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Negative symptoms represent a distinct component of psy-
chopathology in schizophrenia (SCZ) and are a stable con-
struct over time. Although impaired frontostriatal connectivity 
has been frequently described in SCZ, its link with negative 
symptoms has not been carefully studied. We tested the hypo-
thesis that frontostriatal connectivity at rest may be associated 
with the severity of negative symptoms in SCZ. Resting state 
functional connectivity (rsFC) data from 95 mostly medicated 
patients with SCZ and 139 healthy controls (HCs) were ac-
quired. Negative symptoms were assessed using the Brief 
Negative Symptom Scale. The study analyzed voxel-wise rsFC 
between 9 frontal “seed regions” and the entire striatum, with 
the intention to reduce potential biases introduced by predefin-
ing any single frontal or striatal region. SCZ showed signifi-
cantly reduced rsFC between the striatum and the right medial 
and lateral orbitofrontal cortex (OFC), lateral prefrontal 
cortex, and rostral anterior cingulate cortex compared with 
HCs. Further, rsFC between the striatum and the right me-
dial OFC was significantly associated with negative symptom 
severity. The involved striatal regions were primarily at the ven-
tral putamen. Our results support reduced frontostriatal func-
tional connectivity in SCZ and implicate striatal connectivity 
with the right medial OFC in negative symptoms. This task-
independent resting functional magnetic resonance imaging 
study showed that medial OFC–striatum functional connec-
tivity is reduced in SCZ and associated with severity of nega-
tive symptoms. This finding supports a significant association 
between frontostriatal connectivity and negative symptoms and 
thus may provide a potential circuitry-level biomarker to study 
the neurobiological mechanisms of negative symptoms.
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Introduction

Schizophrenia (SCZ) is a severe mental illness characterized 
by positive and negative symptoms. Negative symptoms, 

including abnormalities in motivation, sociality, and 
emotional expressiveness, are considered one of the core 
components of SCZ and have been increasingly used for 
assessing treatment outcomes in research studies, clinical 
trials, and clinical practice.1 Negative symptoms have been 
shown to be a stable construct over time,2 but unfortu-
nately, they are also among the least treatment-responsive 
clinical symptoms of SCZ.3,4 There is currently a lack of 
approved medication specifically targeting negative symp-
toms,1 and the underlying neural mechanisms responsible 
for negative symptoms are still poorly understood.

There is growing consensus that the pathophysiology 
of SCZ goes beyond regional dysfunctions and is at the 
level of functional networks.5,6 Striatal networks have been 
implicated in SCZ in postmortem,7 anatomical imaging,8 
and functional imaging9 studies. In addition, the basal 
ganglia network has been associated with familial risks for 
SCZ.10 Frontostriatal networks serve a wide range of func-
tions from motivational to cognitive control functions,11 
and striatal dopaminergic signaling has been shown to 
modulate goal-directed gating to prefrontal cortex.12,13 
Higher-order motivational and social-drive functioning 
and their deficits in patients have been attributed to fronto-
striatal connections.14–17 As negative symptoms are closely 
associated with cognitive, motivational, and social-drive 
deficits,1,3,4 dysfunctional frontostriatal connectivity may 
contribute to negative symptoms in SCZ. Although im-
paired frontostriatal connectivity in SCZ has been corre-
lated with psychosis symptom severity in those with clinical 
high-risk for psychosis; in first episode, treatment-resistant 
SCZ and psychotic bipolar disorder18–21; and in auditory 
verbal hallucinations,22 it remains unknown whether and 
how frontostriatal resting state functional connectivity 
(rsFC) is linked to negative symptoms in SCZ.

Frontostriatal networks are also involved in adaptive 
and motivational behaviors,23 reward learning,24 and social 
and communicative functions25 under normal conditions. 
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Alexander and Crutcher defined 4 frontal targets from the 
basal ganglia: motor, oculomotor, limbic, and prefrontal 
areas.26 Function of frontal limbic areas, especially the 
medial orbitofrontal cortex (mOFC), is associated with 
social evaluation, decision making, and affective rep-
resentation,27,28 impairment of which might have direct 
implications on diminished social drive and blunted affect 
observed in patients with negative symptoms.

Abnormal reward-related activation in the striatum 
correlates with negative symptoms in patients with SCZ 
and unaffected siblings.29–31 Within the striatum, ventral 
aspects are implicated more in motivation, whereas cen-
tral and dorsal aspects are involved in habit formation 
within the corticostriatal reward circuit.32–35 Diminished 
motivation and interests are the typical presentations of 
negative symptoms. Thus, a tenable hypothesis is that 
ventral (and not central/dorsal) striatum functional com-
munication is associated with negative symptoms.

Unlike task-based paradigms where impaired motiva-
tion to perform tasks in SCZ with negative symptoms may 
confound research findings, resting state functional mag-
netic resonance imaging (rsfMRI) circumvents the issue 
by not requiring active participation. Our goal was to use 
a task-free rsFC approach to understand whether nega-
tive symptoms in SCZ are associated with abnormal fron-
tostriatal rsFC independent of specific task performance. 
This study used a data-driven (voxel-wise) approach to 
identify patterns of rsFC between 9 frontal seed regions 
and voxels in the striatum. Consistent with the prior liter-
ature, we hypothesized that negative symptoms are asso-
ciated with functional communication between frontal 
limbic regions and ventral striatal regions. However, our 
exploratory voxel-wise approach allowed us to test the 
alternative hypothesis that negative symptoms are associ-
ated with impaired functional communication between a 
broader set of frontostriatal networks.

Methods

Participants

Patients with SCZ (n  =  95, 58 male/37 female) were 
recruited from the outpatient clinics at the Maryland 

Psychiatric Research Center and the neighboring mental 
health clinics. Healthy controls (HCs; n = 139, 87 male/52 
female) were recruited through media advertisements. 
Demographics of the sample are reported in table  1. 
Diagnoses were confirmed with the Structured Clinical 
Interview for Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV) in all partici-
pants. Major medical and neurological illnesses, history 
of head injury with cognitive sequelae, and mental re-
tardation were exclusionary. Other than 18 patients who 
were not on antipsychotic medication at time of study, 
all patients were taking antipsychotics, including 64 on 
atypical, 6 on typical, and 7 taking both an atypical and 
a typical antipsychotic. Patients were all under outpa-
tient care and were clinically stable. Patients and controls 
with substance dependence within the past 6 months or 
current substance abuse (except nicotine) were excluded. 
Controls had no current DSM-IV Axis I diagnoses and 
no family history of psychosis in the prior 2 generations. 
Participants gave written informed consent. The research 
protocol was approved by the institutional review board 
of the University of Maryland, Baltimore.

Clinical Assessments

The Brief  Negative Symptom Scale (BNSS) total score 
was calculated to assess overall negative symptoms.34 The 
2 major BNSS factors (motivation/pleasure and emo-
tional expressivity defined by Kirkpatrick et  al.36 and 
replicated by Strauss et  al.37) were also used to further 
explore associations for these distinguished domains.

The BNSS has good validity and is easier to use com-
pared to some other tools,36 important for large sample 
studies. However, negative symptoms include primary 
symptoms (refer to negative symptoms that are patho-
genic of SCZ) and secondary symptoms (refer to negative 
symptoms due to positive symptoms, affective symptoms, 
medication side effects, environmental deprivation, or 
other factors). Although BNSS does not directly sepa-
rate these 2 aspects of negative symptoms, previous data 
suggested that BNSS-assessed negative symptoms do not 
substantially correlate with psychosis or depression.36 

Table 1.  Demographic Data and Clinical Parameters for Schizophrenia (SCZ) and Healthy Control (HC) Groups

SCZ (n = 95) HC (n = 139) Group Comparison

Mean (STDEV) Mean (STDEV) P

Age (y) 33.4 (13.7) 31.7 (15.2) .36
Age range 11–59 10–77
Gender (M/F) 58/37 87/52 .81
Education (y) 12.6 (1.7) 13.8 (2.2) .001
BPRS total 40.3 (11.0) n/a n/a
BNSS 18.9 (15.0) n/a n/a
CPZ 224.5 (411.6) n/a n/a

Note: BNSS, Brief Negative Symptom Scale; BPRS, Brief Psychiatric Rating Scale; CPZ, chlorpromazine; M, male; F, female; n/a, not applicable.
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Nevertheless, we will attempt to indirectly assess the spec-
ificity question by evaluating whether or not frontostria-
tal circuitry findings are correlated with other symptom 
domains.

Overall psychiatric symptoms were assessed with the 
20-item Brief  Psychiatric Rating Scale (BPRS); the BPRS 
subscale of withdrawal symptoms was used as a corrob-
orative assessment for aspects of negative symptoms. We 
also calculated the BPRS psychosis subscale score and 
anxiety/depression subscale score to measure psychosis 
and mood symptoms.38

Data Acquisition

All imaging was performed at the University of Maryland 
Center for Brain Imaging Research using a Siemens 3T 
TRIO MRI system equipped with a 32-channel phase 
array head coil. High-resolution structural images were 
acquired using fast spoiled gradient-recalled sequence 
(TR: 11.08 ms, TE: 4.3 ms, flip angle: 45°, field of view 
(FOV): 256 mm, 256 × 256 matrix, 172 slices, 1 mm3 spa-
tial resolution). Resting state functional T2*-weighted 
images were obtained using a single-shot gradient-
recalled, echo-planar pulse sequence (TR: 2 s, TE: 30 ms, 
flip angle: 90°, FOV: 220 mm, 64 × 64 matrix, 3.4 mm2 
in-plane resolution, 3.4 mm slice thickness, 42 axial slices, 
15 min scan duration). Participants were asked to keep 
their eyes closed, to relax, and not to think about any-
thing in particular.

Resting fMRI Data Preprocessing

rsfMRI data processing was carried out using Analysis 
of  Functional NeuroImages (AFNI)39 software. The 
first 5 time points of  each run were discarded because of 
image instability. Correction for head motion was per-
formed by registering each functional volume to the first 
time point of  the run. No significant group differences 
were detected for translational motion (0.50 ± 0.07 mm 
[mean ± SEM] SCZ and 0.52 ± 0.08 mm HC; P = .74) 

or rotational motion (0.016  ±  0.002  mm SCZ and 
0.012 ± 0.002 mm HC; P = .28). The preprocessed data 
were spatially smoothed with a 4-mm full-width at half  
maximum Gaussian kernel. Next, multiple linear regres-
sion analysis was used to model several types of  noise in 
the functional data, which were then removed as regres-
sors of  no interest: the linear trend, 6 motion param-
eters (3 rotational and 3 translational directions), their 
6 temporal derivatives (rate of  change in rotational and 
translational motion) and time courses from the white 
matter and cerebral spinal fluid. Blood oxygenation 
level dependent (BOLD) time series were band-pass fil-
tered (0.01–0.1 Hz). Time points with excessive motion 
(>1.5 mm), estimated as the magnitude of  displacement 
from one time point to the next, including neighboring 
time points were also censored from statistical analysis. 
Finally, for group analysis, images were spatially nor-
malized to the Talairach space.40

Frontostriatal rsFC Based on Frontal Seeds

To avoid bias toward any specific frontal region, each 
major frontal region was included as seed. Binary masks 
of the following 9 frontal cortical regions were obtained: 
dorsolateral prefrontal cortex, superior frontal cortex, 
mOFC, lateral prefrontal cortex (lPFC), inferior fron-
tal cortex, lateral orbitofrontal cortex (lOFC), supple-
mentary motor area, rostral anterior cingulate cortex, 
and dorsal anterior cingulate cortex in each hemisphere 
using the standard automated anatomical labeling (AAL) 
atlas (www.mricro.com) (figure 1). Mean time series were 
extracted from these seed regions. Connectivity maps 
were obtained for each frontal seed region by correlating 
its average time series with every voxel in the striatum. 
The striatum boundary was defined using the AAL atlas 
for caudate and putamen, which included all of the ven-
tral striatum.

A seed-based voxel-wise analysis was performed 
on the entire striatum (seeds correspond to every re-
gion of  the frontal lobe, analyzed 1 seed at a time). 

Fig. 1.  Surface rendering of frontal cortical regions (only left hemisphere shown) used for the functional connectivity driven striatal 
parcellation. dlPFC, dorsolateral prefrontal cortex; SFC, superior frontal cortex; mOFC, medial orbitofrontal cortex ; lPFC, lateral 
prefrontal cortex; iFC, inferior frontal cortex; lOFC, lateral orbitofrontal cortex; SMA, supplementary motor area; rACC, rostral 
anterior cingulate cortex; and dACC, dorsal anterior cingulate cortex.

http://www.mricro.com
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Essentially, we used a data-driven approach to identify 
patterns of  functional connectivity between specific 
frontal regions and clusters of  voxels in the striatum. 
This method provides a more objective approach to 
map functional connections between frontal and stri-
atal areas, while exploring potential relevance to neg-
ative symptoms. Finally, resulting rsFC maps for each 
frontal seed were averaged and Fisher’s r-to-z trans-
formations were applied to obtain the normal distri-
bution. Analyses were performed separately for each 
hemisphere. Only ipsilateral frontostriatal connectivity 
was considered because the neural circuitry linking the 
frontal cortex and the striatum primarily runs ipsilat-
erally, with a few exceptions.41–43

Statistics

rsFC maps from each frontal region were obtained in 
each participant and then compared between HC and 
SCZ groups. To examine group differences in functional 
connectivity between the striatum and frontal cortical 
regions, voxel-wise 2-sample t tests were performed, using 
voxel-wise threshold of P < .005 and an extent thresh-
old based on Monte Carlo simulations using AFNI’s 
updated 3dClustStim with autocorrelation function to 
achieve corrected P < .05. We then extracted these rsFC 
values and applied Bonferroni correction for 18 regions 
(P < .05/18  =  .003). Only those rsFC values that were 
significantly different between groups (based on the ear-
lier 2 statistical thresholds) were used to analyze potential 
relationships with BNSS scores. Associations between 
rsFC and BNSS were carried out by Pearson’s correla-
tions, also applying Bonferroni correction for the num-
ber of correlations. If  a correlation with BNSS total 
score was significant, post hoc analysis was carried out 
to explore correlation with the 3 BNSS factor scores 
(using Bonferroni corrected P = .05/3 subscales = .016). 
Similarly, if  a correlation with BNSS total score was sig-
nificant, associations between rsFC and BPRS total and 
subscale scores were carried out by Pearson’s correlations, 
also applying Bonferroni correction for 4 comparisons 
(total scores and 3 subscale scores at P = .05/4 = .012). 
Correlations with chlorpromazine (CPZ) equivalent dos-
age were not corrected for multiple comparisons.

Results

SCZ and HC did not differ in age and sex (table  1). 
Functional connectivity between each voxel of  the 
striatum and predefined frontal cortical regions was 
performed to examine overall frontostriatal network 
disturbances in SCZ. After correction for multiple 
comparisons, significantly reduced rsFC between 4 
frontal cortical regions and the striatum were found in 
patients with SCZ compared to controls: specifically 
between striatum and mOFC, lOFC, lPFC, and rostral 

cingulate seeds in the right hemisphere (corrected P < 
.05) (figure  2). The exact striatal areas varied in each 
case, but interestingly, effects were mainly observed in 
ventral areas of  the putamen (figure 2).

Among the 4 frontal regions, BNSS total was signifi-
cantly correlated only with mean rsFC z score of the right 
mOFC–ventral putamen (r = −.35, P = .002, significant 
after Bonferroni correction for 3 correlations) (figure 3A 
and C). Post hoc analyses revealed that right mOFC–
ventral putamen connectivity was significantly corre-
lated with BNSS motivation/pleasure factor (r  =  −.32, 
P = .005) and the emotional expressivity factor (r = −.33, 
P  =  .004). Both of these correlations remained signifi-
cant after Bonferroni correction, whereas the correlation 
between right mOFC–ventral putamen connectivity and 
distress was not significant (r = −.03, P = .80).

We also assessed the BPRS subscale withdrawal score 
and found that a significant correlation was also pres-
ent between right mOFC–ventral putamen rsFC z score 
and withdrawal symptoms (r  =  −.36, P  =  .001, signifi-
cant after Bonferroni correction) (figure 3B). In compar-
ison, BPRS total score, psychosis, or depression/anxiety 
subscale scores were not significantly correlated with the 
right mOFC–ventral putamen connectivity (all Ps > .05), 
suggesting the specificity of the finding with negative 
symptoms.

To examine whether age and sex contribute to 
the main findings, we used age and sex as covariates 
in group comparisons and found that age (F  =  4.7, 
P  =  .03) but not sex (F  =  2.2, P  =  .11) was a nomi-
nally significant covariate in patient–control difference 
on the mOFC–ventral putamen rsFC, although the 
group differences were essentially the same as without 
(F = 25.9, P < .001) vs with age and sex as covariates 
(F = 24.5, P < .001). Using age and sex as control vari-
ables in partial correlations, the mOFC–ventral puta-
men rsFC and BNSS remain significantly correlated 
(partial r  =  −.32, P  =  .005) as compared to without 
age and sex as control variables (r = −0.35, P = .002); 
CPZ dosage did not correlate with rsFC z scores (all 
Ps > .03) or with BNSS total (P = .7) after Bonferroni 
correction of  multiple comparisons. To further reduce 
potential medication confounds, we selected only the 
subgroup on atypical antipsychotics (n  =  64). Here, 
right mOFC–ventral putamen connectivity was still 
significantly lower in SCZ compared with controls (P < 
.001). After repeating the correlation analyses between 
right mOFC–ventral putamen connectivity and BNSS 
in SCZ on atypical antipsychotic medications with 
CPZ included as a covariate, we found that the correla-
tion remained significant (partial r = −0.29, P = .024).

Discussion

Although dopamine dysregulation in the striatum is con-
sidered a general feature of  SCZ pathology,44,45 negative 
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symptoms in SCZ are thought to be related to abnormal 
stimulation of  dopamine type 1 receptors in the pre-
frontal cortex.46–48 Dopaminergic dysfunction at the level 
of  the prefrontal cortex could lead to prefrontal-depen-
dent deficits including negative symptoms as observed 
in patients with SCZ.9 This study used a data-driven, 
voxel-wise rsFC approach to identify specific patterns 
of  functional connectivity between frontal and striatal 
regions that were associated with negative symptoms. 
The findings indicate compromised frontostriatal con-
nectivity in SCZ between several frontal and striatal re-
gions, which are consistent with, but also expand upon, 
previous reports of  striatal abnormalities49,50 as well as 
compromised function of  frontostriatal pathways51,52 in 

SCZ. Furthermore, there was a significant, inverse as-
sociation between the right mOFC–striatal connectivity 
and negative symptoms, such that reduced rsFC was as-
sociated with more severe negative symptoms in SCZ.

Frontostriatal circuits have previously been impli-
cated in the negative symptoms of SCZ using task-based 
fMRI, magnetic resonance spectroscopy, diffusion im-
aging, and positron emission tomography (PET) re-
search techniques,53–55 and it has been posited that this 
relationship is driven by deficits in representing and using 
neural resources to support flexible and goal-directed 
decision-making.56 In one PET study, hypoperfusion in 
the right OFC was linked to development of severe neg-
ative symptoms in SCZ patients with deficit syndrome.57 
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Fig. 2.  Significant group differences in the functional connectivity between the striatum and frontal cortical regions: medial orbitofrontal 
cortex (OFC), lateral OFC, lateral prefrontal cortex (PFC), and rostral cingulate. z score comparisons between healthy control (HC) and 
schizophrenia (SCZ) groups are also shown (corrected P < .05).
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Findings of this study extend this prior finding and sug-
gest that right OFC-based frontostriatal circuitry may 
modulate negative symptoms in SCZ. Although BPRS 
withdrawal symptom scale does not directly measure neg-
ative symptoms (eg, the rating assesses some aspects of 
negative symptoms through a different tool), the finding 
of a similar correlation between BPRS withdrawal symp-
toms and the same OFC–striatal rsFC lends additional 
support to the BNSS-based finding. However, it remains 
unclear whether the pathophysiology of negative symp-
toms stems from the OFC, from the striatum, or from 
OFC–striatal connectivity.

The association of negative symptoms with rsFC 
between the striatum and OFC—but not other fron-
tal regions—is interesting in light of what is currently 
known about the unique functional contributions of 
OFC.58 OFC has been functionally separated from other 
frontal areas for its unique role in decoding and linking 
positive or negative reinforcers of pleasure, pain, taste, 
and smell59 to more abstract reinforcers such as economic 
value60; OFC is also critical for activating or inhibiting 
reward-related, punishment-related, goal-directed, and 
emotional behaviors.59,60 Impairments in the reinforce-
ment functions associated with striatal reward-related 
signaling may lead to dampening of interests and moti-
vations in a variety of personal and social situations and 
may plausibly be linked to negative symptoms.

Within the OFC, mOFC responses are particularly as-
sociated with reward outcomes, whereas lOFC responses 
are more related to negative outcomes.61 The observed 
mOFC-specific association with negative symptoms in 
this study is consistent with the idea that patients with 
SCZ appear to have intact response to negative outcomes 
but show deficits in learning positive reward associations, 
with these deficits more pronounced in those with high 
negative symptoms.62,63 In turn, the reduced rsFC between 
mOFC and putamen in SCZ may reflect a functional dis-
connect that serves as a predisposition for impaired re-
ward responsivity and adaptive behavior, which may 

manifest as negative symptoms. Finally, mOFC is also a 
core “default mode network” hub, which is involved in 
emotion processing64 and is affected in SCZ.57 Although, 
this study focused on links between frontostriatal connec-
tivity and negative symptoms of SCZ, abnormalities in 
the frontostriatal circuit found in this study may reflect 
other commonly observed cognitive and functional defi-
cits in SCZ, which should be further studied.

The OFC–striatal rsFC findings with negative symp-
toms are primarily at the ventral putamen (figure 2). In 
fact, results between patients and controls suggested an 
overlapping area in the ventral to ventral–medial puta-
men, which has abnormal connectivity to many parts of 
the frontal lobe (figure  2). The putamen is part of the 
sensorimotor loop; ventral aspects are implicated more 
in motivation, whereas central and dorsal aspects are 
involved in habit formation within the corticostriatal cir-
cuit.32–35 We found that connectivity between the anterior 
cingulate cortex and central putamen was also reduced 
in SCZ compared with controls, but its association with 
negative symptoms was not significant. In comparison, 
the aberrant connectivity significantly associated with 
negative symptoms was between OFC and ventral puta-
men (figure 2), suggesting the critical role of the circuitry 
for motivational and goal-directed behaviors in negative 
symptoms.

There are several limitations of  this study. First, the 
effect of  medication on BOLD fMRI remains unknown. 
Findings on the effects of  medication on functional 
connectivity are mixed showing both increased65 and 
attenuated66 functional connectivity associated with an-
tipsychotic medication. Although CPZ dosage did not 
correlate with rsFC measures, cumulative medication 
effects cannot be entirely ruled out. The sample included 
SCZ patients under age 18 years whose frontal circuitries 
may still be under development. However, we included 
controls under age 18, and correlation analyses between 
rsFC and BNSS showed no meaningful differences with 
under-aged subjects removed. Functional connectivity 

Fig. 3.  Pearson correlations between Brief  Negative Symptom Scale (BNSS) total score (A) and Brief  Psychiatric Rating Scale (BPRS) 
withdrawal symptom subscale (B), and the mean functional connectivity z score for the right medial orbitofrontal cortex (OFC) and the 
right striatum. Between-group comparison for the right medial OFC–right striatum functional connectivity z score is also shown (C).
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analysis lacks information about the causality as it gives 
information only about whether the BOLD signal in 1 
seed region is more or less synchronized with the BOLD 
signal in another region. Also, our study focused on ipsi-
lateral frontostriatal connections; therefore, any possible 
abnormalities in the contralateral hemispheric connec-
tivity in SCZ may have gone undetected in our study. 
Finally, the analysis of  different categories of  negative 
symptoms using BNSS subscales shows that the correla-
tions with the mOFC–striatal rsFC were similar across 
most of  the subscale measures, suggesting that mOFC–
striatal rsFC may be associated with a broad range of 
negative symptoms. Notably, distress has been distin-
guished as a different aspect from the rest of  the BNSS 
measures.34 Therefore, the lack of  a significant associa-
tion with distress, and also the lack of  significant asso-
ciations with other BPRS subscale symptoms, provides 
some support to the specificity of  the finding in relation-
ship to BNSS.

To summarize, this task-independent resting fMRI 
study showed that mOFC–striatal functional connectiv-
ity is reduced in SCZ and is associated with severity of 
negative symptoms. The finding may provide a potential 
circuitry-level biomarker to study the neurobiological 
mechanisms of negative symptoms.
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