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Objective: Increasingly, studies have identified abnor-
malities in the functional connectivity (FC) of large-
scale neural networks in early psychosis, but the findings 
thus far have been inconclusive. Therefore, the aim of 
this study was to identify robust alterations in FC of the 
default mode (DMN), salience (SN), and central exec-
utive networks (CEN), in patients with first-episode psy-
chosis (FEP) using a meta-analytic approach. Methods: 
Included studies were required to be resting-state, seed-
to-whole brain, FC neuroimaging studies, comparing 
FEP patients to healthy controls (HC), with seeds within 
the boundaries of the region-of-interest networks. Peak 
effect coordinates and peak t, z, or p values were meta-
analyzed using Seed-based d Mapping software. Results: 
The DMN seeds primarily displayed within-network 
hypoconnectivity (largest clusters including the middle 
orbital gyrus; and ventral anterior cingulate gyrus). The 
SN seeds displayed hypoconnectivity with regions in the 
DMN and CEN (largest clusters located in the bilateral 
middle temporal gyri). Review of the limited CEN data 
revealed hypo- and hyperconnectivity across the networks. 
Negative symptoms were positively correlated with all 
DMN FC abnormalities in the FEP group. Antipsychotic-
treated patients displayed greater hypoconnectivity than 
antipsychotic-naïve patients between both the DMN/SN 
seeds and prefrontal regions. Conclusions: These findings 
provide substantial evidence of widespread resting-state 
FC abnormalities of the DMN, SN, and CEN in early 
psychosis; particularly implicating DMN and SN dyscon-
nectivity as a core deficit underlying the psychopathology 
of psychosis. Additionally, we highlight the importance of 
disentangling connectivity abnormalities resulting from 
disease processes, from those that result from antipsy-
chotic treatment.

Keywords:  psychosis/first episode/dysconnectivity/ 
connectivity/functional connectivity/networks

Introduction

Thus far, localized neurofunctional abnormalities have 
failed to fully account for the complex clinical presenta-
tion of psychosis.1 This has stimulated research into the 
integration of brain regions that have traditionally been 
considered functionally segregated.2–4 One approach to 
describe the extent of this integration is functional con-
nectivity (FC). FC, the focal outcome measure in this 
meta-analysis, refers to the temporal relationship between 
functional activity in distinct brain regions or networks, 
either at rest or during a task.5

Neural networks of interest in psychosis include the 
default mode network (DMN), involved in internally 
directed thought processes, autobiographical memory, 
and conceiving others’ perspectives6; the central exec-
utive network (CEN), involved in higher level cognitive 
functions, attention, and external task performance7; and 
the salience network (SN), involved in the integration 
of sensory, emotional, and cognitive information, and 
the appropriate assignment of salience to these external 
and internal stimuli.8 The normal functioning of these 
networks is understood to depend on the appropriate 
“switching” between the anti-correlated CEN and DMN 
processes.9,10 In turn, this switching of engagement be-
tween the task positive (CEN) and task negative (DMN) 
states is thought to be mediated by the anterior insula 
(AI), a core node of the SN, when a salient internal or 
external event is detected.9,10

Abnormalities in the dynamic balance between these 3 
networks have been proposed as a potential explanation 
for much of the core psychopathology of psychosis.11,12 
All 3 networks have been found to display aberrant FC 
with the rest of the brain at different stages of psychotic 
illness, with varying consistency.1,3,13,14 One of the key find-
ings is that such abnormalities differ over the course of 
the illness,15 and as a result of treatment.16 It follows that 
investigations in the early stages of psychosis are required 

mailto:sagnik.2.bhattacharyya@kcl.ac.uk?subject=


580

O’Neill et al

to elucidate the abnormalities that underlie psychosis at 
onset, while limiting the confounding effects of disease 
progression and prolonged exposure to treatment.

Only one review thus far has explored FC abnormalities 
in first-episode psychosis (FEP), identifying a decrease 
in connectivity overall in FEP patients compared with 
healthy controls (HCs).3 However, as it was a systematic 
review, it did not formally assess the strength of the find-
ings. Additionally, the inclusion of only a modest number 
(N = 7) of relevant studies, and methodological hetero-
geneity between the studies, limits confidence in their 
findings. Therefore, we aimed to conduct a meta-analysis 
of seed-based resting-state FC studies, to quantitatively 
summarize abnormalities in resting-state connectivity in 
FEP patients, and delineate the role of large-scale brain 
networks in early psychosis. An additional aim was to 
explore the effects of antipsychotic treatment on FC 
abnormalities in FEP, by comparing groups of antipsy-
chotic-treated and antipsychotic-naïve FEP patients, an 
objective that is challenging within the context of an indi-
vidual study. Furthermore, we also aimed to investigate 
any associations between network FC abnormalities and 
symptomology in the FEP groups.

Given the challenges in reconciling the results of the 
included studies into a rational paradigm for network FC, 
we decided to initially organize seed regions into groups 
of functional networks, using a previously described 
theoretically informed strategy for categorization based 
on coordinate locations.17 We then performed statisti-
cal analyses of the FC outcomes for each network and 
the rest of the whole brain based on this categorization. 
We hypothesized that for each network of interest, FEP 
patients would display distinct patterns of both hypo- and 
hyperconnectivity within- and between-networks, with an 
overall trend toward hypoconnectivity rather than hyper-
connectivity.3,18 Additionally, we hypothesized that these 
patterns would differ between antipsychotic-treated and 
antipsychotic-naïve patients and that there would be a 
positive correlation between the severity of symptoms 
and FC abnormalities.

Materials and Methods

Search Strategy

Following PRISMA19 and MOOSE20 guidelines, 2 inves-
tigators (A.O’N., and S.B.) searched the online database 
PubMed on the 6th of June 2017, with no restrictions 
on time of publication previous to that date. The search 
terms used were: (“early” OR “first episode”) AND 
(“schizophrenia” OR “psychosis”) AND (“connectiv-
ity” OR “dynamic causal modelling”) AND (“fMRI” 
OR “functional magnetic resonance imaging” OR “func-
tional neuroimaging”). We then manually searched the 
bibliographies of the included articles, and contacted the 
corresponding authors of the studies already identified, 
to identify any additional studies.

Selection Criteria

Articles were included if  they met the following criteria:

 • Original peer-reviewed data-based manuscript.
 • Patients met standardized diagnostic criteria (eg, 

DSM,21 ICD,22 OPCRIT23) for FEP (schizophrenia 
spectrum psychoses [schizophrenia, schizoaffective, 
and schizophreniform] and affective psychoses [bipolar 
psychosis and psychotic depression]).

 • Included a HC group.
 • Employed seed-to-whole brain, resting-state, FC MRI 

methods.
 • Seeds were within DMN, SN, or CEN boundaries.
 • Either reported any Talairach (TAL) or Montreal 

Neurological Institute (MNI) peak effect coordinates 
and corresponding t, z, or P values that were signifi-
cant at the whole-brain level, or reported no significant 
findings.

Articles were excluded if  they did not meet the above 
criteria; peak coordinates and/or t, z, or P values were 
not available even after contacting the authors; or if  they 
primarily investigated the effects of medication/drug use/
therapeutic intervention on FC. Where multiple publica-
tions used the same data set and identical seed ROIs, only 
the original study was included.

Data Extraction and Coding

Information including the seed ROIs, peak coordinates 
of each significant between-group effect for each seed 
ROI, as well as additional study-specific information were 
extracted from each study (supplementary eMethods). 
Where only z or p values for the effect peaks were avail-
able, these were converted into t values.

Seed Network Parcellation

Based on the location of the seed coordinates, each seed 
ROI from each study was organized into 1 of 3 seed net-
works (DMN, CEN, or SN). Seed network definition 
described in the supplementary eMethods.

Seed-Based d Mapping

Meta-analysis was performed using Seed-Based d Mapping 
(SDM) software v5.14 (http://www.sdmproject.com/, 
accessed April 15, 2018),24 a well-validated method for 
meta-analyses.25–27 As the general SDM methods have been 
described in detail elsewhere,24 they are only briefly summa-
rized here, along with the specific adaptations made here for 
meta-analysis of network FC (supplementary eMethods).

Once assigned to a seed network, each individual seed 
ROI was treated as a separate study, with its own corre-
sponding sample, and reported peak effects/no reported 
peak effects (identified in the original studies). As SDM 
allows both positive and negative values in the same map, 
seeds for which there were no significant peak effects 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
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were also included. A separate SDM meta-analysis was 
then performed for each seed network, and Monte Carlo 
randomizations were used to create a null distribution of 
SDM-Z values at the whole-brain level.

Results were thresholded at a voxel-wise uncorrected 
value of P < .005. Previous studies have shown that such 
a threshold, given the context of the current method 
involving multiple randomizations, is equivalent to a cor-
rected P value of 0.05.27

The resultant peak effects were identified and labeled 
using their MNI coordinates and the Atlas of the Human 
Brain.28

Sensitivity Analysis, Heterogeneity, and 
Publication Bias

Robustness of results was tested using jack-knife sensitivity 
analysis; between-study heterogeneity and publication bias 
were tested using visual inspection of the maps of between-
study heterogeneity and Egger tests (supplementary  
eMethods).

Meta-regressions and Subgroup Analyses

Relationships between positive, negative, and general symp-
tomology (indexed using the PANSS rating scale), and the 
peak effects identified in the DMN analysis were examined 
using meta-regressions. Effect of antipsychotic treatment 

was investigated using subgroup analyses and direct compar-
isons between antipsychotic-treated, and antipsychotic-naïve 
FEP groups. All results were thresholded at a voxel-wise un-
corrected value of P < .005, as per the main analyses.27

Results

Results of Search and Network Parcellation

Although not screened on the basis of language, all stud-
ies included were in English. Of 124 articles initially identi-
fied, 11 were included in the final analyses (figure 1). Overall, 
there were 526 participants in the combined HC groups, and 
420 participants in the combined patient groups. There were 
406 FEP participants, and 383 HC in the DMN; 340 FEP 
participants, and 416 HC in the SN; and 34 FEP partici-
pants, and 34 HCs in the CEN analyses. Participant demo-
graphics and clinical characteristics are described in table 1.

The network parcellation approach grouped the seed coor-
dinates from each study into separate functional networks, 
resulting in 11 SN seed ROIs, 10 DMN seed ROIs, and 2 
CEN seed ROIs (table 2). Only one study reported no signifi-
cant connectivity differences between FEP and HC groups.35

Main Results

For the DMN meta-analysis, clusters displaying hypo-
connectivity with DMN seeds in FEP relative to HC, sur-
viving jack-knife sensitivity analyses, were identified in 

Fig. 1. PRISMA flow-chart depicting the study selection process, and the number of studies either included or excluded at each stage.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
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the medial orbital, inferior frontal and superior temporal 
gyri, and cerebellum on the left side, and right ventral and 
dorsal anterior cingulate gyri. One cluster, located in the 
right inferior semi-lunar cerebellar lobule, displayed sig-
nificant hyperconnectivity with the DMN seeds in FEP 
relative to HC (table 3, figure 2).

For the SN meta-analysis, clusters displaying hypocon-
nectivity with SN seeds in FEP relative to HC, surviving 
jack-knife sensitivity analyses, were identified in the mid-
dle temporal gyrus bilaterally, left planum polare, right 
middle frontal and left superior frontal gyri, and right 
cerebellum/culmen. Additionally, hyperconnectivity with 
SN seeds was identified in the occipital, superior and pos-
terior transverse temporal, and the superior frontal gyri 
in FEP relative to HC (table 3, figure 2).

As the number of CEN seed ROIs was limited, we sum-
marized these results qualitatively. Clusters displaying 
hypoconnectivity with the CEN seeds (located in the bilat-
eral DLPFC) in FEP patients relative to HC were located 
in the parietal cortex, posterior cingulate cortex, striatum, 
and thalamus. Instances of hyperconnectivity were also 
observed between the left DLPFC CEN seed and the mid-
posterior temporal lobe and paralimbic regions (orbito-
frontal gyrus and insula), in FEP relative to HC.

Sensitivity, Heterogeneity, and Publication Bias Tests

No between-study heterogeneity was observed for the 
DMN analysis. For the SN analysis, between-study heter-
ogeneity was present in the bilateral middle temporal and 
the right middle frontal gyri.

For the DMN analysis, 1 of the 8 identified peak effects 
did not survive jack-knife sensitivity analysis. For the SN 
analysis, all 10 identified peaks survived the sensitivity 
analyses (for all peak effects before sensitivity testing, see 
supplementary eTables 1 and 2).

Significant publication bias was not observed for either 
the DMN or the SN analyses (p > 0.05 for all significant 
peak effects, table 3).

Meta-regressions and Subgroup Analyses

The DMN subgroup analysis of studies that included 
patients currently being treated with antipsychotic med-
ication (medFEP, N  =  6), compared with HC, revealed 
between-group differences comparable to the main anal-
ysis (supplementary eTable 3). In contrast, the DMN sub-
group analysis of studies including only antipsychotic 
naïve patients (nomedFEP, N = 4), relative to HC, did not 
identify any of the peaks identified in the main analysis 

Table 2. Summary of Seed Networks and Anatomical Regions of Studies Included in Meta-analysis

Study Seed
DMN
(FEP = 406; HC = 383)

SN
(FEP = 340; HC = 416)

CEN
(FEP = 34; HC = 34)

Alonso-Solis et al29 dMPFC X
PCC X
TPJ X

Anticevic et al30 Amygdala X
Duan et al31 L. hippocampus X

R. hippocampus X
Fornito et al32 Dorsal caudate X

Sup. ventral caudate X
Inf. ventral caudate X

Guo et al33 L. MPFC X
R. dACC X

Li et al34 R. OFC X
Lui et al35 R. dACC X

R. MTG X
Penner et al36 L. insula X

R. insula X
MPFC X

Zhang et al37 R. MTG X
Zheng et al38 L. OFC X

R. OFC X
Precuneus X

Zhou et al39 L. DLPFC X
R. DLPFC X

Total seed ROIs 10 11 2

Note: DMN, default mode network; SN, salience network; CEN, central executive network; dMPFC, dorsomedial prefrontal cortex; 
PCC, posterior cingulate cortex; TPJ, temporoparietal junction; sup. ventral caudate, superior ventral caudate; inf. ventral caudate, 
inferior ventral caudate; MPFC, medial prefrontal cortex; dACC, dorsal anterior cingulate cortex; MTG, medial temporal gyrus; PFC 
thalamus, prefrontal thalamus; OFC, orbitofrontal cortex; DLPFC, dorsolateral prefrontal cortex; ROIs, regions of interest. X indicates 
regions that fall within the specified network. Note that the participant numbers for each network group are higher than the overall 
sample, as the participant sample of one study may be included in a network analysis multiple times, where multiple seed ROIs included 
in a single network analysis originate from a single original study.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
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(supplementary eTable 4). Results from the direct compar-
ison of medFEP and nomedFEP studies supported these 
findings, revealing hypo- and hyperconnectivity, in the 
medFEP group, between the DMN seeds and peaks corre-
sponding with all those identified in the main DMN anal-
ysis (supplementary eTable 5, supplementary eFigure 1). 
Investigation of the differences in duration of illness and 
age between the medFEP and nomedFEP groups (DMN 
seed analysis) revealed the former to be significantly older 
and to have a numerically longer duration of illness than 
the latter. After controlling for these potentially confound-
ing variables in the direct comparison of the subgroups 
(medFEP vs nomedFEP), only the medial orbital gyrus 
(MOG) (SDM-Z  =  −1.4, P  =  .0009), and dorsal ante-
rior cingulate gyrus peaks survived (SDM-Z  =  −1.347, 
P =  .0015). Meta-regression of the main DMN analysis 
(FEP vs HC) identified a positive correlation between pa-
tient age and the hypo- and hyperconnectivity for all the 
significant peaks. In the medFEP vs HC contrast, age was 
positively correlated with the FC abnormalities of all the 
prior significant peaks, excluding the MOG and ventral 
anterior cingulate peaks. In contrast, no significant corre-
lation was observed between age and the FC abnormalities 
of the prior significant peaks in the nomedFEP group.

The SN subgroup analysis of the medFEP studies 
(N = 6) revealed hypoconnectivity between the SN and the 
right middle frontal, left superior frontal, and left middle 
temporal gyri, relative to HC, overlapping with the same 
regions identified in the main analysis (supplementary 

eTable  3). The SN subgroup analysis of the nomedFEP 
studies (N = 5) revealed hyperconnectivity, relative to HC, 
between the SN and 2 clusters overlapping with those iden-
tified in the main analysis: the right superior temporal and 
superior frontal gyri (supplementary eTable  4). For the 
same nomedFEP analysis, 2 clusters displaying hypocon-
nectivity with the SN corresponding to those seen in the 
main analysis were identified in the right middle temporal 
gyrus, and the cerebellum, in the nomedFEP groups (sup-
plementary eTable 4). Direct comparison of medFEP and 
nomedFEP studies supported these findings, demonstrat-
ing hypoconnectivity between the SN and the middle and 
superior frontal, occipital, and left middle temporal gyri 
in the medFEP group, and hypoconnectivity between the 
SN and the cerebellum and right middle temporal gyrus 
clusters in the nomedFEP group (supplementary eTable 6, 
supplementary eFigure 2). Illness duration and age were 
observed to be greater in the medFEP group than the 
nomedFEP group (SN seed analysis), but not significantly 
so. Controlling for both potential confounders in the di-
rect comparison of the subgroups (medFEP vs nomed-
FEP), only the middle frontal gyrus (SDM-Z  =  −2.292, 
P =  .000018), and superior frontal gyrus peaks survived 
(SDM-Z = −2.197, P = .000066). Meta-regression of the 
main SN analysis (FEP vs HC) identified a negative cor-
relation for patient age and the hypoconnectivity between 
the SN seeds and the bilateral middle temporal gyrus, and 
planum polare clusters. Similar correlations were observed 
in both the subgroup analyses (medFEP/nomedFEP 

Fig. 2. Results of the meta-analysis of (A) DMN to whole-brain functional connectivity, and (B) SN to whole-brain functional 
connectivity, in FEP individuals, relative to controls. Brain regions that showed significant differences in functional connectivity with 
(A) the DMN seed network, and (B) the SN seed network, in individuals with first-episode psychosis (FEP), relative to healthy controls 
(HC). MNI z coordinates are displayed at the top of the figure. Peaks appear from left to right in the (A) left cerebellum (P = .0026); 
right inferior semi-lunar cerebellar lobule (P = .00033); medial orbital gyrus (P = .00048); left superior temporal gyrus (P = .0026); 
ventral anterior cingulate gyrus (P = .00077); the inferior frontal gyrus (P = .0027); and the dorsal anterior cingulate gyrus (P = .0018); 
(B) cerebellum/culmen (P = .0033); right middle temporal gyrus (P = .000015); left planum polare (P = .0029); left middle temporal 
gyrus (P = .000034); middle frontal gyrus (P = .0011); superior temporal gyrus (P = .00038) and posterior transverse temporal gyrus 
(P = .00068); occipital gyrus (P = .0004); left superior frontal gyrus (P = .0027); right superior frontal gyrus (P = .00054). For color, 
please see the figure online.

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
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compared with HC), such that younger age was associ-
ated with greater hypoconnectivity between the SN seeds 
and the left middle temporal gyrus in the medFEP group, 
and also with the right middle temporal gyrus, and planum 
polare in the nomedFEP group.

The DMN meta-regression analyses revealed a signifi-
cant correlation between higher negative symptoms ratings 
and greater hypoconnectivity, for all the clusters that dis-
played DMN hypoconnectivity in the main analysis, except 
the ventral anterior cingulate gyrus (vACG), ie, the medial 
orbital, inferior frontal, superior temporal, and dorsal 
anterior cingulate gyri clusters, and the cerebellum cluster 
(supplementary eFigure 1). Positive and negative symptom 
ratings in FEP were both found to be positively associated 
with the hyperconnectivity between the DMN and the right 
inferior semi-lunar cerebellar lobule, identified in the main 
analysis in FEP relative to HC (supplementary eFigure 1). 
There were no significant associations between general psy-
chopathology and any of the DMN group differences.

Due to a lack of consistency across the SN studies 
regarding the symptom rating scales used, exploration of 
the relationship between symptoms and SN connectivity 
was not feasible.

Discussion

This meta-analysis presents robust evidence of wide-
spread functional dysconnectivity of the DMN and 
SN in patients with FEP, compared with HC, implicat-
ing aberrant functional integration of these networks 
in the core pathophysiology underlying psychosis, from 
the early illness stages. To our knowledge, this is the first 
meta-analysis investigating abnormalities in resting-state 
FC of the DMN, SN, and CEN in FEP.

Key Findings

An overall trend toward hypoconnectivity with the rest of 
the brain was identified for the DMN, while the SN and 
CEN displayed more mixed results. Specifically, the DMN 
primarily displayed decreased connectivity with other 
regions within the DMN, but also with regions in the SN 
and CEN. The SN also displayed reduced connectivity 
with regions in the DMN and CEN, while demonstrating 
additional hyperconnectivity particularly with regions 
involved in visual and auditory processing. Review of the 
limited CEN data revealed hypo and hyperconnectivity 
across the DMN, CEN, and SN.

The most significant finding relating to the DMN was 
of decreased within-network connectivity in the FEP 
group, relative to HCs, the largest cluster of which was 
located in the MOG. Additionally, the extent of all the 
DMN abnormalities was positively associated with the 
severity of negative symptoms in the FEP group.

The MOG is involved in a range of reward processing 
functions,40,41 the learning of associations between emotions 

and salient situations,42 and processes requiring the indi-
vidual to assess the perspective of others.43 Impairments in 
these functions are often linked to the negative symptoms 
observed in psychosis—with aberrant reward processing 
and maintenance of reward value representations, in par-
ticular, being associated with amotivation.44

The vACG, also within the DMN, contained the second 
largest cluster of DMN hypoconnectivity and is involved 
in the modulation of emotional behavior and social cog-
nition.45,46 Consistent with this finding, Anticevic et  al47 
observed a decrease in connectivity between the ventral 
anterior cingulate cortex and the dorsal medial prefrontal 
cortex in patients with chronic schizophrenia, and also in 
patients with bipolar disorder who had a history of psycho-
sis. The same decrease was not observed in patients with 
bipolar disorder that did not have a history of psychosis. 
This is somewhat consistent with the findings of Gong et al,1 
who reported decreased within-network DMN connectivity 
across 3 patient groups including FEP patients, patients with 
major depressive disorder (MDD), and patients with post-
traumatic stress disorder (PTSD), relative to controls. Both 
MDD and PTSD may also present with psychotic symp-
toms. However, whether decreased FC within the DMN 
may specifically link the mechanisms underlying psychotic 
symptoms across disorders remains to be investigated.

The most significant finding of the SN meta-analysis 
was that of hypoconnectivity with 2 large DMN clusters, 
located in the bilateral middle temporal gyri (MTG). The 
MTG play central roles in language and semantic memory 
processing, and multimodal sensory integration.48 In keep-
ing with the functionality of both the MTG and the SN; 
aberrant MTG activity, abnormal SN connectivity, and 
reduced gray matter volumes in both the SN and the MTG 
have all been associated with severity of hallucinations 
across schizophrenia spectrum disorders.48–52 These findings 
suggest a role for abnormal SN–MTG FC underlying the 
manifestation of hallucinations in psychosis, and the poten-
tial for the distinction between subtypes of psychosis based 
on the same. Though it was impossible to include symptom 
ratings in the current SN analysis, such an approach should 
prove useful in the future study of SN–MTG FC.

Collectively, the results from both the SN and DMN 
analyses are consistent with the model proposing a pivotal 
role for the SN in the appropriate switching between DMN 
and CEN engagement.9,10 In schizophrenia, abnormal 
activity of the SN is thought to result in aberrant salience 
attribution to everyday experiences and stimuli, and sub-
sequently, inappropriate switching between attentional, 
higher-order cognitive processes, and internal thought pro-
cesses.11,12,18,53 Results of the present meta-analysis suggest 
that this inappropriate switching between the CEN and 
DMN may be the result of reduced SN–DMN connec-
tivity in FEP leading to the aberrant allocation of neural 
resources and the characteristic presentation of psychosis. 
However, whether this reflects a loss of influence of the SN 
over the switching between task positive and task negative 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
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states remains to be tested. This was not possible in the 
present meta-analysis as the studies included herein did 
not report on the directional influence of these neural sys-
tems on each other, also described as effective connectivity.

These findings are also broadly in keeping with stud-
ies of patients with chronic schizophrenia, which describe 
widespread hypoconnectivity in comparison to HCs.3,14,18 
However, instances of hyperconnectivity appear to be 
more consistent in chronic illness than in FEP, particu-
larly in relation to the FC of the DMN,54,55 and frontal 
regions generally.3,56

The identification of widespread hypoconnectivity in 
FEP patients, relative to controls, is also largely in keep-
ing with both Pettersson-Yeo et  al.’s review of FC in 
FEP,3 and with seed-based FC studies in schizophrenia, 
overall.57–62 However, studies that employed indepen-
dent component analysis (ICA, another commonly used 
method of connectivity analysis) reported more mixed 
findings.63–66 In line with the goals of this article, seed-
based analysis enables the investigation of the FC of a 
specific region with the rest of the whole brain, while ICA 
models data by identifying sets of voxels whose activity 
varies together over time and is maximally distinguish-
able from other sets.67 Though neither method is without 
limitations, in terms of the current goal, the data reduc-
tion involved in the initial stages of ICA—requiring the 
researcher to determine a priori the number of compo-
nents in the data—may introduce some methodological 
bias (supplementary eDiscussion).68 Nonetheless, future 
meta-analysis of ICA data would prove useful in explor-
ing these differences in outcomes further.

Another finding of interest was the presence of FC 
abnormalities between both the DMN and SN, and lan-
guage, auditory, and visual regions. Specifically, the DMN 
displayed hypoconnectivity with regions involved in the 
comprehension, processing, and production of language 
(inferior frontal gyrus),69 and also with the primary auditory 
cortex (superior temporal gyrus),70,71 while the SN displayed 
hypoconnectivity with a subregion of the primary auditory 
cortex (planum polare),70 and hyperconnectivity with other 
regions within the primary auditory cortex (right posterior 
transverse temporal gyrus, and superior temporal gyrus).71 
The largest cluster to display hyperconnectivity with the SN 
lay within the occipital lobe, another sensory region, con-
taining most of the visual cortex. Whether hyperconnectiv-
ity between the SN and regions involved in auditory and 
visual processing reflects greater allocation of attentional 
resources and aberrant attribution of salience, and in turn 
underlies perceptual disturbances typically present in FEP, 
remains to be investigated. In contrast, DMN hypoconnec-
tivity with the regions involved in the comprehension, proc-
essing, and production of language may underlie deficits in 
social role function and negative symptoms in psychosis, 
and warrant further investigation.

Finally, the CEN data—though limited—illustrated 
increases and decreases in FC between the CEN and both 

the DMN and the SN for the FEP group. While novel 
in itself, further studies are required to draw any decisive 
conclusions about CEN connectivity in FEP.

The most prominent finding from the additional analy-
ses was of the disparity between FC abnormalities iden-
tified in the antipsychotic-naïve FEP groups, and those 
identified in the antipsychotic-treated FEP groups as well 
as in the main analyses. When age and length of illness were 
controlled for in the direct comparison of the 2 groups, 
the deficits in prefrontal regions were more severe in the 
medFEP group, compared to the nomedFEP group. This 
was also reflected in both the DMN and SN subgroup 
analyses, where the medFEP or nomedFEP groups were 
compared with HC, when controlling for age. These find-
ings may suggest an effect of antipsychotic medication on 
the FC between the DMN/SN and prefrontal regions that 
are rich in dopaminergic inputs,72 and hence susceptible 
to the dopamine modulating mechanism of action of 
antipsychotic drugs.73 Another possibility is that patients 
in the medFEP groups were more unwell than patients 
in the nomedFEP group, and that after controlling for 
the effects of age and illness duration, these prefrontal 
regions were the most severely affected by psychosis. It 
is important to note, however, that for both main analy-
ses, the medFEP studies outnumbered the nomedFEP 
studies. This should be taken into consideration when 
interpreting these findings, particularly considering the 
disparity between the results of the 2 subgroups in the 
DMN analysis. Additionally, as these data were cross-
sectional, they do not address the effects of antipsychotic 
treatment on FC over time. Previous research supports 
the longitudinal effects of antipsychotic treatment on FC 
in psychosis, however, the direction and localization of 
these effects are still unclear.16,74–76

Collectively, these results suggest that the effect of 
antipsychotic treatment on FC of DMN/SN seeds with 
prefrontal regions may have driven some, but not all of 
the differences in FC between FEP patients and HC. 
Nonetheless, these results highlight a need for future 
appropriately designed studies to address these issues 
definitively. Although we were unable to do this here due 
to lack of available data, future meta-analytic endeavours 
may consider taking into account the potential confound-
ing effects of between-study differences in antipsychotic 
dosage, duration of treatment, duration of untreated ill-
ness, and ethnic differences while trying to disentangle 
abnormalities that are intrinsic to the pathophysiology of 
psychosis from those that may be an effect of antipsy-
chotic exposure.

Considerations for Future Research

A potential limitation of our investigation is that some of 
the studies had used multiple seeds within the same net-
work and therefore were included more than once within 
the same meta-analysis. While this raises the possibility 

http://academic.oup.com/schizophreniabulletin/article-lookup/doi/10.1093/schbul/sby094#supplementary-data
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of dependence among some of the entries within a meta-
analysis, at present there are no established methods for 
estimating and correcting for this in the context of seed-
based resting-state FC studies.

It may also be questioned whether connectivity patterns 
of individual seeds truly reflect the connectivity pattern 
of the larger network that the seeds may be a part of. It 
is worth noting that the large-scale networks examined 
here have been defined on the basis of empirical data that 
has been consistently replicated by independent research 
groups,7,77–81 with the broad consensus about the regions 
included in each network, corresponding to the seeds 
used in the current analyses.7,8,82 Given that brain regions 
included as part of these large-scale networks have been 
identified on the basis of temporal correlation between 
the time-series of these regions, it is reasonable to assume 
that the FC observed for a region which is part of a cer-
tain network can be used as a proxy for the behavior of 
that network as whole. However, in the absence of empiri-
cal data, we cannot be certain that this is the case.

Additional discussion of the advantages and limita-
tions of this study can be found in the supplementary 
eDiscussion.

Conclusions

The results of this meta-analysis provide robust evidence 
of resting-state FC abnormalities in early psychosis, spe-
cifically implicating the DMN and SN in early psychosis 
psychopathology. The discovery of functional dyscon-
nectivity of large-scale networks even in early psychosis is 
consistent with the view that this represents a core neural 
deficit of the illness. The DMN, SN, and CEN were all 
found to display a combination of hyper- and hypocon-
nectivity, to different degrees, though the most notewor-
thy disturbances were hypoconnectivity within the DMN, 
and between the SN and the DMN. These findings in 
particular support a contributory role, previously pro-
posed in schizophrenia, for abnormalities of the SN in 
the DMN dysfunction observed in early psychosis.11,12,53 
What effect antipsychotic treatment has on such abnor-
malities, however, requires further clarification.

Supplementary Material

Supplementary data are available at Schizophrenia 
Bulletin online.
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