (2001)°; Perry
(Study 4) (2001)%; Rabinowicz (1996); Riley (2000); Roesch-Ely (2009)
Roiser (2009): Schreiber (1995); Sereno (1996); Smid (2009); Smith (1998) °:
Stirling (2001)%; Stirling (2006); Stratta (1999)%; Strik (1993); Surguladze
(2002); Symond (2002) ®; Tek (2002)°; Ueno (2004); Van Den Bosh (1992);
Vinogradov (2002)°; Weiss (1992)% Zuffante (2001).

2 : studies with cases as inpatients; ® : studies with cases as outpatients.

Schizophrenia group Healthy individuals Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.1 Measures of Memory Efficiency
Goldherg 1990 81.4 16.3 16 1127 168 7 16% -1.83[2.90,-0.77] 1990 —
Braff 1991 6.33 1.86 40 8.03 1.23 40 2.3% -1.07 [-1.54,-0.60] 1991 e
Frith 1991 2.05 1 283 207 075 35 25% -0.02 [-0.37,0.33] 1991 b
Clare 1993 39.8 7.6 12 457 46 12 1.9% -0.91 [-1.75,-0.06] 1993 =
Gras-Vincendon 1994 95.9 8.9 24 1097 7.8 24 21% -1.62[-2.28,-0.96] 1994 e
Buckley 1994 84.1 208 27 112 142 200 21% -1.50[-2.16,-0.84] 1994 ==
Neufeld 1995 10.67 212 15 13.44 25 16  2.0% -1.16 [-1.93,-0.39] 1995 —
Park 51995 71.4 16 18 95.2 48 18 1.9% -1.97 [2.78,-1.16] 1995 =
Cantor-Graae 1995 21.4 59 14 281 25 14 1.9% -1.44 [-2.28,-0.59] 1995 m——
Michel 1998 8596 16.47 26 1006 127 26 2.2% -0.98 [-1.56,-0.40] 1998 -
Nestor 1998 37 135 18 47 157 21 2.1% -0.67 [1.31,-0.02] 1998 -
Stone 1998 7755 1342 18 87.5 818 15 2.0% -0.85[1.57,-0.14] 1998 =
Hoff 1998 11.24 4.7 132 16.95 35 74 25% -1.32[-1.63,-1.01] 1998 e
Stratta 1999 84.75 1255 25 9833 233 25 22% -1.48[2.11,-0.85] 1999 -
Cadenhead 1999 456 6.2 20 48.6 1.7 200 21% -0.65[-1.28,-0.01] 1999 =
Crespo-Facorro 1999 5.4 19 14 6.6 1.5 13 2.0% -0.68[-1.46,0.10] 1999 =
Ross 2000 729 54 10 85.1 57 10  1.5% -2.16[3.31,-1.01] 2000 e
Perlstein 2001 312 0.83 17 332 036 16  21% -0.30[-0.99,0.39] 2001 -T
Bréhion 2001 147 7.3 50 256 7.8 40 2.4% -1.44 [-1.90,-0.97] 2001 -
Broerse 2001 31.47 4.35 24 3298 2.2 20 2.2% -0.42[-1.02,0.18] 2001 =]
Egan 2001 31.8 19.2 120 54.6 10 43 24% -1.31 [-1.69,-0.94] 2001 -
Lanser 2002 19.02 3.87 39 2344 3.2 368 23% -1.23[-1.72,-0.73] 2002 =
Kiefer 2002 4.42 1.06 24 492 118 24 2.2% -0.44 [-1.01,0.13] 2002 =
Tek 2002 76.2 1.1 30 86.1 1.3 20 09% -8.24[-10.01,-6.46] 2002 —
Woonings 2002 36.5 107 44 472 104 79 24% -1.01 [-1.40,-0.62] 2002 b
Weiss AP. 2002 0.45 0.23 40 0.61 019 32 2.3% -0.74 [-1.22,-0.26] 2002 =
Hartman 2002 10.6 19 16 11.6 09 16 2.0% -0.66 [-1.37,0.06] 2002 ==
Joyce 2002 5.62 1.37 136 6.58 1.3 81 2.5% -0.71 [-0.99,-0.43] 2002 he
Minzenberg 2003 -1.25 1.29 57 036 085 20 2.3% -1.33[-1.89,-0.78] 2003 -
Kravariti 2003 82.8 207 18 1085 8.1 17 2.0% -1.58[-2.35,-0.81] 2003 -
Silver 2003 533 3.37 27 6.25 1.69 38 23% -0.36 [-0.86,0.14] 2003 =
Holthausen 2003 4569 9.21 118 5638 852 45 25% -1.18[-1.55,-0.81] 2003 -
Baldeweg 2004 18.3 5.7 28 229 1.6 20 2.2% -1.01 [-1.62,-0.40] 2004 s
Altshuler, 2004 36.6 108 20 509 6.2 22 21% -1.61 [-2.32,-0.91] 2004 =
Hill 2004 -0.73 197 86 -0.01 085 81 2.5% -0.70[-1.01,-0.38] 2004 =
Kopelowicz 2005 46 ] 28 43.2 9 26 2.3% 0.31 [-0.23,0.84] 2005 -
Katz 2007 7 213 3 9.48 266 29 2.3% -1.02 [-1.56,-0.48] 2007 =
Rodriguez-Sanchez 2007 -0.76 1 124 0 049 28 2.4% -0.77 [-1.19,-0.35] 2007 o
Niekawa 2007 7.76 2.37 25 995 0.21 22 22% -1.24 [-1.87,-0.61] 2007 -
Henry 2007 41 1018 30 515 6.78 29 22% -1.19[1.75,-0.64] 2007 =
Cavézian 2007 0.3 0.48 10 1.2 092 10 1.7% -1.17[2.14,-0.21] 2007 =
Mulholland 2008 18 2.36 30 233 0.1 15  1.9% -2.69[-3.53,-1.84] 2008 i
van Erp 2008 68.68 104 35 76.68 7.36 35 23% -0.88 [-1.37,-0.39] 2008 -
Bora 2008 301 43 30 36.3 41 30 2.2% -1.46[-2.03,-0.88] 2008 =
Braw 2008 77.53 1.64 37 865 1.29 44 1.6% -6.09[-7.14,-5.03] 2008 =
Roesch-Ely 2009 6.4 2.08 50 702 159 40 24% -0.33[-0.75,0.09] 2009 =]
Soriano 2008 45.33 3.67 30 58.05 474 18 1.9% -3.05[-3.92,-2.19] 2009 -
Subtotal (95% CI) 2066 1366 100.0% -1.22[-1.44, -1.01] ]
Heterogeneity: Tau®= 0.46; Chi*= 326.64, df= 46 (P < 0.00001); F= 86%
Test for overall effect: Z=11.11 (P < 0.00001)

10 -5 0 5 10

worse than controls better than controls
Figure 2 Measures of Memory Efficiency.
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Schizophrenia group Healthy individuals Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.2 Measures of Memory Functioning (inpatients only)
Neufeld 1995 10.67 212 15 13.44 25 16 55% -1.16 [-1.93,-0.39] 1995 e
Stone 1998 775 1342 18 875 818 15  56% -0.86 [-1.58,-0.14] 1998 e
Nestor 1998 37 135 18 47 154 21 58% -0.67 [-1.32,-0.02] 1998 —
Stratta 1999 8475 1255 25 9833 233 25 58% -1.48[2.11,-0.85] 1999 -
Crespo-Facorro 1999 5.4 1.9 14 6.6 1.5 13 55% -0.68 [1.46,0.10] 1999 =
Brébion 2001 147 i3 50 256 7.8 40 6.3% -1.44 [-1.90,-0.97] 2001 -
Lanser 2002 19.02 3.87 39 2344 32 36 6.2% -1.23[1.72,-0.73] 2002 .
Woonings 2002 36.5 10.7 44 472 104 79 6.4% -1.01 [-1.40,-0.62] 2002 e
Hartman 2002 10.6 1.9 16 116 0.9 16 57% -0.66 [1.37,0.08] 2002 i
Kiefer 2002 4.42 1.06 24 4.92 1.18 24 6.0% -0.44 [-1.01,0.13] 2002 =
Kravariti 2003 82.8 207 18 1085 8.1 17 55% -1.58 [-2.35,-0.81] 2003 =
Holthausen 2003 45.69 9.21 118 5638 852 45  B.5% -1.18 [-1.55,-0.81] 2003 -
Hill 2004 -0.73 117 86 -0.01 085 81  6.6% -0.70 [-1.01,-0.38] 2004 -
Kopelowicz 2005 46 ] 28 432 ] 26 B1% 0.31 [-0.23,0.84] 2005 :
Mulholland 2008 18 2.36 30 233 0.1 15 53% -2.69[-3.53,-1.84] 2008 =
Braw 2008 77.53 1.64 37 865 1.29 44 47% -6.09[-7.14,-5.03] 2008 ==
Roesch-Ely 2009 6.4 2.08 50 7.02 159 40  6.4% -0.33[-0.75,0.09] 2009 -
Subtotal (95% CI) 630 553 100.0% -1.21[-1.63,-0.80] ¢
Heterogeneity: Tau® = 0.65; Chi*= 156.34, df= 16 (P < 0.00001); F= 90%
Test for overall effect: Z= 5.74 (P < 0.00001)

-10 -5 0 5 10

Figure 3 Measures of memory functioning (inpatients only).

waorse than controls

hetter than controls

of general intelligence (see Additional file 1: Table S1

and Figure 8).

Measures of IQ (inpatients only) (27 studies). This

Premorbid IQ (48 studies). This analysis includes only
those studies which were specified to be performed
with measures of premorbid IQ as described by
the authors (see Additional file 1: Table S1 and

analysis includes only those studies from Additional file 1:
Table S1.1 which were specified to be performed with
inpatients (see Additional file 1: Table S1 and Figure 9).
Measures of IQ (outpatients only) (27 studies). This
analysis includes only those studies from Additional file 1:
Table S1.1 which were specified to be performed with
outpatients (see Additional file 1: Table S1 and Figure 10).

Figure 11).

Language

Verbal functioning (70 studies). This analysis includes
measures of fluency, naming tasks, etc. (see Additional
file 1: Table S1 and Figure 12).

Schizophrenia group Healthy individuals Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.3 Measures of Memory Functioning (outpatients only)
Braff 1991 6.33 1.86 40 8.03 1.23 40 6.8% -1.07 [-1.54,-0.60] 1991 e
Park S 1995 71.4 16 18 95.2 48 18  B.1% -1.97 [2.78,-1.16] 1995 -
Ross 2000 729 5.1 10 85.1 57 10  53% -2.16[-3.31,-1.01] 2000 ——
Egan 2001 31.8 19.2 120 54.6 10 43 6.9% -1.31 [-1.69,-0.94] 2001 -
Perlstein 2001 312 0.83 17 3.32 0.36 16 6.4% -0.30[-0.99,0.39] 2001 -T
Joyce 2002 5.62 1.37 136 6.58 1.3 81 7.0% -0.71 [-0.99,-0.43] 2002 -
Weiss A.P. 2002 0.45 0.23 40 061 019 32 B67% -0.74 [-1.22,-0.26] 2002 =
Tek 2002 76.2 1.1 30 86.1 1.3 20 39% -8.24[-10.01,-6.46] 2002 —
Minzenberg 2003 -1.25 1.29 57 036 085 20 6.6% -1.33[-1.89,-0.78] 2003 -
Altshuler, 2004 36.6 108 20 50.9 6.2 22 B.3% -1.61 [-2.32,-0.91] 2004 -
Kopelowicz 2005 36.2 8.3 28 43.2 ] 26 6.6% -0.80[-1.35,-0.24] 2005 e
Henry 2007 41 1018 30 515 6.78 29  6.6% -1.19[-1.75,-0.64] 2007 e
Braw 2008 77.53 1.64 37 86,5 1.29 44 55% -6.09[-7.14,-5.03] 2008 -
Bora 2008 301 43 30 36.3 41 30 6.6% -1.46[-2.03,-0.88] 2008 =
van Erp 2008 68.68 104 35 7668 7.36 35 B7% -0.88 [-1.37,-0.39] 2008 -
Soriano 2009 4533 3.67 30 5805 474 18  6.0% -3.05[-3.92,-2.19] 2009 =
Subtotal (95% CI) 678 484 100.0% -1.83[-2.35, -1.31] ®
Heterogeneity: Tau*= 0.97; Chi*=194.51, df= 15 (P < 0.00001); F=92%
Test for overall effect: Z=6.95 (P < 0.00001)

-10 -5 0 5 10

Figure 4 Measures of memory functioning (outpatients only).

worse than controls

hetter than controls
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Schizophrenia group Healthy individuals Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.4 Digit Span
Buckley 1994 16 41 27 19.3 31 20 29% -0.87 [-1.48,-0.27] 1994 S—=—
Kurachi 1994 9.6 2.8 39 9.8 2.4 20 3.3% -0.07 [-0.61,0.47] 1994 e O
Thomas 1996 15.2 6.5 38 18.4 5.3 16 3.0% -0.51 [-1.10,0.08] 1996 =
Javitt 1997 107 0.2 18 109 015 17 2.4% -1.10[-1.82,-0.38] 1997 EE—
Stone 1998 4.07 1.28 18 513 155 15 2.4% -0.73[-1.45,-0.02] 1998 —=—
Cohen 1999 57 1 33 6 1.5 31 3.6% -0.23[-0.73,0.26] 1999 S
Fucetola 2000 9.13 2.48 87 111 236 94  51% -0.81 [1.11,-0.51] 2000 =
Brébion 2001 5.9 2.25 50 725 285 40 41% -0.53[-0.95,-0.11] 2001 i
Kircher 2001 6 2 12 7.7 1.9 7 1.5% -0.83[-1.80,0.15] 2001 r
Kiefer 2002 5.48 1.08 24 552 113 20 3.0% -0.04 [-0.63,0.56] 2002 S
Schuepbach 2002 15.03 4.01 29 1871 435 24 31% -0.87 [-1.44,-0.30] 2002 ma—
Minzenberg 2003 -1.02 1.05 57 0.02 092 20 3.3% -1.01 [-1.55,-0.48] 2003 =
Papageorgiou 2003 54.4 7.2 ] 68 45 11 1.1% -2.22[-3.39,-1.05] 2003
Silver 2003 553 1.67 27 8.03 258 39 3.4% -1.10[-1.62,-0.57] 2003 —=
Baldeweg 2004 6.25 215 28 89 225 20 28% -1.19[-1.81,-0.56] 2004 a—
Conklin 2005 6.3 2.45 39 86 245 56 4.1% -0.93[-1.36,-0.50] 2005 —t
Alptekin 2005 10.97 3.25 38 11.81 47 31 3.7% -0.21 [-0.69,0.27] 2005 —=
Birkett 2006 49 0.8 15 5.3 0.96 15 2.3% -0.44 [-1.17,0.29) 2006 —
Stirling 2006 19.33 2175 30 19 1.675 18 3.0% 016 [-0.42,0.75)] 2006 T
Waters 2006 554 1.65 43 6.7 1.65 24 3.5% -0.69[-1.21,-0.18] 2006 —
Wood 2006 10 0.91 20 11.2 0.96 20 2.5% -1.26 [-1.94,-0.57] 2006 =
Burbridge 2007 6.4 23 49 7.5 23 47 4.3% -0.47 [-0.88,-0.07] 2007 ——
Depp 2007 7.8 25 150 9.8 27 85 5.4% -0.77 [-1.05,-0.50] 2007 -
Rodriguez-Sanchez 2007 4.36 1.2 118 5.4 1.5 22 38% -0.83[-1.29,-0.36) 2007 ———
Bertrand 2007 16.29 3.96 36 17.24 4.1 27 36% -0.23[-0.73,0.27] 2007 ==
Achim 2007 16.7 4 26 17.2 4.1 20 3.0% -0.12 [-0.71,0.46] 2007 —
Brissos 2008 8.83 1.77 23 948 1.88 23 31% -0.35[-0.93,0.23] 2008 T
Leonard 2008 93 26 34 123 24 34 35% -0.99 [-1.49,-0.48] 2008 =
Matsui 2008 7.5 1.94 53 9.4 26 31 3.8% -0.85[-1.32,-0.39] 2008 =
Roiser 2009 12.9 2 20 142 235 17 26% -0.59 [-1.25,0.07] 2008 ————
Weiler 2009 16.1 1.95 19 18.8 1.95 19 2.4% -1.36 [-2.07,-0.64] 2008 —_—
Subtotal (95% CI) 1209 883 100.0% -0.67 [-0.81,-0.53] 12
Heterogeneity: Tau®= 0.07; Chi*= 60.66, df = 30 (P = 0.0008); IF= 51%
Test for overall effect: Z=9.59 (P < 0.00001)
I .
worse than controls  hetter than controls
Figure 5 Digit span.

Executive Function

Measures of cognitive flexibility (67 studies). This
analysis includes tasks principally obtained from the
Wisconsin Card Sorting Test (see Additional file 1:
Table S1 and Figure 13).

Attention

Reaction Time (76 studies). This analysis includes the
reaction time registered with various techniques and in
various types of tasks (see Additional file 1: Table S1
and Figure 14).

Attention (inpatients only) (19 studies). This analysis
includes only those studies where it was specified that
the cases were inpatients (see Additional file 1: Table
S1 and Figure 15).

Attention (outpatients only) (21 studies). This table
includes only those studies where it was specified that
the cases were outpatients (see Additional file 1: Table
S1 and Figure 16).

In general, since there isn’t any substantial change
with respect to the measures utilized in the previous re-
view, the same detailed descriptive table of the measures

found in the previous review is valid also for this
updated version [7].

Description of the studies

The clinical criteria to individuate and select the
patients of the studies added to this review are the
same as those of the previous version (in general they
were defined according to DSM III, DSM III R, DSM
IV, DSM IV-TR, ICD 9, ICD 10, and RCD the Research
Diagnostic Criteria). Only in few instances there was a
distinction of patients according to different types of
diagnosis, but since this information is present in very
few papers, it has not been utilized for this review. The
total number of cases of this updated version of the re-
view is 18,049: 10,120 patients of the Schizophrenia
Group (SG) and 7,929 normal cases of the Control
Group (CQG).

As shown in Table 2, the unbalance between the num-
ber of patients and that of the normal cases is persistent
and generalized in all analyses but one. It ranges be-
tween a maximum of 38% of patient surplus with respect
to the normal cases to a minimum of 12%. Only the
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Schizophrenia group Healthy individuals Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.1.5LTM
Green 1985 21.23 4.76 44 2736  1.36 12 1.9% -1.41[-2.10,-0.72] 1985 —
Harvey 1988 0.74 0.25 26 096 0.07 25 21% 147 [1.77,-0.57] 1988 —_—
Schmand 1992 8.1 3.3 67 9.09 37 19  22% -0.29[-0.80,0.22] 1992 T
Buckley 1994 86.8 21.4 27 1099 1586 20 2.0% -1.19[-1.82,-0.55] 1994 I
Davidson 1996 1.4 1.7 66 6.9 1.8 66 2.2% -3.12[-3.64,-261] 1996 ——
Michel 1998 856 1596 26 1065 108 26 2.0% -1.51 [-2.13,-0.89] 1998 I
Fucetola 2000 2928 1755 87 51.21 1217 94 25% -1.46[-1.78,-1.13] 2000 .
Harvey 2000 2.34 2.82 165 691 243 165  2.6% -1.73[-1.99,-1.48] 2000 =
Riley 2000 316 8.33 40 3714 257 22 22% -0.79[-1.33,-0.25] 2000 —
Gur 2001 16.4 8.4 53 251 75 71 2.4% -1.10[-1.48,-0.71] 2001 -
Wilk 2002 74 1872 181 10538 13.93 99  2.5% -1.82[-2.11,-1.53] 2002 =
Tendolkar 2002 9.7 29 14 1258 1.8 14 1.7% -1.15[-1.96,-0.35] 2002 —==
Brazo 2002 8.5 2.8 35 108 29 335 22% -0.80[-1.29,-0.31] 2002 _—
Conklin 2002 12.2 2.7 37 14.4 09 56 2.3% -1.19[-1.64,-0.74] 2002 —_—
Hughes 2002 7.35 6.2 65 1718 583 25 22% -1.60[-2.12,-1.08] 2002 =
Seidman 2003 15.98 8.02 88 25 6.4 48 24% -1.20[-1.58,-0.82] 2003 =
Evans 2003 7.9 2.8 93 9.9 1.7 73 25% -0.84 [-1.16,-0.52] 2003 -
Kravariti 2003 85.6 208 20 1071 104 21 1.9% -1.30[-1.98,-0.62] 2003 =
Kim 2003 12.3 5.49 22 215 549 21 1.9% -1.64 [-2.35,-0.94] 2003 —
MacDonald 2003 1.96 112 24 332 068 3B 21% -1.52[-2.11,-0.93] 2003 —
van Beilen 2004 7.54 3.05 50 1044 257 25 22% -0.99[-1.50,-0.48] 2004 -
Schuepbach 2004 11.48 3.46 32 13 251 21 2.1% -0.48 [-1.04,0.08] 2004 -
Dickinson 2004 8.1 35 97 1.2 29 87  25% -0.96 [-1.26,-0.65] 2004 =
Hill 2004h 10.32 3.75 62 1208 257 67  24% -0.55[-0.90,-0.20) 2004 -
Muller 2004 12.87 71 100 2616 6.3 62 2.4% -1.94 [[2.33,-1.56] 2004 _—
Dragovic 2005 57 3.06 157 9.58 31 7 25% -1.26 [-1.55,-0.96] 2005 =
Hoff 2005 0.3 0.2 51 0.54 0.1 74 24% -1.60[-2.01,-1.19] 2005 -
Wood 2006 2596 1079 20 316 864 20 2.0% -0.57 [-1.20,0.07] 2006 BE—
Birkett 2006 5.7 46 15 11.8 71 15  1.8% -0.99[-1.76,-0.23] 2006 —
Barrantes-Vidal 2007 13.2 6.1 68 25.1 8.2 63  24% -1.65[-2.04,-1.25] 2007 =
Depp 2007 6.8 39 150 10 3.6 85  25% -0.84 [-1.12,-0.56] 2007 -
Kiang 2007 8.6 37 18 12.2 31 18 1.9% -1.03[-1.73,-0.33] 2007 —=
Kerns 2007 696 1242 47 53.2 547 30 2.3% 0.16 [-0.30, 0.62] 2007 N
Menzies 2007 181 35 11 231 1.4 11 1.4% -1.80[-2.83,-0.78] 2007
Wang 2008 7.98 453 50 11.06 4.54 53 24% -0.67 [-1.07,-0.28] 2008 -
Skelley 2008 87.1 38.4 162 936 115 205  26% -0.24 [-0.45,-0.03] 2008 ]
Gonzalez-Blanch 2008 4.04 3 37 5.65 25 34 23% -0.57 [-1.05,-0.10] 2008 =
Heinrichs 2008 4046  11.32 151 5074 11.08 72 25% -0.91 [-1.20,-0.62] 2008 -
Leonard 2008 85 19 34 98 18 34 22% -0.75[-1.24,-0.26] 2008 =
Midorikawa 2008 721 19.2 27 1108 12 43 2.0% -2.57[-3.19,-1.94] 2008 —
Pino 2008 4.56 2.25 124 659 1.93 39 24% -0.93[-1.30,-0.55] 2008 =
Ohrmann 2008 1041 26 43 11 26 37 23% -0.34 [-0.79,0.10] 2008 7
Nestor 2008 88.77 1274 25 105.07 1479 28 21% -1.16[-1.74,-0.57] 2008 =
Manning 2009 27 2.3 30 59 2 30 21% -1.47 [-2.04,-0.89] 2009 =
Leeson 2009 7.43 2.85 60 1009 296 60 2.4% -0.91 [-1.29,-0.53] 2009 -
Subtotal (95% Cl) 2801 2244 100.0% -1.14 [-1.32, -0.96] ¢
Heterogeneity: Tau®= 0.30; Chi*= 337.12, df= 44 (P < 0.00001); F=87%
Test for overall effect: Z= 12.61 (P < 0.00001)
N L
worse than controls better than controls
Figure 6 Long term memory.

analysis concerning the IQ measures has a balanced
number of patients and normal cases. The systematic
unbalance between the groups was already identified in
the previous review and it has remained unchanged in
the more recent papers. This unbalanced design is not
due to few big studies where there was a an asymmet-
rical recruitment of patients and controls, but it is due
to a generalized and persistent modality of recruitment
of the great majority of studies.

The mean age of cases described in the single studies
ranges between a minimum of 16.5 years for patients of

the SG and of 16.2 years of the CG to a maximum of
73.3 years in both groups.

Not all the studies describe the composition of their
cases and patients by sex. When this information is
available, the mean percentage of males is 70.60% in the
SG and 60.81% in the CG with a range from a minimum
of 0% (all females) to a maximum of 100% (all males).
The average number of male cases of the CG is 87% of
the average number of male patients of the SG.

In general, most of the patients were examined
while taking antipsychotic drugs but it is very rare to
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Figure 7 Short term memory.

Schizophrenia group Healthy individuals Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% Cl Year IV, Random, 95% CI
1.1.6 STM
Harvey 1990 0.34 0.26 26 07 on 25 1.5% -1.76[-2.42,-1.11] 1990 I
“an Den Bosch 1992 67.4 11.5 30 784 113 21 1.7% -0.69[-1.26,-0.12] 1992 ——
Hoff 1892 13.2 7.2 26 2089 5 25 16% -1.22[-1.82,-0.62] 1992 =
Landro 1993 18 89 30 253 34 18  16% -0.98[-1.59,-0.36] 1993 —
Gras-Vincendon 1994 6.3 3.2 24 9.4 3 24 16% -0.98[-1.58,-0.38] 1994 B
Yerdoux 1994 15.73 B.71 17 2253 5.3 17 1.4% -1.10[-1.83,-0.37] 1994 —
Goldberg 1998 13.04 3.27 23 16.7 25 23 1.5% -1.24 [-1.87,-0.60] 1998 ———
Wexler 1998 5483 2.25 36 g 2.4 30 1.8% -1.068[-1.57,-0.53] 1998 I
Hoff 1998 9.35 5.2 58 1767 542 T4 20% -1.55[-1.95,-1.16] 1998 -
Arango 1999 17 9.4 85 291 7 36 1.9% -1.37 [-1.80,-0.94] 1999 =
Hazlett 2000 7.8 37 20 121 33 32 16% -1.22[-1.83,-0.61] 2000 ——
Fucetola 2000 38.16 19 87 5895 10.05 94 21% -1.38[-1.70,-1.05] 2000 -
Weickert 2000 16.24 8.91 117 2363 6893 24 19% -0.97 [-1.42,-0.51] 2000 —
Riley 2000 33.62 6.07 40 3718 244 22 1.7% -0.69[-1.22,-0.15] 2000 —
Gur 2001 201 8.1 53 28.2 6.5 71 2.0% -1.11 [-1.50,-0.73] 2001 -
Danion 2001 23.2 78 43 275 8.5 24 18% -0.53[-1.03,-0.03] 2001 —
Wilk 2002 7217 18.04 181 10575 12.64 99 22% -2.05[-2.35,-1.75] 2002 =
Gooding 2002 68.3  27.93 34 9789 366 o 17% -1.42[-1.98,-0.87] 2002 —
Chey 2002 25 1.24 15 453 0.96 168 1.2% -1.79[-2.64,-0.94] 2002 E—
Tendolkar 2002 11.79 28 14 1367 0.5 14 1.3% -0.91 [-1.69,-0.12] 2002 —=
Hughes 2002 11.97 B.61 62 2088 502 25 1.8% -1.44[-1.95,-0.92] 2002 =
Seidman 2003 20.51 7.83 88 28.4 5.7 48 20% -1.10[-1.47,-0.72] 2003 -
MacDonald 2003 3 0.91 24 387 029 3B 16% -1.39[-1.97,-0.82] 2003 E—
Kim 2003 12.43 5.04 22 N2 5.6 21 1.4% -1.62 [-2.32,-0.92] 2003 —
Hill 2004k 9.53 3.87 62 1148 279 B7  21% -0.58[-0.93,-0.23] 2004 =
Dickinson 2004 8.6 33 97 1.1 31 87 22% -0.78[-1.08,-0.48] 2004 -
Brehion 2004 5.51 2189 39 821 298 39 18% -1.02 [-1.50,-0.55] 2004 ==
Schuepbach 2004 11.14 3.7 32 1224 308 21 1.7% -0.31 [-0.87,0.24] 2004 =
Muller 2004 17.46 71 100 29.79 B.7 62 2.0% -1.77[-2.14,-1.39] 2004
Keefe 2004 779 3.94 148 129 385 50 21% -1.30 [-1.65,-0.95] 2004 -
Dragovic 2005 20,6 6.52 157 287 597 7722% -1.27 [-1.57,-0.98] 2005 =
Kopelowicz 2005 41.1 8.66 56 43.2 ] 26 1.9% -0.24 [[0.70,0.23] 2005 =1
Hoff 2005 0.4 0.2 51 0.4 0.1 T4 21% -0.67 [-1.03,-0.300 2005 -
Wood 2006 28.65 10.65 20 3445 743 20 1.5% -0.62 [-1.26,0.02] 2006 ——
Birkett 2006 8.1 5.2 15 13.3 6.5 15 1.3% -0.86 [-1.61,-0.11] 2006 =
Barrantes-Yidal 2007 18.1 6.9 63 28.5 6.4 63 2.0% -1.56[-1.94,-1.16] 2007 ==
Achim 2007 56.2 205 26 795 193 20 1.5% -1.15[-1.78,-0.51] 2007 ——
Kiang 2007 42.4 18.3 18 538 103 18 1.4% -0.85[-1.54,-017] 2007 —
Kernsg 2007 112 0.7 47 292 118 o 17% -1.95[-2.50,-1.39] 2007 B
Gonzalez-Blanch 2008 512 297 37 706 275 34 18% -0.67 [-1.15,-0.19] 2008 —
Brissos 2008 349 2.04 23 7285 23 1.5% -1.29[-1.93,-0.65] 2008 E—
Barch 2008 0.94 0.1 55 0495 0.09 37 20% -0.10[-0.52,0.31] 2008 =T
Wang 2008 9.74 4.67 53 1255 426 53 20% -0.62 [-1.01,-0.23] 2008 =
Skelley 2008 ] 279 162 84.3 14 208 2.3% -0.86 [-1.07,-0.64] 2008 -
Snyeder 2008 351 121 38 398 112 20 1.7% -0.39[-0.94,0.15] 2008 ——
Pino 2008 18.46 381 124 22 355 39 20% -0.94 [-1.31,-0.57] 2008 =
MNestor 2008 8468 1512 25 10232 1572 28 16% -1.13[1.71,-0.54] 2008 —
Ohrmann 2008 48.6 9.9 43 54 8 37 1.8% -0.59[-1.04,-0.14] 2008 =
Leonard 2008 100 19 34 105 13 34 18% -0.30[-0.78,0.17] 2008 ==
Midorikawa 2008 76.6 19.5 27 1102 129 49 16% -2.14[-2.73,-1.55] 2008 —
Cosman 2009 4265 12.87 40 51.8 143 30 1.8% -0.67 [-1.16,-0.18] 2009 I
Manning 2009 9.9 6.4 30 202 7.5 o 17% -1.46[-2.03,-0.88] 2009 —_—
Leeson 2009 5.58 1.76 60 615 1.86 B0 21% -0.31 [-0.67,0.05] 2009 =
Huddy 2009 5.4 1.2 33 6.4 1.1 24 17% -0.85[-1.40,-0.30] 2009 —
Cellard 2010 0.68 022 25 086 013 25 16% -0.98[-1.57,-0.39] 2010 —
Palmer 2010 79.3 15.8 127 1003 138 127 22% -1.41 [-1.69,-1.14] 2010 =
Subtotal (95% CI) 3032 2373 100.0% -1.05 [-1.18, -0.92] [ ]
Heterogeneity: Tau®= 0.17; Chi*= 240.02, df= 55 (P = 0.00001); F=77%
Test for overall effect Z=16.00 {P = 0.00001)

S b §

waorse than controls  better than controls

find specified the length of the therapeutic treatment
or the eventual suspension of it in occasion of the
cognitive evaluation. In few instances, it is indicated
that therapies different from antipsychotic drugs were

also administered to the patients such as BZD, anti-
depressants, etc.

Many studies do not specify if patients were examined
in an acute, chronic, or remission phase.
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Study or Subgroup
1.2.1 Measures of IQ
Neufeld 1978
Edell 1887
Goldberg 1990
Morice 1990
Braff 1991
Granholm 1991
Frith 1991
Monison-Stewart 1991
Hoff 1992

Penn 1993
Heaton 1994
Gras-Vincendon 1994
Kurachi 1994
Sayers 1995
Javitt 1995
Schreiber 1995
Besche 1997
Javitt 1997

Aloia 1998

Hoff 1998
Goldstein 1998
Michel 1998
Cadenhead 1999
Granholm 1999
O'Carroll 1999
Glahn 2000
Krabbendam 2000
Gold 2000
Elvevag 2000
Elvevag 2000b
Fucetola 2000
Ross 2000
Weickert 2000
Zuffante 2001
Sullivan 2001
Elvevag 2001
Danion 2001
Egan 2001

Perry 2001 study 1
Stirling 2001
Perry 2001 study 3
Langdon 2002
Vinogradoy 2002
Conklin 2002
Hughes 2002
Brazo 2002
Gooding 2002
Lanser 2002
Okada 2002
Seidman 2003
Silver 2003
Kravariti 2003
Elvevag 2003
Giovannetti 2003
MacDonald 2003
Minzenberg 2003
McNeely 2003
Dickinson 2004
Keefe 2004
Rund 2004
Conklin 2005
Brazo 2005
Badcock 2005
Kiehl 2005
Henquet 2005
Hoff 2005
Leitman 2006
Stirling 2006
Depp 2007
Cellard 2007
Cuesta 2007
Bertrand 2007
Burbridge 2007
Henry 2007
Barrantes-Vidal 2007
Rodriguez-Sanchez 2007
Achim 2007
Doughty 2008
Brissos 2008
Chen 2008
Barch 2008
Badcock 2008
Bora 2008

Baas 2008
Heinrichs 2008
Park IH 2008
Ohrmann 2008
Nestor 2008
Mulholland 2008
Premkumar 2008
Luck 2008
Leonard 2008
Midorikawa 2008
Martin 2008
‘Wang 2008
Skelley 2008

Bell 2009

Huddy 2008
Leeson 2009
Manning 2009
Cellard 2010
Grillon ML 2010
Subtotal (95% CI)

Schizophrenia group

Mean

104.9
983
89.7
845

9518

9.1
924
104.8
103.4
113
96.3
953

9.06
943
85.15
16.65
1055

87.74

1.4
101.37
90.78
107.74
836
91.98
934
108.6
100.9

SD

10.02
14.4
14.2

188

2032
11.02
1087
133
15.38
10.4
15.57
19.1

Total

22
33
60
30
25
25
4760

SD_Total Weight

Healthy controls
Mean

11 981 20
1126 115 20
1086 21.4 7
103.7 138 34
1046 1452 40
107 27 15
1055 126 35
1102 1377 30
1128 83 25
130 76 il
1138 106 38
109.8 77 24
96.3 88 30
875 235 19
110.8 8.9 "
1085 9.4 22
252 29 20
996 19 17
1105 6.5 2
111.54 1395 74
109.39 11.65 27
99.2 123 26
15 2 20
1.4 29 28
1032 78 20
586 7.2 62
1156 115 19
1011 75 20
106 15 48
1107 1235 30
106.47 13.78 94
108 12 10
101.32 1358 26
115.91 1155 23
128 25 84
12 129 29
94 164 24
1079 111 43
275 405 50
112 984 36
96 23 40
518 38 20
104 12 16
1115 154 56
10836 13.24 25
101.2 107 35
11097 468 30
554 11.77 36
926 121 22
1129 13 48
16.07  3.65 38
106.4 143 il
11823 2081 23
1093 11.51 kil
49.9 4.8 36
1045 125 20
1.7 1.5 13
1054 148 87
16.02 7.31 50
105 79 47
1116 154 56
101.3 108 56
108.4 9 149
116.6 573 18
1135 132 15
116 151 74
1115 104 17
102 1346 18
1" 25 85
121 997 23
12,07 1.62 26
10631 109 27
103.2 108 47
105.4 1077 29
1094 132 63
10.44 25 28
108.4 9.2 20
107.87 17.25 15
17.87 507 23
1038 103 8
10.4 3.6 37
110.24 665 48
1.8 23 30
106.6 13.65 28
1125 1.99 72
114 72 14
225 5 37
109.25 1379 28
112 105 15
1193 149 25
94.05 223 19
108 13 34
1099 11.4 49
125 22 19
10543 1834 54
106.97 9.82 205
104.84 1518 15
89.7 127 24
102,99 14.02 80
1027 128 30
12156 822 25
127 174 25
3656

Heterogeneity: Tau®= 0.24; Chi*= 498.11, df= 101 (P < 0.00001); F= 80%

Test for overall effect:

Figure 8 Measures of 1Q.

17.15 (P < 0.00001)

0.9%
0.8%
0.7%
1.0%
1.1%
0.8%
1.1%
1.0%
1.0%
1.0%
1.0%
0.9%
1.0%
0.9%
0.8%
0.8%
0.9%
0.8%
0.9%
1.2%
1.0%
1.0%
0.9%
0.9%
1.0%
1.1%
0.9%
1.0%
1.0%
0.8%
1.2%
0.7%
1.1%
0.8%
1.0%
0.9%
1.0%
1.1%
1.1%
1.0%
1.1%
0.8%
0.9%
1.1%
1.0%
1.0%
1.0%
11%
0.9%
1.1%
1.0%
0.8%
0.8%
1.0%
1.0%
1.0%
0.8%
1.2%
1.2%
11%
1.1%
1.1%
1.2%
0.9%
0.8%
1.1%
0.8%
0.8%
1.2%
0.9%
1.1%
1.0%
1.1%
1.0%
11%
1.1%
0.9%
0.8%
1.0%
0.7%
1.1%
1.0%
1.0%
0.8%
1.2%
0.7%
11%
0.9%
0.8%
1.1%
0.5%
1.0%
1.0%
0.9%
11%
1.2%
0.9%
1.0%
1.2%
1.0%
0.9%
1.0%
100.0%

Std. Mean Difference

IV, Random, 95% CI

-0.60-1.20,-0.01]

-0.63(1.08,-0.18]
-0.67 [1.41,0.07]
-0.75 -1.10,-0.39]
-0.34 [0.91,0.23)
0.70(1.27,-0.13]
-1.58 (2.15,-1.00]
-1.46 (-1.98,-0.94]
186 (2.21,-0.91]
-0.430.91,0.05]
0.72(1.33,-0.12]
-1.04 (1.76,-0.31]
-162(2.32,-0.93]
-0.14 [0.73,0.46]
-1.65 -2.43,-0.87]

80,-0.47]
93]
-0.93 (1.47,-0.38]
-0.46[1.01,0.09)
113 (1.80,-0.46]
-1.43 (-2.06,-0.80]
0.19[-0.34,0.73]
115 (1.53,-0.77]
1.21 [1.85,-0.57]

-1.56 (2.21,-0.91]
0.72(1.02,-0.42]
-0.63 [1.54,0.27)

1121156
-1.95 [-2.66,-1.23]
-1.54 (2.03,-1.04]
1.53(2.15,-0.91]
-0.36 [-0.86, 0.13]
118 (1.55,-0.81]
181 (2.28,-1.34]
126

0.67]

0.00 [-0.44, 0.44]

113 (1.66,-0.60]
-0.08 [0.53,0.38]
-0.38 (0.97,0.22)

-1.04 [1.42,-0.67]

0

-0.48 [1.01,0.04]
-0.75(1.27,-0.23]
-0.19 [-0.96, 0.58]

1.28(-2.02,-0.54]
-0.21(0.79,0.37)

0.18 [0.76,1.11]
-0.51 (-0.94,-0.09]
-2.31 (2.85,-1.77]
-0.13 [0.64,0.37]
-0.60 (-1.21,0.00]
-0.70 (-0.99,-0.41]
-1.51 2.36,-0.65]
-0.09 [-0.53,0.35]
119 (1.77,-0.60]

117 1,69, -0.65]
-2.09 [2.67,-1.51]
-0.38 (1.03,0.26]
-0.21 -0.59,0.17]
156 (-1.79,-1.32]

0.22[-0.44,0.88)
1.22(1.79,-0.64]

1.02(1.62,-0.43]
-0.64 [1.21,-0.07)
-0.96 [-1.07,-0.85]

Year

Std. Mean Difference
IV, Random, 95% CI

1978
1987
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1990
1991
1991
1991
1991
1992
1993
1994
1994
1994
1995
1995
1995
1997
1997
1998
1998
1998
1998
1999
1999
1999
2000
2000
2000
2000
2000
2000
2000
2000
2001
2001
2001
2001
2001
2001
2001
2001
2002
2002
2002
2002
2002
2002
2002
2002
2003
2003
2003
2003
2003
2003
2003
2003
2004
2004
2004
2005
2005
2005
2005
2005
2005
2008
2006
2007
2007
2007
2007
2007
2007
2007
2007
2007
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008

2008 ——

2008
2008
2008
2008
2008
2009
2009
2003
2009
2010
2010
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Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.2 Measures of IQ (inpatients only)
Neufeld 1978 104.9 10.02 26 111 981 20 3.6% -0.60 [-1.20,-0.01] 1978 =1
Edell 1987 98.3 14.4 30 1126 115 20 3.6% -1.06 [-1.66,-0.45] 1987 ===
Penn 1993 113 13 3 130 7.6 il 3.7% -1.58 [-2.15,-1.00] 1993 S
Sullivan 1994 9.4 2.4 34 12.4 26 67  41% -1.17 [1.62,-0.73] 1994 e
Sayers 1995 83.7 1464 27 975 235 19  3.6% -0.72[-1.33,-012] 1995 ===
Javitt 1997 96.3 2 18 99.6 19 17 3.0% -1.65[-2.43,-0.87] 1997 e
Besche 1997 246 5.1 24 25.2 29 20 36% -0.14 [-0.73,0.46] 1997 |
Aloia 1998 99.51 11.83 20 1105 6.5 21 3.4% -1.14 [-1.80,-0.47] 1998 —=
Fucetala 2000 96.18 14.57 87 106.47 13.78 94  45% -0.72[-1.02,-0.42] 2000 et
Elvevag 2000 86 14 28 106 15 48 3.9% -1.35[-1.87,-0.84] 2000 -
Elvevag 2000h 908 12.86 20 1107 1235 30 3.4% -1.56 [-2.21,-0.91] 2000 —
Stirling 2001 102 5.5 40 112 9.84 36 3.9% -1.26 [1.75,-0.76] 2001 e
Perry 2001 study 1 205 3.62 50 275 4.05 50  4.0% -1.81 [-2.28,-1.34] 2001 -
Elvevag 2001 92 128 24 112 1289 29 35% -1.53 [2.15,-0.91] 2001 —a—
Okada 2002 87.8 129 22 926 121 22 36% -0.38 [-0.97,0.22] 2002 ==t
Lanser 2002 54.42 1386 39 554 11.77 36 4.1% -0.08 [-0.53, 0.38] 2002 -
Conklin 2002 938 134 39 1115 154 56 4.1% -1.20 [-1.65,-0.76] 2002 =
Giovannetti 2003 8494 1251 47 1093 11.51 il 3.7% -1.99 [-2.54,-1.43] 2003 =
Kravariti 2003 926 16.2 20 1064 143 21 3.4% -0.89 [-1.53,-0.24] 2003 -
Rund 2004 925 11.4 51 105 7.9 47 41% -1.26 [-1.69,-0.82] 2004 -
Henguet 2005 96.1 10.2 15 1135 132 15  2.9% -1.44 [-2.25,-0.62] 2005 —
Wang 2008 101.37  20.32 54 10543 18.34 54  43% -0.21 [-0.59,0.17] 2008 =
Ohrmann 2008 22 55 43 225 5 37 41% -0.09 [-0.53, 0.35] 2008 =
Mulholland 2008 91.54 1.9 30 1112 105 15  3.2% -1.68 [-2.40,-0.97] 2008 —F—
Doughty 2008 8515 17.49 20 107.87 17.25 15  31% -1.28 [-2.02,-0.54] 2008 —
Manning 2009 934 10.4 30 1027 129 30 3.8% -0.78 [-1.31,-0.26) 2009 —
Cellard 2010 1086 1557 25 12156 822 25 36% -1.02 [1.62,-0.43] 2010 =
Subtotal (95% CI) 894 906 100.0% -1.04 [-1.25, -0.82] ¢
Heterogeneity: Tau®= 0.24; Chi*=114.12, df= 26 (P < 0.00001); F=77%
Test for overall effect: Z=9.44 (P < 0.00001)
S I
worse than controls  hetter than controls
Figure 9 Measures of 1Q.

The inclusion of data in specific analyses was decided
according to the description offered by the authors of
the single papers.

Data analysis
All analyses are performed comparing patients with schizo-
phrenia to normal cases using Review Manager (RevMan)
Version 5.1, Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2011. All variables used are
continuous measures which are analyzed by the Standar-
dized Mean Difference, Random Effect Models, due to di-
versity of methods of measurement used in each analysis,
to the randomness of patients sampling empirically done in
each of the included studies, and to the high level of hetero-
geneity of their variance. The heterogeneity is also quanti-
fied by the index I? [8] which indicates the part of variance
due to the presence of specific causes different from chance
but not equally distributed in all the studies considered. In
those instances where the original data were presented as
different subgroups of patients, these data were recom-
puted in order to be inserted as a single group of patients.
The type of studies included in this meta-analysis does
not require a quality assessment of the randomization
procedure of allocation of cases. It has other quality

assurance requirements, mostly devoted to warrant a
sound methodological quality of results. The quality ana-
lysis was carried out adopting the method proposed by
Egger et al. [9] which evaluates the presence of interfering
factors on the results by the method of meta-regression.
The meta-regression was used to investigate the relation-
ship of sex, age, and number of participants with the mag-
nitude of the effect size of the single cognitive areas.

Finally, the effect size of each cognitive function was
transformed according to the method proposed by
Grissom [10] to the probability of superiority estimate
(PS index) which allows for the quantification of the
probability [11] that a case from the schizophrenia group
will present a score different from that obtained by a
case from the control group for each of the cognitive
areas examined.

Results and discussion

Memory functioning

In this cognitive area concerning the measures of mem-
ory functioning, the comparison between 2,066 patients
with schizophrenia and 1,366 normal subjects (47 stu-
dies for a total of 3,432 cases) produces an ES=-1.22
[-1.44, -1.01] with an *=86% and a PS=81%. These
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Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.3 Measures of 1Q (outpatients only)
Granholm 1991 91 1.9 15 107 27 15 2.8% -0.67 [-1.41,0.07] 1991 =
Braff 1991 9518 1491 40 1046 1452 40 41% -0.63[-1.08,-0.18] 1991 -
Michel 1998 91.81 18.86 26 992 123 26 3.6% -0.46 [-1.01,0.09] 1998 =
Gold 2000 91.53 1334 37 1011 75 20 3.6% -0.81 [-1.37,-0.24] 2000 —_—
Krabhendam 2000 99.5 141 27 1156 115 19 3.2% -1.21 [-1.85,-0.57] 2000 —_—
Ross 2000 101 9 10 108 12 10 2.2% -0.63[-1.54,0.27] 2000 /T
Egan 2001 926 135 120 1079 114 43 46% -1.18 [-1.55,-0.81] 2001 -
Danion 2001 88.1 16 43 94 164 24 39% -0.36 [-0.86,0.13] 2001 =
Gooding 2002 102.26 9.46 34 11097 468 30 3.7% -1.13[-1.66,-0.60] 2002 -
Hughes 2002 9242 1532 62 10836 13.24 25 3.9% -1.07 [-1.56,-0.58] 2002 ==
Brazo 2002 84.22 1419 3/ 1012 107 35 3.8% -1.34 [-1.86,-0.82] 2002 ==
Minzenherg 2003 96.2 10.4 57 1045 125 20 3.8% -0.75[1.27,-0.23] 2003 -
McNeely 2003 11.2 32 13 M7 15 13 27% -0.19[-0.96,0.58] 2003 —
Dickinson 2004 90.6 16.2 97 1054 148 87 49% -0.95[-1.25,-0.64] 2004 =
Kiehl 2005 1105 99 18 1166 573 18 3.0% -0.74 [-1.42,-0.06] 2005 -
Brazo 2005 85.39 15.4 56 101.3 108 56 4.4% -1.19[-1.59,-0.79] 2005 -
Depp 2007 9.6 3 150 11 25 85 51% -0.49[-0.76,-0.22] 2007 -
Henry 2007 946 1584 30 1054 1077 29 3.7% -0.78 [-1.32,-0.25] 2007 -
Barrantes-Vidal 2007 90.9 129 62 1094 132 63 45% -1.41 [-1.79,-1.03] 2007 -
Cellard 2007 108.74  11.22 23 121 9.97 23 3.3% -1.04 [-1.66,-0.42] 2007 ——
Burbridge 2007 97.4 122 49 1032 109 47 4.4% -0.50 [-0.90,-0.09] 2007 ==
Heinrichs 2008 9.62 245 151 1125 1.99 72 5.0% -0.70 [-0.99,-0.41] 2008 -
Luck 2008 83 3N 19 9405 223 19 1.6% -4.00[-5.14,-2.86] 2008
Barch 2008 85 37 55 104 36 37 4.3% -0.51 [-0.94,-0.09] 2008 .=
Bora 2008 11.6 21 30 1.9 23 30 3.8% -0.13[-0.64,0.37] 2008 -
Chen 2008 105.5 8.3 10 1038 103 8 21% 018 [0.76,1.11] 2008 -1
Premkumar 2008 102 21 75 1193 149 25 4.0% -0.87 [-1.34,-0.40] 2008 -
Subtotal (95% Cl) 1355 919 100.0% -0.83[-1.00, -0.66] ¢
Heterogeneity: Tau®= 0.13; Chi*= 84.99, df= 26 (P < 0.00001); F=69%
Test for overall effect: Z= 9.55 (P < 0.00001)
LI
worse than controls  better than controls
Figure 10 Measures of 1Q (outpatients only).

results demonstrate that there is a significant decline of
memory functioning among the patients with schizo-
phrenia confirmed by the high probability (81%) to find
a patient with a memory impairment vs. a 19% of prob-
ability to find a patient with scores similar to those of a
normal case. The high heterogeneity of these studies limits
the usefulness of these findings, since it is not possible to
exclude that factors other than the diagnosis could
contribute, at least partially, to determine the difference
between patients and normal subjects (see Table 2).

The results obtained for the same area, separating
inpatients from outpatients, apparently show that outpa-
tients have a larger difference from normal subjects but
also maintain a very large amount of heterogeneity
between studies (respectively: inpatients, ES=-1.21
[-1.63, -0.80], I =90%, PS = 80%; outpatients, ES = -1.83
[-2.35, -1.31], I* = 92%, PS = 90%). The number of studies
was similar in both instances. In this analysis, the differ-
ence of ES magnitude between in and out-patients is
only apparent. In fact, their confidence intervals overlap
in a way that let us exclude that the two ES’s can be
considered different.

An example of the influence of the methodological
heterogeneity on the ES is offered by the results con-
cerning data obtained by the systematic use of a single

type of measure in all studies on memory functioning; in
this case the Digit Span. In a total of 2,092 cases from
31 works, there is an ES = -0.67 [-0.81, -0.53] with an I*
51%. These results show that when a source of variance
due to the differences between measurement methods
employed in the different studies is eliminated, there is a
consistent reduction of the effect size (which is still de-
monstrative of a statistically significant difference be-
tween groups) accompanied by a reduction to almost
half of the heterogeneity.

Analysis of data in function of the type of memory model
adopted in the studies was carried out in order to control
for a likely source of heterogeneity. The data allowed us to
separate results concerning short term memory (STM) vs.
those concerning long term memory (LTM). Other models
of memory were not suited for this type of analysis since
specific data were only sporadically available.

When only LTM data are included in the analysis,
from 45 studies for a total of 5,045 cases, ES is -1.14
[-1.32, -0.96], I* 87%, and PS 79%. Similar but slightly
less intense results are obtained for STM data, obtained
from 56 studies for a total of 5,405 cases, where
ES=-1.05 [-1.18, -0.92], I> 77%, PS 77%.

These results show that the separation of the type of
memory model reduces the heterogeneity, while the use
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Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.4 premorbid 1Q
Frith 1991 109 1041 283 10841 9.9 35 26% 0.09[-0.26,0.44] 1991 T
Hoff 1992 97.6 14.8 26 1115 1741 25 2.0% -0.86 [-1.43,-0.28] 1992 =
Schmand 1992 105 17 30 105 15 19  2.0% 0.00 [-0.57,0.57] 1992 T
Sullivan 1994 106.5 9.3 34 112 7.1 67  2.4% -0.69[-1.11,-0.27] 1994 ==
Goldherg 1998 99.1 121 23 109 146 23 1.9% -0.73[1.32,-0.13] 1998 =
Kuperberg 1998 1109 9.3 27 113 g 10  1.6% -0.23 [-0.96, 0.50] 1998 T
Smith 1998 111.44 9.02 24 11037 845 24 20% 012 [-0.45,0.69] 1998 T
Rossell 1999 1126 10.4 74 1157 9.2 il 2.4% -0.31 [-0.73,012] 1999 ==
Phillips 2000 107.65 2.88 27 116 1.9 18  1.3% -3.23[-4.15,-2.31] 2000 In—
Elvevag 2000 115 B 28 120 5 48 2.2% -0.92 [-1.41,-0.43] 2000 =
Elvevag 2000h 96 15 24 108 111 29 2.0% -0.98 [-1.56,-0.41] 2000 ——
Kircher 2001 101 9.32 12 1076 9.6 7 1.2% -0.67 [-1.63,0.29] 2001 /T
Elvevag 2001 933 1418 20 1107 1235 30 1.9% -1.31 [1.93,-0.68] 2001 =
Stirling 2001 112 2.56 40 114 1.88 36 2.3% -0.87 [-1.35,-0.40] 2001 ——
Sullivan 2001 106.7 8.4 25 1132 6.9 84  23% -0.89 [-1.35,-0.43] 2001 ——
Egan 2001 101.6 1.9 120 1045 116 43 26% -0.24 [-0.59,0.11] 2001 ==
Joyce 2002 9967 10.37 110 104.64 9.54 73 27% -0.49[-0.79,-0.19] 2002 =
Hughes 2002 102,48 14.98 62 1094 9.09 25 2.3% -0.51 [-0.98,-0.03] 2002 =
Surguladze 2002 101.9 109 20 1099 9 260 1.9% -0.80 [-1.40,-0.19] 2002 —
Elvevag 2003 102,63 13.28 19 11248 932 23 1.9% -0.86 [-1.49,-0.22] 2003 —
Hill 2004 99.87 1423 86 104.74 1056 81 2.7% -0.39 [-0.69,-0.08] 2004 ==
Altshuler, 2004 24.4 11.2 20 153 11.2 22 1.9% 0.80[0.17,1.43] 2004 —
Baldeweg 2004 106.3 146 28 1201 9.5 20 1.9% -1.07 [-1.68,-0.45] 2004 =
Brehion 2004 101.8 13 39 1064 117 39 23% -0.37 [-0.82,0.08] 2004 =
Kiehl 2005 109.2 11.4 18 1164 635 18  1.8% -0.76 [-1.44,-0.08] 2005 .
Leeson 2005 101.4 1355 56 107.3 10.3:1 24 22% -0.46 [-0.94,0.02] 2005 ==
Moritz 2005 102.01 9.04 30 11064 6.79 15  1.8% -1.01 [-1.67,-0.36] 2005 =
Badcock 2005 97.43 8.56 109 106.4 85 109 2.8% -1.05 [-1.33,-0.76] 2005 -
Waters 2006 100.21 9.32 43 10362 475 24 22% -0.42 [-0.93,0.08] 2006 ==
Wood 2006 1026 11.53 20 1073 995 20 1.9% -0.43 [-1.06, 0.20] 2006 ===r
Birkett 2006 331 8.5 15 376 9.6 15  1.6% -0.48[-1.21,0.24] 2006 T
Stirling 2006 102.7 7.84 30 10317 11.69 18  2.0% -0.05 [-0.63, 0.54] 2006 i
Henry 2007 101.2 1235 30 1029 1237 29 2.2% -0.14 [-0.65,0.38] 2007 =T
Menzies 2007 105 7.6 11 108 1 1" 1.4% -0.31 [-1.15,0.54] 2007 T
Tsoi 2008 106 11 30 110 11 30 2.2% -0.36 [-0.87,0.15] 2008 ==r
Moritz 2008 109 14 68 115 15 25 2.3% -0.42[-0.88, 0.05] 2008 )
Baas 2008 108 1331 18 1068 9.83 28 2.0% -0.16 [-0.75, 0.44] 2008 -
Rossell 2008 107 134 32 115 1089 32 22% -0.65[-1.15,-0.14] 2008 =
Badcock 2008 94.02 1071 42 109.84 656 48 2.2% -1.79[-2.29,-1.30] 2008 =
D'Argembeau 2008 108 6.2 16 111 53 16  1.7% -0.51 [-1.21,0.20] 2008 S
Snyeder 2008 98.4 11.2 34 1013 1089 20 21% -0.26 [-0.81,0.30] 2008 —r
Doughty 2008 1005 2476 20 102.38 31.63 15  1.8% -0.07 [-0.74,0.60] 2008 i
Huddy 2009 91.2 13.3 33 98.9 7.4 24 21% -0.68 [-1.22,-0.14] 2009 =
Manning 2009 99.5 9.3 30 101 9.4 30 2.2% -0.16 [-0.67,0.35] 2008 -
Horan 2009 304 9.8 55 354 8.7 44  25% -0.53 [-0.94,-0.13] 2009 =
Majorek 2009 1025 13.3 38 1111 134 29 2.2% -0.64 [1.13,-0.14] 2009 ==
Roesch-Ely 2009 109.07 1277 50 12092 12.91 40 2.4% -0.92 [-1.35,-0.48] 2009 -
Roiser 2009 927 121 20 978 103 17 1.8% -0.44 [-1.10,0.21] 2008 T
Subtotal (95% CI) 2049 1519 100.0% -0.57 [-0.70, -0.43] ‘
Heterogeneity: Tau®= 0.15; Chi*= 154.72, df= 47 (P < 0.00001); F=70%
Test for overall effect: Z=8.23 (P < 0.00001)
4 % b6 4 4
worse than controls  better than controls
Figure 11 Premorbid 1Q.

of only a specific memory measure cuts the heterogen-
eity to a much less amount (from around 90% when put
together to about 80% when separated by memory
model and to 50% when using a single type of measure).
In synthesis, these results show that, without a question,
there is a reduction in memory functioning among the
patients with schizophrenia, whatever the method of
examination. They also demonstrate that, at least for
memory functioning, it would be preferable, in the fu-
ture research activity, to identify a specific method of
measurement to be adopted on the basis of research

hypotheses and feasibility of use in this clinical area,
with respect to the current practice of evaluating mem-
ory functioning with whatever task is occasionally avail-
able at the moment. The heterogeneity would be greatly
reduced and the results would be much more informative.

Global cognitive functioning

This area was evaluated in general, by IQ measures (102
works, 8,416 total cases). The ES is —0.96 [-1.07, -0.85]
with I? = 80% and PS = 75%. When outpatients’ and inpa-
tients’ results are separated and analyzed, the former
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N
Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total ig| IV, 95% Cl Year IV, R 95% CI
1.3.1 Verbal Tasks
Green 1985 90.28 411 44 9536 1 12 1.2% -1.36 [-2.04,-0.67) 1985 —
Goldberg 1990 9.4 28 16 125 35 7 09% -0.99 [-1.93,-0.05) 1990
Morice 1990 7.8 34 60 10.4 3.3 34 1.6% -0.77 [-1.20,-0.33] 1980 I
Earle Boyer 1991 18.29 1.9 17 20 0.01 19 1.1% -1.28 [-2.01,-0.56] 1991 n—
Frith 1991 11.98 217 283 1223 075 35 1.7% -0.12[-0.47,0.23] 1991 -1
Braff 1991 9518 14.91 40 1046 1452 40 1.6% -0.63-1.08,-0.18] 1991 -
Myles-Waorsley 1991 0.37 0.22 20 042 02 20 1.3% -0.23[-0.86,0.39) 1991 e
Hoff 1992 51.5 52 26 54.8 3.7 25 1.4% -0.72[-1.29,-0.15] 1992 -
Verdoux 1994 10.25 263 16 1287 3.22 16 1.1% -0.87 [-1.60,-0.14] 1994 _—
Paulsen 1994 0.49 0.65 20 0.94 019 30 1.3% -1.02[-1.62,-0.42] 1994 —_—
Haskins 1995 11.64 35 47 1304 24 51 1.7% -0.47 [-0.87,-0.06) 1995 B
Cantor-Graae 1995 kil 126 14 40.9 6.9 14 1.0% -0.95[-1.73,-0.16] 1985 —_—
Miller 1995 22 16 30 36 25 27 1.4% -0.67 [-1.20,-0.13] 1985 -
Mirsky 1995 74 34 22 10 241 42 1.4% -1.10[-1.65,-0.54] 1995 —
Docherty 1996 -0.67 1.73 48 1 143 23 1.4% -1.01 [-1.53,-0.48] 1996 —
Goldberg 1998 100.3 16 23 1122 139 23 1.3% -0.78-1.38,-0.18] 1998 —
Kuperberg 1998 12.74 3 27 18 5 10 1.0% -1.42[-2.22,-0.62) 1998 E—
Stone 1998 1.67 0.91 18 327 11 15 1.0% -1.56 [-2.35,-0.77) 1998 _—
Hoffman 1999 81.7 16.5 21 956 55 26 1.3% -1.16[-1.79,-0.54] 1989 I
Docherty 1999 97.71 1.94 43 9941 028 23 1.4% -1.06 [-1.60,-0.52] 1999 I
Arango 1999 332 11.2 85 416 111 3B 1.7% -0.75[-1.15,-0.35) 1999 -
Sarfati 1999 21.65 43 26 259 1.4 13 1.1% -1.15[-1.87,-0.43] 1999 -
Rossell 1999 48316 1346 74 647 185 N 1.6% -1.09[-1.53,-0.64] 1999 -
Harvey 2000 7.42 5.03 165 16.67 509 165 1.9% -1.82[-2.08,-1.57] 2000 -
Glahn 2000 341 127 62 478 87 62 1.7% -1.25[-1.64,-0.86] 2000 -
Weickert 2000 36.63 1079 117 437 1058 24 1.6% -0.65[-1.10,-0.21] 2000 I
Riley 2000 30.08  11.03 40 4595 1028 22 1.4% -1.45[-2.04,-0.87) 2000 —
Gur 2001 373 124 53 468 04 17% -1.17 [-1.55,-0.78] 2001 ==
Danion 2001 487 11.6 48 621 9.6 24 1.4% -1.21 [-1.74,-0.68] 2001 I
Egan 2001 344 11.8 120 452 10 43 1.7% -0.95-1.31,-0.58] 2001 -
Broerse 2001 17.22 3.08 24 2205 6.38 20 1.3% -0.98 [-1.61,-0.35) 2001 —
Kiefer 2002 17.62 5.34 24 2463 632 24 1.3% -1.18[-1.80,-0.56) 2002 _—
Tendolkar 2002 16.86 4.3 14 3025 6.6 14 0.8% -2.33[-3.33,-1.34] 2002
Vinogradoy 2002 -0.52 1.2 40 012 1:1 16 1.3% -0.54 [-1.13,0.05] 2002 =
Wilk 2002 8473 1485 181 105.69 14.23 99  1.9% -1.43[-1.70,-1.16] 2002 ==
Ojeda 2002 321 1008 11 50.2 9.93 10  08% -1.74 [-2.77,-0.70) 2002
Minzenberg 2003 -0.33 0.98 57 023 087 20 1.5% -0.58 -1.10,-0.06] 2003 —
Kim 2003 27.86 713 22 4162 876 pal 1.2% -1.70 [-2.40,-0.99] 2003 —
Giovannetti 2003 457 9.2 47 547 37 29 1.5% -1.17 [-1.67,-0.67) 2003 —
Keefe 2004 10.53 416 137 144 488 50 1.8% -0.88 [-1.22,-0.55) 2004 —
Al-Uzri 2004 15.83 4.41 12 2083 6.44 12 1.0% -0.87 [-1.72,-0.03] 2004 —
Altshuler, 2004 30.2 7.7 20 522 98 22 1.0% -2.43[-3.25,-1.62) 2004 ——
Baldeweg 2004 305 18.1 28 434 133 20 1.3% -0.78-1.38,-0.18] 2004 —=
van Beilen 2004 18.58 412 50 26.24 B.76 25 1.4% -1.47 [-2.01,-0.94] 2004 =
Muller 2004 28.81 11.2 100 349 9.3 62 1.8% -0.58 [-0.90,-0.25] 2004 —
Dragovic 2005 29.02 9.97 157  38.98 1042 7 1.9% -0.98 [-1.27,-0.69) 2005 =
Alptekin 2005 294 1427 38 3665 1492 N 1.5% -0.49[-0.97,-0.01] 2005 —
Hoff 2005 50.5 8.4 51 55.7 38 74 1.7% -0.85[-1.22,-0.47] 2005 =
Leeson 2005 6596 1555 56 89.46 16.32 24 1.4% -1.47 [-2.01,-0.94] 2005 S
Kopelowicz 2005 3415  11.36 56 385 7.7 26 1.5% -0.42-0.89, 0.05) 2005 &=
Kosmidis 2005 2355 1018 42 4255 855 42 1.4% -2.00[-2.53,-1.47) 2005 =
Brazo 2005 228 5.7 56 26.2 41 56 1.7% -0.68 [-1.06,-0.30) 2005 —
Chino 2006 227 7.8 36 28 86 25 1.5% -0.64 [-1.17,-0.12) 2006 —
Stirling 2006 22.97 7.54 30 4133 454 18 1.0% -2.74[-3.56,-1.92] 2006 —
Menzies 2007 121 42 11 173 58 11 0.9% -0.99 -1.88,-0.09) 2007
Burbridge 2007 7.7 3 43 116 32 47 1.6% -1.25[-1.69,-0.81] 2007 =
Cuesta 2007 16.4 487 169 2169 553 26 1.6% -1.06 [-1.49,-0.64] 2007 ==
Barrantes-Vidal 2007 13 4.7 68 17.2 45 63 1.7% -0.91 [-1.27,-0.55] 2007 ==
Depp 2007 29.2 12 150 39.2 12 85 1.9% -0.83 [1.11,-0.55] 2007 ==
Heinrichs 2008 17.84 5.37 151 2001 533 72 1.9% -0.40-0.69,-0.12] 2008 ==
D'Argembeau 2008 19.6 4.1 16 245 6 16  1.1% -0.93 [-1.66,-0.20) 2008 —
Bora 2008 39.2 9.2 30 412 14 30 1.5% -0.17 [-0.67,0.34] 2008 =T
Brissos 2008 15.48 3.58 23 1717 354 23 1.3% -0.47 [-1.05,0.12] 2008 T
Wang 2008 19.59 5.36 54 2008 553 54 1.7% -0.09 [-0.47,0.29) 2008 -1
Leonard 2008 92 16 34 110 16 34 1.5% -1.11 [-1.63,-0.60) 2008 =
Matsui 2008 279 8 53 389 59 31 1.5% -1.49[-1.99,-0.99] 2008 =
Pino 2008 14.34 5.4 124 2044 522 33 1.7% -1.13[-1.51,-0.75) 2008 =
Rossell 2008 497 204 32 741 178 32 1.4% -1.26 [-1.80,-0.72] 2008 —
Szoke 2009 29.39 8.58 54 339 1077 41 1.6% -0.47 [-0.88,-0.06] 2009 =
Manning 2009 16.6 42 30 202 52 30 1.5% -0.75[-1.28,-0.23] 2009 —_
Subtotal (95% CI) 3962 2434 100.0% -0.99 [-1.10, -0.87] ¢
Heterogeneity: Tau®= 0.16; Chi*= 262.53, df= 69 (P < 0.00001); F=74%
Test for overall effect. Z=16.99 (P < 0.00001)

-4 -2 0 2 4
worse than controls better than controls

Figure 12 Verbal functioning.
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Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Randi 95% Cl_Year IV, Rand 95% CI
1.4.1 Measures of Flexibility
Marice 1990 7.2 3 60 104 3.2 34 16% -1.03 [-1.48,-0.59] 1990 =
Goldberg 1990 2.8 25 16 7.7 1.4 7 1.0% -2.11[3.22,-1.000 1990 ===
Rief 1991 78.3 254 24 959 45 24 1.5% -0.95 [-1.55,-0.35] 1991 =
Schwartz 1991 3.8 2 16 55 1.3 16 1.4% -0.98 [1.72,-0.24] 1991 ==
Braff 1991 438 1.92 40 558 1.2 40 1.6% -0.48 [-0.93,-0.04] 1991 -1
Hoff 1992 4 25 26 5.8 8 25 1.5% -0.30 [-0.85,0.25] 1992 -1
Caorrigan 1992 0.66 0.26 30 093 009 15 1.4% -1.21 [-1.88,-0.54] 1992 =
Verdoux 1994 4.61 1.6 13 576 059 13 1.3% -0.92 [-1.74,-0.11] 1994 7
Parellada 1994 4.33 32 6 867 2.8 6 0.9% -1.33[-2.64,-0.03] 1994 -
Paulsen 1994 0.2 0.69 20 086 0.3 30 1.5% -1.31 [-1.93,-0.68] 1994 =
Mirsky 1995 3741 12.8 16 595 154 41 1.4% -1.50[-2.14,-0.85] 1995 -
Cantor-Graae 1995 28.4 8.6 14 32 8.3 14 1.4% -0.41 [-1.16,0.34] 1995 1
Shelley 1996 65.6 9.7 11 82.2 75 13 1.1% -1.87 [-2.86,-0.88] 1996 -
Smith 1998 -3.49 5.59 24 1.84 7.11 24 15% -0.82[-1.41,-0.23] 1998 =
Perlstein 1998 29 ] 55 49 11 24 1.5% -2.05[-2.64,-1.47) 1998 =
Michel 1998 5.45 0.89 26 5.7 0.7 26 1.5% -0.31 [-0.85, 0.24] 1998 -1
Hoff 1998 2.85 2.03 132 565 0.86 74 1.7% -1.64 [1.96,-1.31] 1998 =
Goldberg 1998 479 3.27 23 8 27 23 1.5% -1.05 [-1.67,-0.43] 1998 -
Brankovic 1999 2.09 2.35 29 304 1.49 35 16% -0.49 [-0.99, 0.01] 1999 -1
Sarfati 1999 18.65 6.11 26 244 2.3 13 1.4% -1.08 [-1.80,-0.37] 1999 =
Arango 1999 426 14.1 85 628 137 36 1.6% -1.44 [1.87,-1.00] 1999 =
Cadenhead 1999 42 2.2 20 56 04 20 1.4% -0.82[-1.46,-0.17] 1999 =
Besche-Richard 1999 14.4 8.9 24 16 8.4 48 1.6% -0.18 [-0.68, 0.31] 1999 T
Weickert 2000 4.28 2.89 117 8 25 24 16% -1.31 [11.77,-0.84] 2000 he
Riley 2000 29 1.97 40 505 1.27 22 1.5% -1.21 [11.77,-0.64] 2000 -
Saoud 2000 5 2 18 6 0.0001 15 1.4% -0.66 [-1.36, 0.05] 2000 T
Gold 2000 2232 1052 37 3345 543 20 1.5% -1.21 [1.80,-0.62] 2000 =
Glahn 2000 39 2.2 62 529 1.5 62 1.7% -0.73[1.10,-0.37] 2000 =
Fucetola 2000 2.69 2.22 87 535 145 94 1.7% -1.42[-1.75,-1.10] 2000 =
Perry 2001 study 3 4.4 1.8 40 5.2 1.6 40 1.6% -0.47 [-0.91,-0.02] 2001 -1
Gur 2001 3.8 29 53 [ 2.2 71 1.7% -0.87 [1.24,-0.49] 2001 e
Stratta 2001 3.82 2.42 25 494 1.76 35 1.5% -0.54 [-1.06,-0.01] 2001 -
Egan 2001 40.2 11.1 120 547 9.5 43 1.7% -1.35[-1.73,-0.97] 2001 =
Perry 2001 study 4 1.6 1.2 37 33 1.4 34 16% -1.29[-1.81,-0.78] 2001 o
Gooding 2002 2.56 2 34 523 1.6 30 15% -1.45[-2.00,-0.89] 2002 =
Lanser 2002 15 0.66 39 239 088 36 1.6% -1.14 [11.63,-0.65] 2002 =
Hughes 2002 3.76 2.24 62 495 189 25 1.6% -0.55[-1.02,-0.08] 2002 -1
Brazo 2002 3.92 1.45 35 5.4 1.1 35 16% -1.14 [-1.64,-0.63] 2002 -
Woonings 2002 34 1.4 44 42 1 79 1.7% -0.69 [-1.07,-0.31] 2002 =
Ojeda 2002 4.22 2.22 11 55 0.76 10 1.2% -0.73[1.62,0.16] 2002 -
Kim 2003 3.55 2.34 22 533 168 21 1.5% -0.85 [-1.48,-0.23] 2003 =
Evans 2003 6.5 2.4 93 8.6 1.9 73 1.7% -0.95[-1.28,-0.63] 2003 =
Silver 2003 20.91 4 27 2414 1.46 38 15% -1.14 [11.67,-0.61] 2003 =
Minzenherg 2003 -0.2 1.07 57 0.4 0.16 20 1.5% -0.64 [1.16,-0.12] 2003 -
Yogev 2004 11.75 3.84 41 143 098 24 15% -0.81 [1.33,-0.28] 2004 =
Hill 2004 -1.2 097 86 -0.04 0.72 81 1.7% -1.35[-1.68,-1.01] 2004 =
Keefe 2004 2.03 1.59 117 3.03 165 50 1.7% -0.62 [-0.96,-0.28] 2004 =
Altshuler, 2004 2.4 22 20 55 0.8 22 1.4% -1.87 [2.61,-1.14] 2004 ==
Hoff 2005 36.5 15.5 51 435 9.8 74 1.7% -0.56 [-0.92,-0.20] 2005 =
Kopelowicz 2005 2.8 1.36 56 36 1.5 26 1.6% -0.56 [-1.04,-0.09] 2005 -1
Brazo 2005 4.4 1.4 56 53 1.1 56 1.7% -0.71 [-1.09,-0.33] 2005 -
Stirling 2006 50 13.98 30 6867 887 18 1.4% -1.49[-2.15,-0.83] 2006 =
Torres 2007 8.357 4.923 50 15.447 4594 40 1.6% -1.47 [-1.94,-1.00] 2007 =
Henry 2007 351 1085 30 423 1337 29 1.5% -0.58 [1.11,-0.06] 2007 -1
Lee 2007 1.9 0.3 68 6 0.3 95 0.8% -13.60[15.13,-12.08] 2007 —
Kessler 2007 14.42 2.36 20 1729 1.24 28 1.4% -1.58 [-2.24,-0.92] 2007 -
Kiang 2007 2.6 1.5 18 31 1.5 18 1.4% -0.33 [-0.98,0.33] 2007 -1
Cavézian 2007 05 0.85 10 4.1 3.38 10 1.1% -1.40 [-2.40,-0.40] 2007 =
Bertrand 2007 -81.57 37.69 36 -B36 146 27 16% -0.59[-1.10,-0.08] 2007 =1
Wang 2008 425 2 54 478 188 54 1.7% -0.27 [[0.65,0.11] 2008 b
Nestor 2008 4.08 21 25 512 161 28 1.5% -0.55[1.10,-0.00] 2008 =
Ohrmann 2008 429 9.8 43 488 72 37 16% -0.67 [1.12,-0.22] 2008 ~
Midorikawa 2008 21 217 27 4.1 1.98 43 1.6% -0.97 [-1.46,-0.47] 2008 -
Moritz 2008 4.56 1.82 B8 536 147 25 1.6% -0.46 [-0.92,0.01] 2008 -1
Braw 2008 711 0.31 38 862 026 4 1.2% -5.26 [6.20,-4.33] 2008 =
Leeson 2009 7.2 2.56 97  8.64 1.78 97 1.7% -0.65 [-0.94,-0.36] 2009 =
Manning 2009 5.8 23 30 7.3 2.3 30 1.5% -0.64 [1.16,-0.12] 2009 N
Subtotal (95% CI) 2867 2390 100.0% -1.10 [-1.27,-0.92] |
Heterogeneity: Tau®= 0.45; Chi*= 530.31, df= 66 (P < 0.00001), F= 88%
Test for overall effect: Z=12.18 (P < 0.00001)
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Figure 13 Measures of cognitive flexibility.
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N

Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, 95% Cl Year v, 95% CI
1.5.1 Reaction Time
Goldberg 1930 523 17.3 16 386 7.8 7 09% 0.87 [-0.06,1.80] 1990 —
Grillon C 1990 535.3 732 15 4329 736 15 1.1% 1.36 [0.55, 2.16] 1990 ==
Hirt 1991 668 184 10 353 96 10  0.8% 2.06[0.93,3.18] 1991 -
an Den Bosch 1992 498 83 30 458 72 21 1.4% 0.50(-0.07,1.07] 1992 =
Carter 1992 890 2607 13 6927 833 1 1.0% 0.95(0.09,1.80] 1992 =
Hoff 1992 202.6 86.5 26 1394 51.9 25 1.4% 0.87 [0.29, 1.44] 1992 Ea
Weiss KM. 1992 100 411 18 62.7 151 13 1.1% 1.10[0.33,1.87] 1992 e
Laplante 1992 1810 389 10 1,07 224 35 08% 2.90 [1.96,3.84] 1992 —_
Strik 1993 363.8 45 22 3349 372 22 1.3% 0.69 [0.08,1.30] 1993 B
Penn 1993 3435 87.1 31 2634 219 31 1.4% 1.25([0.70,1.79] 1993 -
Kurachi 1994 10 36 12 9.6 23 12 1.1% 0.13[0.67,0.93] 1994 -
Cantor-Graae 1995 288 6.05 14 218 2.4 14 1.0% 1.48(0.63,2.33] 1995 i
Park S 1995 1,210 695 18 683 234 18 1.2% 0.99[0.30,1.69] 1995 =
Schreiber 1995 1,276 5634 21 822 2687 22 1.3% 1.02[0.38, 1.66] 1995 -
Oher 1995 71 105 19 644 113 22 1.3% 0.60[-0.03,1.23] 1995 —‘
Mirsky 1995 5235 76.1 23 4421 46.1 43 1.4% 1.38[0.82,1.94] 1995 ==
Javitt 1995 556 77.95 31 430 2653 1 11% 1.80(1.00,2.59] 1995 ==
Sereno 1996 504 119.57 17 354 3742 14 1.1% 1.58(0.76, 2.41] 1996 -
Rahinowicz 1996 867.67 47112 24 56474 3257 38 1.4% 0.77[0.24,1.30] 1996 ==
Besche 1997 7579 2432 24 559.6 80.7 20 1.3% 1.04 [0.40,1.67] 1997 ===
Smith 1998 56.03 2595 24 2941 1481 24 1.3% 1.24[0.62,1.86] 1998 i
Perlstein 1998 1,049 201 55 815 180 24 1.4% 1.19([0.67,1.70] 1998 -
Hoff 1998 189.98 110.02 132 59.31 28.23 74 1.7% 1.45[1.13,1.77] 1998 -
Fucetola 1999 study 2 563 66.3 20 472 57.9 20 1.2% 1.43[0.73,2.14] 1999 =
Fucetola 1999 study 1 510 326 20 483 38.2 20 1.3% 0.75[0.10,1.39] 1999 _
Stratta 1999 1,770.3 647 25 10234 1756 25 1.3% 1.55(0.91,2.19] 1999 -
Glahn 2000 102.9 856 62 486 102 62 1.6% 0.89[0.52,1.25] 2000 =
Fucetala 2000 528 2053 87 2849 11.68 94  1.7% 1.09[0.78,1.41] 2000 =
Elvevag 2000h 379 107 20 323 52 30 1.3% 0.70[0.12,1.29] 2000 n
Riley 2000 4531 1941 40 28.82 8.69 22 1.4% 0.99[0.44,1.54] 2000 -
Broerse 2001 516.58 93.77 24 44185 6594 20 1.3% 0.89([0.27,1.52] 2001 =
Zuffante 2001 1,172.65 407.65 23 1,016.7 26552 23 1.3% 0.45[-0.14,1.03] 2001 =
Stirling 2001 477 128.94 40 411 6576 36 1.5% 0.63[0.17,1.09] 2001 —~—
Pery 2001 study 4 2349 625 37 1727 383 37 1.5% 1.19[0.69,1.68] 2001 ==
Perlstein 2001 657.4 1144 17 572 103.2 16 1.2% 0.76 [0.05,1.47] 2001 —
Moritz 2001 8137 1841 20 7639 1143 20 1.3% 0.32[-0.31,0.94] 2001 T
Gur 2001 104.8 74 53 53.5 175 71 1.6% 1.06 [0.68, 1.44] 2001 -
Chey 2002 1,296 411 15 897 240 16 1.1% 1.16[0.39,1.93] 2002 —
Brazo 2002 98.12 64.89 35 318 17 35 1.4% 1.38[0.86,1.91] 2002 ==
Vinogradov 2002 651 145 40 579 82 16 1.3% 0.54 [-0.05,1.13] 2002 .
Hartman 2002 2,163 457 16 421 473 16 0.7% 3.65(2.47,4.83) 2002 _—
Surguladze 2002 1120 3875 20 6395 11389 26 1.2% 1.76 [1.06, 2.45] 2002 S
Ojeda 2002 428.75 84.4 11 42081 65.4 10 1.0% 0.10[-0.76,0.96] 2002 T
Hughes 2002 45466 107.21 62 39645 68.69 25 1.5% 0.59(0.12,1.06] 2002 ~—
Gooding 2002 633.04 160.61 34 58156 157.7 30 1.5% 0.32[-0.17,0.81] 2002 T
Tek 2002 692 1,083 30 109 130 20 1.3% 0.68[0.10,1.26) 2002 Bl
MacDonald 2003 546 97 24 418 a3 36 1.3% 1.42[0.84,2.00] 2003 -
McNeely 2003 967 245 13 672 83 13 1.0% 1.56 [0.67, 2.46] 2003 e
Kim 2003 53.82 2236 22 37.95 24.04 21 1.3% 0.67 [0.06,1.29] 2003 e
Holthausen 2003 3813 3888 118 26.71 2513 45 1.6% 0.32 [-0.03, 0.66] 2003 I~
Giovannetti 2003 108.9 59.6 47 61.4 296 30 1.5% 0.94 [0.45,1.42] 2003 -
Barch 2003 510 130 42 418 88 72 1.6% 0.87 [0.47,1.26] 2003 -
Ueno 2004 4336 788 32 4365 68.67 32 1.5% -0.04 [-0.53, 0.45] 2004 T
Kim 2004 1,0223 1835 16 977.8 1793 16 1.2% 0.24 [-0.46,0.93] 2004 T
Altshuler, 2004 539 233 20 345 126 22 1.3% 1.03[0.38,1.68) 2004 -
Muller 2004 51.18 337 100 2875 1023 62 1.6% 0.82[0.49,1.15] 2004 -~
Mathews 2004 1,140 419 27 1,066 285 28 1.4% 0.20[-0.33,0.73] 2004 7=
Dragovic 2005 4051 1554 157 37.14 1328 717% 0.23[-0.05,0.50] 2005 d
Brazo 2005 101.6 67.5 56 40 17.2 56 1.6% 1.24[0.84,1.65] 2005 -
Symond 2005 3846 106.2 40 309.6 41.4 40 1.5% 0.92 [0.46,1.38] 2005 -
Birkett 2006 5755 2938 15 3027 436 15 1.1% 1.26(0.47,2.06) 2006 ==
Stirling 2006 1232 6252 30 5812 11.258 18  1.3% 1.28(0.64,1.92] 2006 =
Cuesta 2007 63.53 2972 169 3723 1301 26 1.5% 0.93[0.51,1.35) 2007 -
Achim 2007 343 10.7 26 328 9.8 20 1.3% 0.13[0.45,072] 2007 T
Depp 2007 54.7 kil 150 338 131 85 1.7% 0.80[0.53,1.08] 2007 e
Bahin 2007 950.88 22718 20 67729 8855 20 1.2% 1.56 [0.84,2.27) 2007 SCan
Birkett 2007 397 115 61 314 59 47 1.6% 0.87 [0.47,1.27) 2007 -
Kems 2007 2866 1458 47 1823 509 30 1.5% 0.87 [0.39,1.35] 2007 =
Bertrand 2007 36.09  11.64 36 3292 913 27 1.4% 0.29[-0.21,0.80] 2007 ™
Luck 2008 1,891.85 419.41 19 153418 3036 19 1.2% 0.96 [0.28, 1.63] 2008 =
Braw 2008 1,011.74 57.89 39 70738 1375 44 0.7% 7.37[6.15,8.60) 2008 e
Brissos 2008 49.39 2361 23 3478 11.82 23 1.3% 0.77[0.17,1.37] 2008 =
Smid 2009 857 101 16 690 126 16 1.1% 1.43[0.64,2.21] 2009 ==
Roiser 2009 281.4 82 20 247 5 224 1.5% 1.46 [0.99, 1.94] 2009 -
Roesch-Ely 2009 4479 56.9 50 42175 31.63 40 1.5% 0.55([0.12,0.97] 2009 —
Karch 2009 589.7 130.04 61 526 97.14 61 1.6% 0.55(0.19,0.91] 2009 =
Subtotal (95% CI) 2852 2481 100.0% 0.99 [0.86, 1.12] |
Heterageneity: Tau®= 0.24; Chi*= 323.63, df= 75 (P < 0.00001); F=77%
Test for overall effect: Z=14.90 (P < 0.00001)
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Figure 14 Reaction time.
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Figure 15 Attention (inpatients only).
AN

Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.5.2 Attention (inpatiens only)
Hirt 1991 668 184 10 353 96 10  4.2% 2.06[0.93,3.18] 1991 —
Weiss KM. 1992 100 411 18 62.7 15.1 13 51% 1.10[0.33,1.87] 1992 ==
Laplante 1992 1,810 389 10 1,021 224 35 47% 2.90([1.96, 3.84] 1992 =
Penn 1993 3435 871 3 263.4 219 31 5.6% 1.25[0.70,1.79] 1993 =
Besche 1997 7579 2432 24 559.6 80.7 20 54% 1.04 [0.40,1.67] 1997 S
Perlstein 1998 1,049 201 55 815 180 24 56% 1.19[0.67,1.70] 1998 -
Stratta 1999 1,770.3 647 25 1,0234 1756 25  54% 1.55[0.91,2.19] 1999 =
Elvevag 2000k 379 107 20 323 52 30 55% 0.70[0.12,1.29] 2000 =
Stirling 2001 477 128.94 40 411 B5.76 3B 57% 0.63[0.17,1.09] 2001 ==
Moritz 2001 813.7 1841 20 7639 1143 20 54% 0.32[-0.31,0.94] 2001 T
Ojeda 2002 428.75 84.4 11 42081 65.4 10 4.9% 0.10[-0.76, 0.96] 2002 T
Hartman 2002 2,163 457 16 421 473 16 41% 3.65[2.47, 4.83] 2002 s—_—
Holthausen 2003 3813 3888 118 26.71 2513 45  59% 0.32 [-0.03,0.66] 2003 .
Giovannetti 2003 108.9 59.6 47 61.4 29.6 30 57% 0.94 [0.45,1.42] 2003
Muller 2004 51.18 337 100 28.75 1023 62 59% 0.82[0.49,1.15] 2004 el
Dragovic 2005 4051 1554 157 3714 13.28 77 B.0% 0.23[-0.05, 0.50] 2005 -
Bahin 2007 950.88 22718 20 677.29 8855 20 52% 1.56 [0.84, 2.27] 2007 ==
Braw 2008 1,011.74 57.89 39 70738 1375 44 4.0% 7.37[6.15,8.60] 2008
Roesch-Ely 2009 4479 56.9 50 421.75 3163 40  58% 0.55[0.12,0.97] 2009 Tl
Subtotal (95% CI) 811 588 100.0% 1.34[0.93, 1.76]
Heterogeneity: Tau®= 0.74, Chi*= 203.32, df=18 (P < 0.00001); F=91%
Test for overall effect: Z= 6.29 (P < 0.00001)

y
4 -2 0 2 4
hetter than controls worse than controls

group has an ES=-0.83 [-1.00, -0.66] I* 69%, PS 72%
while the latter group has an ES = -1.04 [-1.25, -0.82], I?
77%, PS 77%. These results show how the cognitive im-
pairment is generic and diffuse among the patients with
schizophrenia, in at least 3 patients out of 4, and it is

not dependent on the severity of the disease (inpatients
and outpatients do not differ very much in their results
concerning the 1Q).

The data concerning the premorbid IQ, are in general
measured by NART or WRAT or using specific subtests

Figure 16 Attention (outpatients only).

Schizophrenia group Healthy controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.5.3 Attention (outpatients only)
Carter 1992 890 2607 13 692.7 83.3 11 41% 0.95[0.09,1.80] 1992 —
Kurachi 1994 10 36 12 9.6 2.3 12 4.3% 013 [-0.67,0.93] 1994 o
Park S 1995 1,210 695 18 683 234 18 46% 0.99[0.30,1.69) 1995 =
Ober 1995 711 105 19 644 113 22 48% 0.60 [-0.03,1.23] 1995 "—
Smith 1998 56.03 2595 24 29.41 1481 24 48% 1.24 [0.62,1.86] 1998 =
Fucetola 2000 52.8 2953 a7 28.49 11.68 94  55% 1.09[0.78,1.41] 2000 s
Perlstein 2001 6574 1144 17 572 103.2 16 45% 0.76 [0.05,1.47] 2001 [~
Brazo 2002 9812 64.89 35 31.8 17 35 51% 1.38[0.86,1.91] 2002 =
Hughes 2002 45466 107.21 62 39645 68.69 25 52% 0.59[0.12,1.06] 2002 Ea
Gooding 2002 633.04 16061 34 58156 1577 30 51% 0.32[-0.17,0.81] 2002 =
Tek 2002 692 1,083 30 109 130 20 49% 0.68[0.10,1.26] 2002 ~
Vinogradov 2002 651 145 40 579 82 16 4.9% 0.54 [-0.05,1.13] 2002 =
McNeely 2003 967 245 13 672 83 13 4.0% 1.56 [0.67, 2.46] 2003 =
Mathews 2004 1,140 419 27 1,066 285 28 5.0% 0.20 [-0.33,0.73] 2004 T
Kim 2004 1,0223 1835 16 977.8 1793 16 4.6% 0.24 [-0.46, 0.93] 2004 T
Altshuler, 2004 53.9 23.3 20 345 12.6 22 47% 1.03[0.38, 1.68] 2004 =
Brazo 2005 101.6 67.5 56 40 17.2 56 5.3% 1.24 [0.84,1.65] 2005 =
Symond 2005 3846 106.2 40 309.6 41.4 40 52% 0.92[0.46,1.38] 2005 -
Depp 2007 54.7 3 150 338 1341 85  56% 0.80[0.53,1.08] 2007 ®
Braw 2008 1,011.74 57.89 39 70738 1375 44 31% 7.37[6.15,8.60] 2008
Luck 2008 1,891.85 419.41 19 1,53418 3036 19 46% 0.96 [0.28, 1.63] 2008 ==
Subtotal (95% CI) 771 646 100.0% 1.02[0.70, 1.34] ¢
Heterogeneity: Tau*= 0.45; Chi*=141.88, df= 20 (P < 0.00001); = 86%
Test for overall effect: Z=6.26 (P < 0.00001)
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Table 2 Summary of results
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Outcome N Studies N Total cases N SG N CG CG/SG*100 Effect Size C.l. 95% PS 1?

1 Memory functioning 128

1.1 Measures of Memory Efficiency 47 3,432 2066 1,366 66.12 =122 [-1.44,-1.01]* 081 86%*
1.2 Measures of Memory Functioning (inpatients only) 17 1,183 630 553 8778 —121[-163,-080]* 080  90%*
1.3 Measures of Memory Functioning (outpatients only) 16 1,162 678 484 7139 =183 [-235,-1.31]* 090  92%*
1.4 Digit Span 31 2092 1209 883 7304 067 [-081,-053]* 068 51% **
1.5 LT™M 45 5045 2801 2244 80.11  -1.14[-132,-096]* 079  87%*
1.6 STM 56 5405 3,032 2373 7826  —=105[-1.18,-092]* 077  77%"*
2 Global cognitive functioning 131

2.1 Measures of 1Q 102 8416 4,760 3,656 7681  -096 [-1.07,-0851* 075  80%*
2.2 Measures of 1Q (inpatients only) 27 1,800 894 906 10134 =104 [-1.25,-0.821* 0.77  77%*
2.3 Measures of 1Q (outpatients only) 27 2274 1355 919 6782 —083[-1.00,-066]* 072  69%*
24 premorbid 1Q 48 3,568 2049 1519 7413 =057 [10.70,-043]* 065  70%*
3 Language 70

3.1 Verbal Tasks 70 6396 3962 2434 6143  —-099 [-1.10,-087]* 076  74%*
4 Executive function 67

4.1 Measures of Flexibility 67 5257 2867 2,390 8336 —1.10[-127,-092]* 078  88%*
5 Attention 76

5.1 Reaction Time 76 5333 2852 2481 86.99 099 [0.86, 1.121* 076 77%*
5.2 Attention (inpatients only) 19 1,399 811 588 72.50 134093, 1.76]* 083  91%*
5.3 Attention (outpatients only) 21 1417 771 646 83.79 1.02 [0.70, 1.34]* 0.76  86%*

SG = Patients with Schizophrenia Group; CG normal control cases group.
CG/SG*100: percentage of control cases with respect of patients.

PS = probability of superiority; I* = percentage of heterogeneity.

* p<.00001; ** p <.00008.

of the WALIS considered stable over-time. These data are
based on 48 works for a total number of 3,568 cases and
show an ES=-0.57 [-0.70, -0.43], I*=70%, PS 65="%.
The hypothesis based on the premorbid IQ, that some
cognitive discrepancies are already present in the
patients population years ahead of an explicit expres-
sion of the clinical features of this disease, might be
confirmed by these results, at least in 2 cases every 3.
Naturally, since the largest part of these pre-morbid
data are retroactively reconstructed when the disease
is already diagnosed, it seems necessary a further con-
firmation of this hypothesis by the longitudinal pro-
active method of study where the pre-morbid IQ data
are obtained before the diagnosis.

In general, IQ data confirm the findings already seen for
the memory functioning both in terms of ES and of a large
heterogeneity. It must be noted that the heterogeneity is
around 80% when an homogeneous function is evaluated,
such as the IQ or specific models of memory functioning,

Language

The language functioning was evaluated in 70 works for
a total of 6,396 cases (3,962 SG and 2,434 CQG). The ES
is —0.99 [-1.10, -0.87] with I* = 74% and PS = 76%.

Executive function
Data concerning this cognitive area were studied in 67
works for a total of 5,257 cases (2,867 SG and 2,390 CG).
The ES is —1.10 [-1.27, -0.92] with I* = 88% and PS = 78%.
Both measures of language functioning and executive
function show that SG patients obtain significantly
worse results than those obtained by the normal con-
trols. The magnitude of differences is similar to that of
the other areas already examined and the same happens
for the heterogeneity.

Attention

Data in this cognitive area are measures of reaction time,
obtained in a variety of techniques and tasks from 76
studies for a total of 5,333 cases (2,852 SG and 2,481
CG). The ES is 0.99 [0.86, 1.12] with I*=77% and PS =
76%. When inpatients are separately analyzed from out-
patients, the inpatients’ ES is 1.34 [0.93, 1.76] with
1?=91% and PS =83%, while the outpatients’ ES is 1.02
[0.70, 1.34] with I>=86% and DPS=76%. Patients with
schizophrenia have a slower reactivity to stimuli than
normal cases and in particular there is a slight stronger
tendency of this to happen among the inpatients (4 out
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of 5 inpatients are probably found slower in their RT’s
with respect to 3 out of 4 outpatients).

Meta-regression

The ES for every type of analysis was correlated with
number of cases, sex distribution, and age of participants
of each group in order to identify the role of these struc-
tural variables in the identification of the between group
differences expressed in terms of ES.

e The number of cases has a significant effect on the
between group differences for the pre-morbid IQ,
the memory functioning (outpatients only), and the
attention measures (expressed in terms of reaction
time). We must remind that there is a wide and
generalized imbalance between group composition
for all cognitive variables examined in this meta-
analysis (Table 2).

e The composition by sex of the groups has a
significant effect on the between group difference
for the IQ measures, the memory functioning, the
language functioning, the executive function, and
the attention measures. In general, there is an
unbalance of sex composition between the SG and
CG groups (Table 2).

e The age of participants has a significant effect on
between group differences for the executive function
and the attention measures.

In particular, the between group difference on mea-
sures of pre-morbid IQ seems to be partially related
to the unbalance of number of cases in the two groups
(respectively increasing the number of SG patients de-
creases the ES, p<.04, while increasing the number of
CG cases increases it, p <.04). The magnitude of the ES
concerning the IQ measures seems to be related to the
differences in sex distribution, in particular for the SG
group (p <.003) where increasing the number of females
reduces the difference between SG and CG groups. The
memory functioning measures (outpatients only) show
that increasing the number of patients of the SG group
and the number of male cases of the CG decreases the
between group difference. For the language functioning
measures the increment of males in the CG increases
the between group difference (p <.05). For the executive
function measures the increasing of age of the CG
(p<.03) and the number of females patients of the SG
(p<.04) decreases the between group difference. The
measure of RT’s of inpatients shows that increasing the
number of the SG patients decreases the between group
difference (p<.04). The measures of RT’s in general
show that an increase of number of males of the CG
(p<.001) and the age of SG patients (p <.001) increases
the between group difference.
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All these results show that the reduction of the dis-
crepancies and the unbalance of composition of the
groups, together with the reduction of the heterogeneity,
could produce a parallel reduction of the magnitude of
the ES. For what is possible to see from our analysis,
despite this attenuation of effects, the present differences
would remain significant in most domains.

Conclusions

This updated version of the meta-analysis on cognitive
deficits of patients with schizophrenia evidenced by the
comparison with normal control cases, has confirmed
the stability of the results found in the previous work
[7]. These findings show a generalized presence of cog-
nitive impairment among the patients with schizophre-
nia. These results cannot be considered free of the
potential bias that only controlled studies with positive
results are available in the published evidence, while all
those with negative results are not traceable. The real
possibility of such a bias, should make us consider that
the results obtained in this meta-analysis might be, in
some degree, inflated by an underrepresentation of nega-
tive results.

Another problem is evidenced by the quality analysis
of the included studies. The methodological characteris-
tics of the studies on this cognitive impairment, could be
improved with a better control on the balance of num-
ber of cases, sex composition of the two groups, and, at
a less extent, age of participants. The balance of these
factors will take care of some of the structural dysfunc-
tional characteristics evidenced in this meta-analysis.

The identification of precise and replicable measure-
ment procedures is another of the requirements that have
demonstrated to be useful in reducing the methodological
heterogeneity of the present results. By means of the
standardization of methodology, the studies on cognitive
deficits of patients with schizophrenia might move, from
the current situation where they are mostly descriptive, to
the level where they could be of help in refining and con-
firming explanatory hypotheses concerning the character-
istics and the nature of the cognitive impairment.

In the course of the updating process of this meta-
analysis, various characteristics of the available data have
come to attention. It is of general knowledge that there is
a reduction of cognitive efficiency in patients with schizo-
phrenia, but it is important to consider that the intensity
of this reduction (evidenced by comparing patients’ results
to those of normal cases) is not sufficient to classify most
of the patients’ level of functioning below the normal lim-
its. As an example, the range of mean IQ level, found in
the studies concerning patients is 84—107 which indicates
that in general, the average intellectual abilities of the
groups of patients studied are not below the medium-low
level of classification. Analogous considerations could be



Fioravanti et al. BMC Psychiatry 2012, 12:64
http://www.biomedcentral.com/1471-244X/12/64

made about the memory efficiency and the other cognitive
areas explored, based on the magnitude of the effect sizes
obtained in the analyses.

All the elements evidenced in the discussion, converge
on the high heterogeneity found among the studies. A het-
erogeneity so high as that found in our results, shows that
there are diffuse and structural problems in considering
all the studies performed in this area of research as
belonging to the same class of studies. It is necessary to
reduce the heterogeneity to the only acceptable source in
this area of research, the clinical heterogeneity, dependent
on clinical and functional differences among patients clas-
sified in the same diagnostic area. In order to obtain this
simplification of heterogeneity, it is necessary to eliminate
or control for the other unwanted sources of heterogen-
eity, principally the methodological heterogeneity. This
could be obtained by developing and adopting a standar-
dized and consensus-based set of measurement proce-
dures and criteria for identification and selection of cases
for the groups to be studied. It is possible to foresee from
our results, that improving the methodological models
adopted for each study, there will be a reduction of the
heterogeneity and an attenuation of the differences com-
monly found between patients and normal subjects in
most of the cognitive domains. It seems likely from our
results that even if attenuated, in most cases, these differ-
ences will remain statistically significant.
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