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The default-mode network (DMN) is vital in the neu-
robiology of  schizophrenia, and the cerebellum partici-
pates in the high-order cognitive network such as the 
DMN. However, the specific contribution of  the cer-
ebellum to the DMN abnormalities remains unclear in 
unaffected siblings of  schizophrenia patients. Forty-
six unaffected siblings of  schizophrenia patients and 
46 healthy controls were recruited for a resting-state 
scan. The images were analyzed using the functional 
connectivity (FC) method. The siblings showed signifi-
cantly increased FCs between the left Crus I and the left 
superior medial prefrontal cortex (MPFC), as well as 
between the lobule IX and the bilateral MPFC (orbital 
part) and right superior MPFC compared with the con-
trols. No significantly decreased FC was observed in 
the siblings relative to the controls. The analyses were 
replicated in 49 first-episode, drug-naive patients with 
schizophrenia, and the results showed that the siblings 
and the patients shared increased FCs between the left 
Crus I and the left superior MPFC, as well as between 
the lobule IX and the left MPFC (orbital part) com-
pared with the controls. These findings suggest that 
increased cerebellar-DMN connectivities emerge ear-
lier than illness onset, which highlight the contribution 
of  the cerebellum to the DMN alterations in unaffected 
siblings. The shared increased cerebellar-DMN con-
nectivities between the patients and the siblings may be 
used as candidate endophenotypes for schizophrenia.
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Introduction

As a complex psychiatric disorder, schizophrenia is inter-
preted as a “disconnection” disease.1 The “disconnection” 
hypothesis proposed that the underlying neurobiology of 
schizophrenia arises from disruptive integration of exten-
sive brain regions, which comprise brain networks, such 
as the prefrontal-limbic-sensorimotor network,2–5 cor-
tico-cerebellar-thalamo-cortical network,6 and default-
mode network (DMN).7

Among these networks, the DMN, which is involved in 
self-referential and stream-of-consciousness processing,8 
is one of the most examined networks. Abnormal DMN 
connectivities have been reported in schizophrenia during 
task-based activity and at rest.7,9 For example, increased 
DMN connectivities have been observed in schizophre-
nia patients7,10–13 and their siblings13 at rest. Meanwhile, a 
bulk of studies have found decreased DMN connectivi-
ties in schizophrenia.14–16 Interestingly, some researchers 
have reported both increased and decreased DMN con-
nectivities in schizophrenia.17,18 Studies that used other 
parameters, such as regional homogeneity, amplitude of 
low-frequency fluctuation (ALFF), and fractional ALFF, 
have also identified DMN abnormalities in schizophre-
nia.19,20 Previously, we found abnormal network homoge-
neity within the DMN in the patients21 and their siblings22 
using a network homogeneity method. These studies 
highlight the contribution of the DMN in the neurobiol-
ogy of schizophrenia.

However, the findings of the above-mentioned studies 
are inconsistent, such as increased and decreased DMN 
connectivities in schizophrenia. In addition to such con-
founding factors as sample size, analysis methods, and 
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scanners, sample heterogeneity may be attributed to 
the inconsistency in schizophrenia. First-episode and/
or chronic schizophrenia patients are recruited as par-
ticipants in the above-mentioned studies. Medication and 
long illness duration may have biased the results of these 
studies.23–25 For example, the duration of untreated psy-
chosis (DUP) appears to have a neurotoxic effect on the 
brain structure and function,26,27 and prolonged DUP is 
associated with decreased gray matter volume and func-
tion28 in certain brain regions in first-episode schizophre-
nia. Antipsychotic drugs normalize brain anatomical and 
functional alterations in both first-episode and chronic 
schizophrenia.23,24 Therefore, recruiting alternative par-
ticipants, such as unaffected siblings of schizophrenia 
patients, in neuroimaging studies is beneficial. Sharing 
similar genetic and environmental background with the 
patients, unaffected siblings have a higher risk to develop 
schizophrenia than individuals without a family his-
tory of schizophrenia.29 Unaffected siblings also exhibit 
similar but mild brain abnormalities as the patients.30,31 
Hence, unaffected siblings provide a unique opportunity 
to examine functional connectivity (FC) abnormality 
associated with the neurobiology of schizophrenia.

Traditionally, the human cerebellum is thought to sim-
ply subserve motor learning and motor coordination. This 
issue has been challenged with the increase in recognition 
of the cerebellum participating in the high-order func-
tion. For example, patients with cerebellar damage have 
been observed to exhibit widespread cognitive deficits, 
including emotional and social behaviors and disrupted 
mental performance.32,33 Task-based neuroimaging inves-
tigations have indicated that the cerebellum is vital in 
various emotional and cognitive tasks.34 Cerebellar sub-
strates have also been associated with some personality 
traits. For example, cerebellar volumes have been linked 
to novelty-seeking and harm-avoidance personality traits 
in healthy participants.35 Resting-state FC studies have 
also documented that the cerebellum has FCs with high-
order brain networks, such as the DMN.36,37 Among the 
subregions of the cerebellum, Crus I and Lobule IX are 
believed to connect with the DMN.36–40 The cerebellum 
may play its role in emotional and cognitive processing 
through its anatomical links with the cerebrum.41 For 
example, point-to-point links between the cerebellum 
and the cerebrum have been demonstrated by Strick’s 
group,42,43 connected by the pons and thalamus. However, 
the exact neurobiology of the cerebellum that partici-
pates in high-order processing remains unclear.

Evidence that schizophrenia patients have cerebellar 
abnormalities has been accumulated for several decades.44 
Anatomical studies have reported reduction in cerebellar 
size in schizophrenia,45,46 which may result from decreased 
linear density or size in Purkinje cells.47 Purkinje cells are 
important in modulating the output from the cerebellum 
to the cerebrum for providing input to the deep nuclei, 
such as the dentate nucleus. Functional imaging studies 

have revealed reduced cerebellar metabolism and dysfunc-
tion in schizophrenia (for reviews, see48,49). The above-
mentioned studies have provided important evidence for 
cerebellar abnormalities in schizophrenia. However, the 
abnormalities of the cerebellar-cerebral connectivities in 
schizophrenia, especially the cerebellar-DMN connectiv-
ities, remain unclear.

Recently, Wang et al50 reported significantly decreased 
cerebellar FCs with the DMN, including the middle fron-
tal gyrus, anterior cingulate cortex (ACC), supplemen-
tary motor area, and thalamus. The patients especially 
lacked the positive correlations between the strength 
of frontocerebellar and thalamocerebellar FCs found 
in the controls. However, this study is limited for their 
medicated patients with relatively long illness duration. 
As previously mentioned, medication use, and long ill-
ness duration could have biased their findings. Therefore, 
recruiting alternative participants, such as unaffected sib-
lings of schizophrenia patients, is beneficial in establish-
ing the potential contribution of the cerebellum to the 
DMN abnormalities in schizophrenia.

A relatively large sample of unaffected siblings was 
recruited in this study to examine the cerebellar FCs with 
the DMN. The differences in the cerebellar-DMN con-
nectivities between the siblings and the controls were com-
pared using cerebellar seeds involved in the DMN.36–40 
Based on the general consideration that schizophrenia 
has overall reduced FCs51 and a previous study reporting 
decreased cerebellar-DMN connectivities in schizophre-
nia,50 we hypothesized that the unaffected siblings would 
show decreased FCs with the DMN. Meanwhile, an endo-
phenotype (1) is heritable, (2) segregates with the disease 
within families and differs between the patients and the 
controls, and (3) may or may not be observed in unaffected 
relatives of the patient within families, but the patient have 
it.29 Thereafter, the analysis process was replicated in a 
group of first-episode, drug-naive schizophrenia patients 
to identify the candidate endophenotypes for schizo-
phrenia. Given that unaffected siblings of schizophrenia 
patients exhibited similar but mild brain abnormalities as 
the patients,30,31 the findings of decreased cerebellar-DMN 
connectivities were expected to be present in the patients.

Methods and Materials

Participants

A total of 92 individuals were recruited for this study, 
including 46 unaffected siblings of schizophrenia patients 
and 46 healthy controls. All participants were right-
handed and aged from 16 to 30  years with more than 
9 years of normal education. The siblings and the con-
trols were group-matched based on age, sex, and years 
of education. This study was approved by the local eth-
ics committee of the First Affiliated Hospital, Guangxi 
Medical University. All participants provided their writ-
ten informed consent to participate in this study.
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The unaffected siblings were recruited from the 
Mental Health Center, the First Affiliated Hospital, 
Guangxi Medical University, China, while the healthy 
controls were recruited from the community. Unaffected 
siblings had brothers or sisters diagnosed with schizo-
phrenia based on the Structured Clinical Interview 
of the Diagnostic and Statistical Manual of  Mental 
Disorders-IV (SCID) criteria, patient edition.52 The sib-
lings and the controls were unrelated to one another, 
and screened by SCID, nonpatient edition.52 Physical 
exam and routine laboratory examination, such as liver 
function and electrocardiogram, were done for all par-
ticipants to exclude possible common medical problems. 
Healthy controls had no first-degree relatives with a 
psychiatric disorder. All participants shared the follow-
ing exclusion criteria: neurological or psychiatric disor-
ders (including past head injury based on self-reported 
healthy information), acute physical disease, substance 
abuse or dependence (including cannabis use or alcohol 
abuse), and contraindications for magnetic resonance 
imaging (MRI) scanning.

To identify the candidate endophenotypes for schizo-
phrenia, we recruited 49 right-handed schizophre-
nia patients from the Mental Health Center, the First 
Affiliated Hospital, Guangxi Medical University, China. 
Schizophrenia was diagnosed using the SCID, patient 
version.52 Positive and Negative Symptom Scale (PANSS) 
was used to assess symptom severity at the scan time. The 
patients were first-episode and drug-naive with the DUP 
of less than 3 years, and aged from 16 to 30 years with 
more than 9 years of education level. The exclusion cri-
teria were as follows: neurological disorders, severe medi-
cal disorders, substance abuse, or any contraindications 
for MRI scan. Fourteen patients and 14 siblings were sib 
pairs, and the others came from different families. The 
patients also gave their written informed consent to par-
ticipate in this study.

Scan Acquisition

Images were obtained in a Siemens 3T scanner. 
Participants were instructed to keep motionless with their 
eyes closed and remain awake. Soft earplugs and foam 
pads were used on the participants to minimize scanner 
noise and head motion. Resting-state functional images 
were acquired with the following parameters using a 
gradient-echo echo-planar imaging (EPI) sequence: rep-
etition time/echo time = 2000 ms/30 ms, 30 slices, 64 × 64 
matrix, 90° flip angle, 24 cm field of view, 4 mm slice 
thickness, 0.4 mm gap, and 250 volumes (500 s).

Image Preprocessing

Functional images were preprocessed with Data 
Processing Assistant for Resting-State fMRI.53 After slice 
timing and head motion correction, no participants had 
more than 2 mm of maximal translation and more than 

2° of maximal rotation. The images were then normalized 
to the standard Montreal Neurological Institute (MNI) 
EPI space in SPM8 and resampled to 3 × 3  × 3 mm3. 
The obtained images were subsequently smoothed (with 
a 4-mm full width at half  maximum Gaussian kernel), 
bandpass filtered (0.01–0.08 Hz), and linearly detrended. 
We regressed out several spurious covariates, including 6 
head motion parameters obtained by rigid body correc-
tion, signal from a ventricular region of interest (ROI), 
and signal from a region centered in the white matter. The 
global signal was not regressed out as suggested in pro-
cessing the FC data.54

FC Analysis

A seed-based FC method was employed to detect the 
resting-state cerebellar FC patterns in the siblings and 
in the controls. Three seed ROIs were chosen in the 
right Crus I  (MNI: 33, −76, −34), left Crus I  (MNI: 
−33, −76, −34), and lobule IX (MNI: 0, −55, −49). 
These ROIs showed intrinsic connectivities with the 
DMN in patients with schizophrenia50 and healthy par-
ticipants.36,37 Seed ROIs were defined as 6 mm radius 
spheres for FC analysis using the software REST.55 
Correlation maps were created for each seed and each 
participant by computing the Pearson correlation coef-
ficients between the ROI and other voxels of  the whole 
brain. The obtained correlation maps were z-trans-
formed with Fisher’s r-to-z transformation to improve 
the normality of  the distribution.

One-sample t-tests were used for each seed and each 
group to identify voxels that exhibited significant correla-
tions with the ROI. The significance level was set at P < 
.01 corrected for multiple comparisons using the Gaussian 
Random Field (GRF) theory (min z > 2.5758, cluster 
significance: P < .01). Voxelwise two-sample t-tests were 
then performed to calculate group differences within the 
union mask of one-sample t-test results of both groups. 
The significance level for each group was set at P < .01 
(GRF corrected). Given that head micromovement may 
affect the FC findings,56 we calculated the framewise dis-
placement (FD) for each participant as described in a 
previous study,56 and used it as a covariate in the group 
comparisons.

Results

Participants

The characteristics of the participants are shown in 
table  1. The 2 groups have no significant differences in 
age, sex ratio, years of education, and FD values.

FC patterns of the cerebellar seed ROIs

The resting-state FC patterns of the seed ROIs are shown 
in figure 1. For each group, each seed ROI exhibited dis-
tributed FCs with the DMN using one-sample t-tests. 
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A  union mask for each seed was made based on the 
results of the one-sample t-tests of both groups for the 
following group comparisons.

Seed-Based FCs: Group Differences

Compared with the controls, the siblings showed signifi-
cantly increased FCs between the left Crus I and the left 
superior medial prefrontal cortex (MPFC), as well as 
between the lobule IX and the bilateral MPFC (orbital 
part) and right superior MPFC (figure 2; table 2). No sig-
nificantly decreased FC was found in the siblings relative 
to the controls.

Fig. 1.  Brain regions with the cerebellar-DMN connectivities at rest. Correlation maps for the controls and the unaffected siblings of 
schizophrenia patients are displayed in the left and right columns. Red denotes higher connectivities and the color bar indicates the T 
values from one-sample t-tests. DMN, default-mode network.

Table 1.  Characteristics of the Participants

Demographic Data
Siblings  
(n = 46)

Controls 
(n = 46)

P 
value

Sex (male/female) 29/17 23/23 .21a

FD (mm) 0.06 ± 0.03 0.05 ± 0.02 .13b

Age (years) 22.96 ± 4.01 23.30 ± 2.30 .62b

Years of education 
(years)

11.50 ± 2.21 11.34 ± 1.78 .85b

Note: FD, framewise displacement.
aThe P value for sex distribution was obtained by chi-square test.
bThe P values were obtained by two samples t-tests.
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Identifying Candidate Endophenotypes for 
Schizophrenia

To identify candidate endophenotypes for schizophrenia, 
the analyses were repeated in the patients from our previ-
ous study.3 The characteristics of the patients are exhibited 
in supplementary table 1. Supplementary figure 1 shows 
that both the patients and the controls exhibited wide-
spread FCs with the DMN for each cerebellar seed using 
one-sample t-tests. For each seed, analyses of covariance 
(ANCOVA) were performed at each voxel within the union 
mask of one-sample t-test results of 3 groups with the 
mean FD as a covariate (supplementary figure 2), followed 
by post hoc t-tests to identify differences between each pair 
of groups. Compared with the controls, the patients exhib-
ited significantly increased FCs between the left Crus I and 
the left superior MPFC and left angular gyrus (AG), as 
well as between the lobule IX and the left MPFC (orbital 
part) and left middle cingulate cortex (Supplementary fig-
ure 3; Supplementary table 2). By contrast, decreased FC 
was observed between the left Crus I and the bilateral ACC 
in the patients relative to the controls (Supplementary 

figure 3; Supplementary table 2). The post hoc t-test results 
between the siblings and the controls (supplementary 
table 2) were similar to the results in table 2.

The mean FC values were extracted from the clus-
ters with abnormal cerebellar-DMN connectivities in 
the patients. After assessing the normality of the data, 
Pearson correlations were conducted between the mean 
FC values and the clinical variables (such as DUP and 
symptom severity). A  significantly negative correlation 
was found between the PANSS negative scores and the 
mean FC values of the left Crus I-left AG connectivity 
in the patient group (r = −.365, P = .010, supplementary 
figure 4).

Discussion

Cerebellar seeds that were linked to the DMN were used 
in this study to examine the cerebellar FC patterns with 
the DMN in unaffected siblings of schizophrenia. The 
main results showed that the siblings exhibited increased 
cerebellar-DMN connectivities compared with the 
controls.

Combined with the results from the patients, the sib-
lings and the patients shared increased FCs between 
the left Crus I  and the left superior MPFC, as well 
as between the lobule IX and the left MPFC (orbital 
part), which could serve as candidate endophenotypes 
for schizophrenia. As mentioned in the Introduction, 
the endophenotype concept refers to the trait inter-
mediate clinical symptoms and underlying gene-based 
pathophysiology of  psychiatric disorders.57 From the 
definition, candidate endophenotype can be biochemi-
cal, neurophysiological, neuroanatomical, endocrine, or 
cognitive measures. The patients and the siblings in this 
study shared increased cerebellar-DMN connectivities, 
which may serve as candidate endophenotypes based on 
its concept.

In contrast to the traditional sib pair approach (using 
the patient-sibling pairs from the same families), only 14 
patients and 14 siblings were sib pairs, whereas the other 

Fig. 2.  Statistical maps showing group differences of the cerebellar-DMN connectivities in the unaffected siblings of schizophrenia 
patients at rest. Red denotes higher connectivities in the siblings and the color bar indicates the T values from two-sample t-tests. DMN, 
default-mode network, MPFC, medial prefrontal cortex.

Table 2.  Brain Regions With Increased Cerebellar Connectivity in 
Unaffected Siblings of Schizophrenia Patients

Cluster Location

Peak (MNI)
Number 
of Voxels T Valuex y z

Seed: Left Crus I
  Left superior MPFC −15 54 3 24 3.5101
Seed: Right Crus I
  None
Seed: lobule IX
 � Bilateral MPFC 

(orbital part)
3 30 −12 36 4.1881

 � Right superior 
MPFC

9 54 6 43 3.6804

Note: MPFC, medial prefrontal cortex; MNI, Montreal 
Neurological Institute.

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1
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participants were from different families and unrelated to 
one another. The inclusion criterion is a novel approach 
as previously mentioned.58 First, the traditional sib pair 
approach indicates the heritability given the approxi-
mately 50% genetic similarity between the patients and the 
siblings. The shared genes include the susceptibility genes 
for schizophrenia and genes unrelated to schizophrenia.59 
Thus, the specificity of the findings from the traditional 
sib pair approach as candidate endophenotypes is low 
(supplementary figure  5). In contrast, the inclusion of 
the patients and the siblings unrelated to one another can 
minimize the effect from genes unrelated to schizophre-
nia, and thus enhance the specificity of increased cerebel-
lar-MPFC connectivities as candidate endophenotypes 
for schizophrenia. Second, the patients and unrelated 
siblings were from different early life and family environ-
ment. The present recruitment criterion can also mini-
mize the effect from the shared environment background 
as observed in the traditional sib pair studies. Finally, no 
correlations were found between the mean FC values of 
the cerebellar-MPFC connectivities and clinical variables 
(such as DUP and symptom severity) in the patients (only 
a significantly negative correlation was found between the 
PANSS negative scores and the mean FC values of the 
left Crus I-left AG connectivity in the patients), indicat-
ing that the increased cerebellar-MPFC connectivities 
may be trait alterations for schizophrenia independent 
of symptom severity and illness duration. Previously, 
increased prefrontal hyperconnectivity has been reported 
to correlate positively with treatment improvement,60 and 
increased negative symptom scores are generally consid-
ered to be with poor treatment outcome. Hence, it is not 
surprised that a significantly negative correlation was 
observed between the PANSS negative scores and the 
mean FC values of the left Crus I-left AG connectivity in 
the patients. Based on the above-mentioned reasons, the 
specificity of the increased cerebellar-MPFC connectivi-
ties serving as candidate endophenotypes is high.

The increased cerebellar-DMN connectivities in the 
siblings appear inconsistent with our hypothesis and gen-
eral consideration that schizophrenia patients had over-
all reduced FCs.51 The prevailing perspective of  overall 
reduced FCs in schizophrenia is based on studies with 
chronic and/or medicated schizophrenia patients. In con-
trast, some studies have observed increased frontal FCs 
in early-course, drug-naive patients.3,60 Increasing gluta-
mate concentrations in the frontal regions were found in 
early-course schizophrenia patients,61,62 which may lead 
to frontal hyperconnectivities. When the findings from 
chronic and early-course schizophrenia are combined, 
progressive reduction of  frontal FCs with illness dura-
tion is portrayed, with increased frontal FCs in early-
course patients and decreased frontal FCs in chronic 
patients. The patients in the present study are first-epi-
sode, drug-naive individuals with a relatively short DUP 
(mean DUP: 22.45  months). Therefore, patients who 

show increased cerebellar-DMN connectivities are not 
surprising. Decreased FC was observed between the left 
Crus I and the bilateral ACC in the patients; however, 
whether reduced cerebellar-DMN connectivity is present 
before or after the emergence of  increased cerebellar-
DMN connectivities remains unclear. By contrast, only 
increased cerebellar-DMN connectivities were found 
in the siblings. Although the siblings were unaffected 
at the scan time, they were individuals with higher risk 
than the general population to develop schizophrenia. 
Together with the findings from the patients and the sib-
lings, this study suggests that increased cerebellar-DMN 
connectivities appear earlier than illness onset,63 and 
decreased cerebellar-DMN connectivities emerge after 
illness onset.

The results offer supporting evidence for the neuro-
developmental model of  schizophrenia. Previously, a 
seed-based FC analysis was conducted to examine the 
FC differences of  the prefrontal-thalamic-cerebellar 
circuit in healthy participants (children, adolescents, 
and adults),64 and the results showed that the connec-
tivities of  this circuit present an inverted U-curve with 
maximal point in adolescents. In particular, healthy 
children showed absent prefrontal-thalamic connectiv-
ity. However, the exact time points of  developmental 
alterations are difficult to decide because of  limited evi-
dence from a single cross-sectional study.64 Considering 
that the patients in the present study are aged from 16 to 
30 years, which is the developmental stage from adoles-
cents to adults, the increased cerebellar-DMN connec-
tivities are supposed to be disrupted by schizophrenia, 
and thereby remain at a relatively high position of  the 
inverted U-curve. As previously mentioned, hypercon-
nectivities emerged before illness onset,63 and the siblings 
were at a high risk to develop schizophrenia. Therefore, 
the siblings who exhibit increased cerebellar-DMN con-
nectivities, which may serve as candidate endopheno-
types for schizophrenia, are not surprising.

The increased cerebellar-DMN connectivities are 
also informative from the physiological meaning of FC. 
Increased connectivity is often interpreted as compen-
satory reallocation or dedifferentiation.65–68 The com-
pensatory effort may be modulated by inflammation in 
the early course of schizophrenia.60 In the early course 
of the disease, the astrocytes can be activated by proin-
flammatory cytokines (such as interleukin-6) and exhibit 
hyperfunction (increased metabolism and blood flow).69 
Regional hyperfunction can lead to increased regional 
activity and FC. As supporting information, hypercon-
nectivities across the DMN regions have been reported 
in early-course schizophrenia.60 The siblings also exhib-
ited increased cerebellar-DMN connectivities, indicating 
that the inflammatory effect may be present before illness 
onset.63 Although this study speculated the increased 
cerebellar-DMN connectivities were compensatory effort 
associated with the inflammatory effect in the patients 

http://schizophreniabulletin.oxfordjournals.org/lookup/suppl/doi:10.1093/schbul/sbv062/-/DC1


1323

Increased Cerebellar-DMN Connectivity in Siblings

and the siblings, the exact neurobiology underlying the 
compensatory effort requires further evidence.

At first glance, the results of  this study are inconsistent 
with a previous study in schizophrenia patients,50 which 
reported decreased cerebellar-DMN connectivities in 
schizophrenia patients. However, the findings of  Wang 
et al are consistent with the results of  this study when 
their results are conceived from the neurodevelopmental 
perspective. The patients in the study of  Wang et al were 
chronic and medicated, with a mean age of  38 years old. 
Long illness duration and medication use, in addition 
to the age effect, might have influenced their decreased 
cerebellar-DMN connectivities. Their patients are sup-
posed to have decreased cerebellar-DMN connectivities 
based on the neurodevelopmental model. Indeed, their 
patients showed reduced cerebellar-DMN connectivi-
ties without increased cerebellar-DMN connectivities. 
Therefore, the study of  Wang et  al supports our view 
that increased cerebellar-DMN appears earlier than ill-
ness onset (as seen in the siblings) and decreases with 
illness duration.

Increased cerebellar-DMN connectivities are observed 
in the siblings using cerebellar seeds that have been 
proven to connect with the DMN. This selection method 
enhances the specificity of the results that focus on the 
DMN. The MPFC is a key node of the DMN and is 
essential in self-referential processing and emotional 
regulation.70–72 Increased cerebellar-MPFC connectivities 
might affect the function integration of the DMN, and 
they contributed to the disturbances of cognition and 
enhanced risk for the disease in the siblings.7

This study has certain limitations. First, this study 
is cross-sectional, and whether part of the unaffected 
siblings would subsequently develop schizophrenia is 
unknown. Conducting a longitudinal study to compare 
the differences between unaffected siblings who would 
develop schizophrenia later and those who would not 
would be interesting. Second, psychological assessments 
were not performed in this study, and the relationship 
between increased cerebellar-DMN connectivities and 
psychological parameters in the siblings is unknown. 
Finally, cerebellar seeds that have been proven to link to 
the DMN were used. This method enhances the specific-
ity of the results that focus on the DMN. For the same 
reason, other brain connectivities have been excluded 
from the results.

Despite the limitations, increased cerebellar-DMN 
connectivities in unaffected siblings of  schizophrenia 
patients are first reported in this study. The results 
indicate that increased cerebellar-DMN connectivi-
ties appear earlier than illness onset, and highlight 
the cerebellar contribution to the DMN abnormali-
ties in unaffected siblings. The siblings and the patients 
share increased cerebellar-left MPFC connectivities, 
which may serve as candidate endophenotypes for 
schizophrenia.
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