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Background. Individuals with schizophrenia are at greater risk for metabolic syndrome (MetS) which is associated with
cognitive deficits in the general population. MetS might be potentially an important contributing factor to cognitive
impairment in schizophrenia.

Method. In the current systematic review and meta-analysis, the findings of 18 studies investigating the association
between MetS (and its components) with cognitive impairment in schizophrenia are reviewed.

Results. Co-morbidity of MetS (d = 0.28) and diabetes mellitus (d = 0.28) were both associated with more severe cognitive
deficits in schizophrenia. There was also evidence for a significant relationship between cognitive impairment in schizo-
phrenia and each of the components of MetS including hypertension, dyslipidemia, abdominal obesity and diabetes.

Conclusions. MetS is significantly associated with cognitive impairment in schizophrenia and can potentially contribute
to functional decline observed in some patients with schizophrenia throughout the course of illness.
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Introduction

Individuals with schizophrenia have higher rates of
cardiovascular risk factors compared to the general
population (Laursen et al. 2012; Mitchell et al. 2013a,
2013b). Metabolic syndrome (MetS) is defined as a clus-
tering of at least three of interrelated cardiovascular
risk-factor abnormalities, including abdominal obesity,
hyperglycemia, hypertension, high triglycerides or low
high-density lipoprotein (HDL) cholesterol levels
(Grundy et al. 2005). The Clinical Antipsychotic Trials
of Intervention Effectiveness (CATIE) study reported
the MetS prevalence in schizophrenia as 40.9% using
the National Cholesterol Education Program – Adult
Treatment Panel III criteria (NCEP-ATP-III) which is
significantly high compared to the general population
(McEvoy, 2005; NCEP 2001). The age-adjusted preva-
lence of MetS is 23% in the US general population
(Beltrán-Sánchez et al. 2013). The prevalence of type 2
diabetes mellitus (DM) in schizophrenia is also double
that of the general population (Stubbs et al. 2015).

MetS and its components are important risk factors
for developing cognitive impairment and dementia
(Biessels et al. 2006; Yaffe, 2007; van den Berg et al.
2009; Qiu & Fratiglioni, 2015). Schizophrenia is charac-
terized by significant cognitive impairment which con-
tributes to the functional deficit in this disorder (Bora
et al. 2010; Green, 2016). Neurodevelopmental abnor-
malities play an important role in cognitive impair-
ment in schizophrenia (Bora, 2015). Other authors
have argued that schizophrenia can be characterized
by a neurodegenerative process and progressive cogni-
tive decline (McGlashan & Fenton, 1993). However,
longitudinal studies in chronic and first-episode and
high-risk individuals have not found evidence of
ongoing cognitive decline in schizophrenia (Bora &
Murray, 2014; Szöke et al. 2008). While post-onset cog-
nitive decline is not a general feature of schizophrenia,
it still might be argued that progressive cognitive
decline might be evident in smaller subset of patients
in the context of non-illness-related factors including
MetS. Therefore, it is important to establish the poten-
tial contribution of MetS to cognitive deficits in schizo-
phrenia. The relationship of MetS and cognition has
received limited attention in patients with schizophre-
nia until recently. The CATIE study did not show any
relationship between the presence of MetS and cogni-
tive impairments in schizophrenia (Meyer et al. 2005).
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A subsequent report from the same sample suggested
that diabetes but not other components of MetS was
associated with cognitive deficits in schizophrenia
(Takayanagi et al. 2012). The findings of the CATIE
study also suggested an unexpected relationship
between elevated cholesterol and triglyceride levels
and better cognitive functioning (Nasrallah, 2015).
However, a number of studies reported a significant
relationship between MetS (and its components) and
cognitive impairment in schizophrenia (Dickinson
et al. 2008; Friedman et al. 2010; Lindenmayer et al.
2012). There are significant methodological differences
across studies investigating the effects of MetS compo-
nents on cognition in schizophrenia. Currently, it is not
clear whether or not cognitive deficits in schizophrenia
are specifically associated with some components of
MetS. It is also important to estimate the effect size
of cognitive deficits associated with MetS in schizo-
phrenia as the use of antipsychotics is one of the
important factors contributing to weight gain and
increased prevalence of MetS in schizophrenia.

Our aim was to systematically review, using
meta-analytic methods whenever possible, the avail-
able studies investigating the effect of MetS and its
components on cognition in schizophrenia. We
hypothesized that MetS and its components would
be significantly related to the severity of cognitive
deficits in schizophrenia.

Method

Study selection

PRISMA guidelines were used in conducting this
meta-analysis (Moher et al. 2009). A literature search
was conducted using the databases Pubmed,
PsycINFO and Scopus to identify the relevant studies
(January 1990 to June 2016) using the combination of
key words as follows: (schizophrenia) AND (‘meta-
bolic syndrome’ OR ‘diabetes’ OR ‘hypertension’
OR ‘obesity’ OR ‘dyslipidemia’) AND (cognition).
Reference lists of published reports were also reviewed
for additional studies. Inclusion criteria for the qualita-
tive part of the review were studies that: (1) examined
cognitive abilities in schizophrenia/schizoaffective dis-
order; (2) investigated the effect of MetS or its compo-
nents [abdominal obesity/body mass index (BMI),
diabetes/hyperglycemia, hypertension/increased sys-
tolic pressure, increased triglyceride levels, low HDL
(or high low-density lipoprotein (LDL))]. For the quan-
titative part of the review (meta-analysis), there were
additional inclusion criteria: (1) reported sufficient
data to calculate the effect size and S.E. of the
neuropsychological measure including results of para-
metric statistics (i.e. t and F values); (2) compared the

performances of patients with schizophrenia with
and without MetS (or components); (3) minimum of
four studies meeting inclusion criteria being available
for meta-analysis of cognitive domains for each of
the group comparisons [i.e. schizophrenia with and
without MetS component of interest (or MetS)].

The selection process is summarized in Fig. 1. Three
studies were excluded as their samples were overlap-
ping with other studies included. A total of 18 studies
including two conference papers were included in the
qualitative part of the current systematic review and
12 of these studies were included in the meta-analysis
(Table 1). Two conference reports were excluded from
the quantitative part of the review (Nasrallah, 2015;
Botis et al. 2016). Two other studies were not included
in the quantitative review as they did not report suffi-
cient data to calculate effect sizes. We contacted authors
of these papers but we were not able to obtain this data
from the authors (Wysokiński et al. 2013; Goughari et al.
2015). Two other studies were not included in the
meta-analysis as there was no sufficient number of stud-
ies to conduct a meta-analysis for the effect of compo-
nent of MetS reported in these studies (Friedman et al.
2010; Guo et al. 2013). In remaining 12 studies, we
were able to conduct meta-analyses for neurocognitive
studies comparing performances of schizophrenia
patients with (n = 854) and without (n = 1389) MetS and
with (n = 518) and without (n = 2379) DM. It was not pos-
sible to conduct meta-analyses for the effects of
co-morbidity of hypertension, obesity, and dyslipide-
mia due to a small number of studies available. Five
of the included studies investigated relative contribu-
tions of components of MetS on cognition in schizo-
phrenia through multivariate regression analyses
and we also reviewed the findings of these studies.

Statistical analyses

When available, overall cognitive test score was used as
a measure of general cognition. In other studies, an
effect size for general cognition was calculated by aver-
aging effect size of individual cognitive domains. The
same method was also used to calculate effect size of
cognitive domains if more than one cognitive variable
was available for a cognitive domain. Cognitive
domains included in the current review were memory,
processing speed, attention, executive function, working
memory and verbal fluency (see Supplementary
Table S1 for cognitive tests under each domain).

Meta-analyses were performed using packages in
the R environment (OpenMetaAnalyst, Metafor)
(Viechtbauer, 2010; Wallace et al. 2012). Effect sizes
were weighted using the inverse variance method
and a random-effects model (DerSimonian–Laird esti-
mate) (p value for significance <0.05). Homogeneity
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of the distribution of weighted effect sizes was tested
with the Q test. Tau-squared (τ2), an estimate of
between-study variance, was used as a measure of
the magnitude of heterogeneity in the random-effects
model. The possibility of publication bias was assessed
with funnel plots and Egger’s test. The significance
threshold of Egger’s test was defined as p = 0.1 due to
the small number of studies included. Subgroup ana-
lyses were performed for studies that were statistically
matched for gender and for studies that explicitly
assured the inclusion of type 2 DM.

Results

Quantitative findings

MetS

There was a significantly smaller percentage of males
in the schizophrenia +MetS group compared to other
schizophrenia patients [64.9% v. 75.6%, relative-risk

(RR) 0.92, 95% confidence interval (CI) 0.86–0.98, p <
0.001]. Individuals with schizophrenia and MetS were
significantly older (d = 0.21, 95% CI 0.10–0.33, Z = 3.6,
p < 0.001) compared to other patients with schizophre-
nia. The groups were well matched for the duration of
education (d = 0.04, 95% CI −0.21 to 0.30, Z = 0.33, p =
0.74). There were no significant between-group differ-
ences for the severity of positive (d = 0.03, 95% CI
−0.09 to 0.16, Z = 0.53, p = 0.59) and negative (d = 0.06,
95% CI −0.06 to 0.18, Z = 1.0, p = 0.31) symptoms.

Global cognition was significantly impaired in
patients with schizophrenia +MetS compared to other
patients with schizophrenia (d = 0.28, 95% CI 0.12–
0.44) (Table 2) (Fig. 2). The effect size for the impair-
ment in global cognition was larger in a subgroup ana-
lysis of studies that were statistically matched for
gender (d = 0.36, 95% CI 0.23–0.48). In meta-analyses
of individual cognitive domains, patients with schizo-
phrenia +MetS performed significantly worse than
other patients with schizophrenia in memory (d = 0.39,

Fig. 1. Flow diagram for systematic review of studies investigating the effects on metabolic syndrome and its components on
cognition in schizophrenia (from Moher et al. 2009; doi:10.1371/journal.pmed1000097). For more information visit www.
prisma-statement.org.
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Table 1. Characteristics of the studies included in the current systematic review and meta-analysis

Study Sample Diagnosis
Age,
years

Male
ratio (%) Cognitive measures

Metabolic
variables

MetS
prevalence AP

Duration of
illness

Botis et al. (2016) 54 Sch 40.8 0 BACS MetS,
Components

52.0%

Boyer et al. (2013) 168 Sch DSM-IV-TR 36.6 73.8 List learning, TMT, Stroop, Category MetS 27.4% 87% SGA 12.1 years
Fluency, D2 attention, digit symbol ATP-III

de Nijs et al. (2016) 246 Sch DSM-IV 31.0 87.0 IQ, verbal memory, CPT, digit symbol MetS 42.3% 91% on AP 8 years
IDF 8.5% FGA

Most SGA
Depp et al. (2014) 417 Sch DSM-IV 50.1 65.9 Category fluency, CPT, verbal HT, DM, BMI 81% SGS 30 years

Learning, TMT, WCST, LNS, Digit
symbol

18% FGA

Dickinson et al. (2008) 673 Sch DSM-IV 41.6 66.5 RBANS DM
Friedman et al. (2010) 100 Sch DSM-IV 47.3 63.0 List learning, TMT, LNS, category

fluency
HT, BMI

Goughari et al. (2015) 68 Sch/SA DSM-IV 42.4 67.6 ToL, verbal fluency, digit symbol,
Digit sequencing, list learning

MetS ATP-III 16.1 years
Components

Guo et al. (2011) 196 Scha DSM-IV 43.6 56.4 WMS, Digit symbol, WCST, TMT,
Digit span

DM 7.7 years

Guo et al. (2013) 896 Scha DSM-IV 27.5 55.0 WMS, Digit symbol, WCST, TMT,
Digit span

BMI 73.5% SGA 2.1 years
26.5% FGA

Hadhoud & Fouad (2013) 60 Sch DSM-IV 53.9 65.0 RBANS DM 78.3% SGA 12.0 years
21.7% FGA

Li et al. (2014) 388 Sch CCMD-3 42.3 46.9 RBANS MetS 46.4% Most SGA 13.2 years
CDS

Lindenmayer et al. (2012) 159 Sch/SA DSM-IV 43.5 89.0 MCCB-MATRICS MetS 43.4% All on AP Each over
5 yearsATP-III

Meyer et al. (2005),
Takayanagi et al. (2012),
Nasrallah (2015)

1231 Sch DSM-IV 40.6 74.0 Working memory, processing MetS 35.8% All on AP 14.4 years
Speed, CPT, verbal memory,
reasoning

Components ATP-III

Micoulaud-Franchi et al. (2015) 51 Sch DSM-IV-TR 36.0 80.4 List learning, TMT, Stroop, Category MetS 27.5% 86.3% SGA 13.1 years
Fluency, D2 attention, digit symbol ATP-III

Wysokińsi et al. (2013) 46 Sch ICD-10 31.7 76.1 Digit symbol, Stroop, Verbal and
visual memory, CPT

MetS 58.7% Mostly SGA 8.8 years
Components IDF

Zhang et al. (2015) 263 Sch DSM-IV 51.6 73 RBANS DM 76% SGA 26.4 years
24% FGA
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95% CI 0.09–0.69), attention (d = 0.40, 95% CI 0.12–
0.68), processing speed (d = 0.21, 95% CI 0.13–0.30)
and executive function (d = 0.17, 95% CI 0.06–0.27).
The distribution of effect sizes for each of these cogni-
tive domains were heterogeneous for global cognition
(I2 = 59%, τ2 = 0.03), memory (I2 = 88%, τ2 = 0.11), and
attention (I2 = 80%, τ2 = 0.07). Inspection of funnel
plots and Egger’s tests found evidence of publication
bias for attention, memory and global cognition.
There were very slight reductions in estimated effect
sizes in between-group differences for global cognition
and memory in trim-and-fill analyses (Table 2).

There was insufficient number of studies to conduct
meta-analyses to investigate the effects of MetS on
working memory and verbal fluency in schizophrenia.
Two studies reported a negative effect of MetS on ver-
bal fluency (Boyer et al. 2013; Micoulaud-Franchi et al.
2015). Lindenmayer et al. (2012) but not Meyer et al.
(2005) found a significant relationship between working
memory impairment and MetS (see Supplementary
Table S2).

Diabetes mellitus

There was a significantly a smaller percentage of males
in the schizophrenia + DM group compared to other
schizophrenia patients (63.2% v. 72.2%) (RR 0.90, 95%
CI 0.83–0.97, p < 0.001). Global cognition was signifi-
cantly impaired in patients with schizophrenia + DM
compared to other patients with schizophrenia (d =
0.28, 95% CI 0.18–0.38) (Table 2) (Fig. 3). The effect
size for the impairment in global cognition was similar
in a subgroup analysis of studies that were statistically
matched for gender (d = 0.30, 95% CI 0.05–0.56). The
severity of cognitive impairment in studies that clearly
assured the inclusion of type 2 DM only (d = 0.27, 95%
CI 0.07–0.47) were not significantly different compared
to level of impairment (d = 0.29, 95% CI 0.17–0.41) in
other studies (Qbet = 0.02, p = 0.89).

In meta-analyses of individual cognitive domains,
patients with schizophrenia + DM performed signifi-
cantly worse than other patients with schizophrenia
in memory (d = 0.19, 95% CI 0.06–0.32) and processing
speed (d = 0.44, 95% CI 0.33–0.55). The distributions of
effect sizes for each of these cognitive domains were
homogenous (Table 2). There was no evidence of pub-
lication bias.

Two of these studies included in the meta-analysis
investigated the relationship between cognitive deficits
and diabetes-related parameters (duration and age of
onset). Both of these studies found a significant rela-
tionship between cognitive deficits and longer dur-
ation and younger onset of DM (Dickinson et al.
2008; Guo et al. 2011). In another study, poor control
of DM as measured by HbA1c was negativelyT

ab
le

1
(c
on
t.)

St
ud

y
Sa

m
pl
e

D
ia
gn

os
is

A
ge

,
ye

ar
s

M
al
e

ra
tio

(%
)

C
og

ni
tiv

e
m
ea
su

re
s

M
et
ab

ol
ic

va
ri
ab

le
s

M
et
S

pr
ev

al
en

ce
A
P

D
ur
at
io
n
of

ill
ne

ss

E
xc
lu
d
ed

st
ud

ie
s

R
ea
so
n

B
oy

er
et

al
.(
20
14
)

Sa
m
pl
e

O
ve

rl
ap

H
an

et
al
.(
20
13
)

Sa
m
pl
e

O
ve

rl
ap

L
an

co
n
et

al
.(
20
12
)

Sa
m
pl
e

O
ve

rl
ap

M
or
ga

n
et

al
.(
20
14
)

M
ix
ed

Sc
h
bp

R
as
hi
d
et

al
.(
20
13
)

M
ix
ed

Sc
h
co
n

M
et
S,

M
et
ab

ol
ic

sy
nd

ro
m
e;

Sc
h,

sc
hi
zo

ph
re
ni
a;

A
P,

an
tip

sy
ch

ot
ic
;B

A
C
S,

Br
ie
f
A
ss
es
sm

en
t
of

C
og

ni
tio

n
in

Sc
hi
zo

ph
re
ni
a;

TM
T,

Tr
ai
l
m
ak

in
g
te
st
;A

TP
-I
II
,N

at
io
na

l
C
ho

le
st
er
ol

E
du

ca
tio

n
Pr
og

ra
m

–
A
du

lt
Tr
ea
tm

en
t
Pa

ne
l
II
I
cr
ite

ri
a;

SG
A
,s
ec
on

d-
ge

ne
ra
tio

n
an

tip
sy
ch
ot
ic
;C

PT
,C

on
tin

uo
us

Pe
rf
or
m
an

ce
te
st
;I
D
F,

In
te
rn
at
io
na

l
D
ia
be

te
s
Fe

de
ra
tio

n;
FG

A
,

fi
rs
t-
ge

ne
ra
tio

n
an

tip
sy
ch

ot
ic
;W

C
ST

,W
is
co
ns
in

C
ar
d
So

rt
in
g
te
st
;L

N
S,

Le
tt
er

N
um

be
r
se
qu

en
ci
ng

;H
T,

hy
pe

rt
en

si
on

;D
M
,d

ia
be

te
s
m
el
lit
us

;B
M
I,
bo

dy
m
as
s
in
de

x;
R
BA

N
S,

R
ep

ea
ta
bl
e
Ba

tt
er
y
fo
r
th
e
A
ss
es
sm

en
t
of

N
eu

ro
ps
yc
ho

lo
gi
ca
l
St
at
us

;W
M
S,

W
ec
hs
le
r
m
em

or
y
sc
al
e;

C
C
M
D
-3
,C

hi
ne

se
C
la
ss
ifi
ca
tio

n
of

M
en

ta
l
D
is
or
de

rs
V
er
si
on

3;
C
D
S,

C
hi
ne

se
D
ia
be

te
s
So

ci
et
y;

a
In
cl
ud

in
g
sc
hi
zo

ph
re
ni
fo
rm

.

1034 E. Bora et al.

https://doi.org/10.1017/S0033291716003366 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291716003366


associated with cognition in males with schizophrenia
(Zhang et al. 2015).

There was no sufficient number of studies to conduct
meta-analyses for investigating the effects of DM on
executive function, attention, working memory and
verbal fluency in schizophrenia (Supplementary
Table S2). A few studies reported more impaired
executive function and attention in schizophrenia +
DM patients compared to other schizophrenia patients
(Guo et al. 2011; Takayanagi et al. 2012).

Qualtitative findings

Hypertension

Two of three studies (Friedman et al. 2010; Depp et al.
2014; Botis et al. 2016) that investigated the relationship
between hypertension and cognitive impairment in
schizophrenia reported more severe cognitive impair-
ment in individuals with schizophrenia + hypertension
compared to other patients (Supplementary Table S2).
Paradoxically, Wysokiński et al. (2013) reported better
cognitive abilities in patients with schizophrenia and
high systolic blood pressure compared to other
patients. However, this study has not reported cogni-
tive abilities in the subgroup of patients receiving anti-
hypertensives and findings might be confounded by
the very high incidence of dyslipidemia in the overall
sample (40 of 46 patients).

Abdominal obesity and BMI

Two of three studies that investigated the relationship
between obesity and cognitive impairment in schizo-
phrenia (Guo et al. 2013; Wysokiński et al. 2013; Depp
et al. 2014) reported that schizophrenia patients with
co-morbid obesity had performed significantly worse
than other patients with schizophrenia (Supplementary
Table S2). BMI itself was not significantly correlated
with cognitive deficits in these studies.

Dyslipidemia

Two studies (Wysokiński et al. 2013; Botis et al. 2016)
found that patients with dyslipidemia had more cogni-
tive deficits in several domains including executive
function, verbal memory and attention than other
schizophrenia patients (Supplementary Table S2).

Multivariate regression analyses and relative effects of MetS
components on cognitive impairment

Five studies reported multivariate regression analyses
exploring effects of components of MetS of cognitive
functions in schizophrenia (Table 3). Each of the com-
ponents of MetS was found to make a significant con-
tribution to cognitive impairment above and beyondT
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the effect of other components of MetS in at least one
study. High triglyceride level was a significant pre-
dictor in three studies, hypertension and abdominal
obesity in two studies, hyperglycemia and high LDL
in one study. There was a significant variance for
the percentage of individual MetS components across
studies.

Discussion

The current qualitative and quantitative systematic
review was undertaken to appraise and synthesize
the available evidence regarding effects of MetS and

its components on cognition in schizophrenia. The
quantitative part of the review suggests that schizo-
phrenia patients with co-morbid MetS or DM have
significantly more severe cognitive deficits compared
to other patients with schizophrenia. In the qualitative
part of the review, there was evidence for a relation-
ship between each of the components of MetS and cog-
nitive impairment in schizophrenia.

The effect sizes for the effect of both MetS (d = 0.28)
and DM (d = 0.28) on overall cognitive impairment
and on individual cognitive domains (d = ranging
from 0.17 to 0.44) in schizophrenia were small but
are likely to be clinically relevant. Cognitive

Fig. 3. Forest plot of cognitive differences between schizophrenia patients with and without diabetes mellitus.

Fig. 2. Forest plot of cognitive differences between schizophrenia patients with and without metabolic syndrome.

Table 3. Studies reporting multiple regression analyses between cognitive abilities and components of metabolic syndrome

Study Sample
Hypertension/high systolic
pressure

Hyperglycemia/diabetes
mellitus

Abdominal
obesity

High
TG

HDL/
LDL

Boyer et al. (2013) 168 Sch No No Yes Yes No
Goughari et al.
(2015)

68 Sch Yes (fluency, memory) No (opposite) No No No

Li et al. (2014) 388 Sch Yes No No Yes No
Lindenmayer et al.
(2012)

159 Sch No No Yes Yes Yes

Takayanagi et al.
(2012)

1289
Sch

No Yes No No No

Sch, Schizophrenia; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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impairment in schizophrenia is characterized by defic-
its with large effect sizes in executive function, mem-
ory, processing speed, attention, working memory
and social cognition (Mesholam-Gately et al. 2009;
Bora et al. 2010; Bora & Pantelis, 2013; Savla et al.
2013). While most of the cognitive deficits in schizo-
phrenia are likely to be related to neurodevelopmental
abnormalities (Bora, 2015), current findings suggest
that MetS and its components might contribute to fur-
ther cognitive decline in some patients with schizo-
phrenia. However, it is important to note that
cognitive deficits can also contribute to higher preva-
lence of MetS and its components in schizophrenia
rather than being a consequence of them as neurodeve-
lopmental cognitive deficits can lead to poor decision
making and unhealthy lifestyle. Moreover, it is import-
ant to consider the potential role of confounders which
can exacerbate the association between MetS and cog-
nitive impairment including between-group differ-
ences in medications (i.e. clozapine), illness severity
and socioeconomic factors. Unfortunately, it is not pos-
sible to exclude the contribution of such factors due to
lack of reported information. On the other hand, there
are also several factors that can mask the full extent of
negative effects of MetS on cognition in schizophrenia.
One of these factors is the gender imbalance for MetS.
In schizophrenia, MetS is more common among
females than males. For example, in the CATIE
study, MetS prevalence was 51.6% in females com-
pared to 36.0%, for males (McEvoy, 2005). This is an
important confounder as male gender is associated
with more severe cognitive deficits in schizophrenia
(Leung & Chue, 2000; Bora et al. 2009). The only
study that found no significant effect of MetS on cogni-
tion in schizophrenia (Meyer et al. 2005) had signifi-
cantly more females in the schizophrenia +MetS
group. Importantly, the distribution of effect sizes for
cognitive differences between patients with and with-
out MetS across studies was no longer heterogeneous
in the subgroup analysis of gender-matched studies.
Another factor that can minimize our ability to detect
the true extent of the negative effect of MetS on cogni-
tion is the categorical nature of MetS criteria. In studies
included in this systematic review, schizophrenia
patients without MetS include many patients who
met one or two MetS criteria. For example, in Boyer
et al. (2013), 45% of patients meeting one or two criteria
were members of the schizophrenia without MetS
group. Similarly, in studies comparing schizophrenia
with and without DM, many patients in the
without-DM group have other components of MetS.
Therefore, in future studies, it is important to compare
cognitive abilities in schizophrenia patients with
co-morbidity of MetS and its individual components
with patients who have none of the individual

components of MetS. On the other hand, longitudinal
studies investigating effects of the development of
MetS and its components starting from early years of
the psychotic disorder can help to disentangle cause
and effect and can differentiate the characteristics of
cognitive deficits that predates the onset of MetS
from the cognitive impairment that develops as a con-
sequence of cardiovascular risk factors. The potential
role of neurochemical mediators such as leptin on cog-
nitive impairment associated with cardiovascular risk
factors has been also advocated (Farr et al. 2015).

Another consideration is the relative importance of
individual components in MetS in explaining the rela-
tionship between cardiovascular risk factors and cogni-
tive impairment in schizophrenia. It was not possible
to estimate effect sizes for the association between cog-
nitive impairment in schizophrenia and hypertension,
obesity and dyslipidemia due to the small number of
studies available. However, multivariate regression
analyses in five studies explored the relative contribu-
tions of individual components of MetS on cognition in
schizophrenia. The most commonly significant pre-
dictor in these studies was elevated triglyceride level,
followed by abdominal obesity and hypertension. On
the other hand, DM was the most significant predictor
of cognitive impairment in schizophrenia in the largest
of the available studies. Multicollinearity might be an
important factor to understand negative findings for
some of the MetS components to be a significant pre-
dictor in some studies but not others as individual
components of MetS are highly correlated with each
other. Between-study differences for the prevalence
rate of individual MetS components and their
co-occurrence rate with other components can explain
the variability of best predictor of cognitive impair-
ment in schizophrenia. Current evidence suggests
that each of the individual components of MetS,
which are well-established risk factors for atheroscler-
osis, might have a negative effect on cognition in
schizophrenia. These cognitive deficits are most likely
related to metabolic changes associated with micro-
and macro-cerebrovascular alterations leading to struc-
tural and functional abnormalities in the brain. Indeed,
a recent comprehensive review suggested that all car-
diovascular risk factors including hypertension, DM,
increased adiposity, and hyperlipidemia are independ-
ently associated with changes in brain imaging includ-
ing abnormalities in white-matter microstructure and
functional connectivity, gray-matter reductions and
white-matter hyperintensities (Friedman et al. 2014).

These findings might have potential implications for
management of patients with schizophrenia. In the gen-
eral population, evidence suggests that weight-reduction
programs and bariatric surgery can improve cognition
(Siervo et al. 2011; Handley et al. 2016). Similar trials
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should be considered to be designed for schizophrenia
to test the effectiveness of a similar approach in improv-
ing cognition in these patients.

The current systematic review has a number of lim-
itations. The cross-sectional nature of the studies
involved is an important consideration for establishing
the nature of the relationship between MetS and cogni-
tive deficits in schizophrenia. The number of studies
available were small, especially for some individual
components of MetS. Some cognitive domains were
not investigated at all (i.e. social cognition) or others
were investigated by a smaller number of studies.
The heterogeneity of cognitive tasks used to assess cog-
nitive domains is another consideration. Many studies
did not include data regarding other variables which
can contribute to cardiovascular risks such as alcohol
use and physical exercise levels.

In conclusion, our findings suggest that there is con-
sistent evidence for significant relationship between
cognitive impairment in schizophrenia and MetS and
its components.

Supplementary material

The supplementary material for this article can be
found at https://doi.org/10.1017/S0033291716003366.
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