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ARTICLE
Structural-functional decoupling predicts suicide attempts

in bipolar disorder patients with a current major
depressive episode

Haiteng Jiang', Rongxin Zhu', Shui Tian*3, Huan Wang>3, Zhilu Chen’, Xinyi Wang®?3, Junneng Shao??, Jiaolong Qin*, Jiabo Shi',
Haiyan Liu', Yu Chen', Zhijian Yao™* and Qing Lu@®?*?

Bipolar disorder (BD) is associated with a high risk of suicidality, and it is challenging to predict suicide attempts in clinical practice
to date. Although structural and functional connectivity alterations from neuroimaging studies have been previously reported in BD
with suicide attempts, little is known about how abnormal structural and functional connectivity relates to each other. Here, we
hypothesize that structure connectivity constrains functional connectivity, and structural-functional coupling is a more sensitive
biomarker to detect subtle brain abnormalities than any single modality in BD patients with a current major depressive episode
who had attempted suicide. By investigating structural and resting-state fMRI connectivity, as well as their coupling among 191 BD
depression patients with or without a history of suicide attempts and 113 healthy controls, we found that suicide attempters in BD
depression patients showed significantly decreased central-temporal structural connectivity, increased frontal-temporal functional
connectivity, along with decreased structural-functional coupling compared with non-suicide attempters. Crucially, the altered
structural connectivity network predicted the abnormal functional connectivity network profile, and the structural-functional
coupling was significantly correlated with suicide risk but not with depression or anxiety severity. Our findings suggest that the
structural connectome is the key determinant of brain dysfunction, and structural-functional coupling could serve as a valuable
trait-like biomarker for BD suicidal predication over and above the intramodality network connectivity. Such a measure can have

clinical implications for early identification of suicide attempters with BD depression and inform strategies for prevention.

Neuropsychopharmacology (2020) 45:1735-1742; https://doi.org/10.1038/s41386-020-0753-5

INTRODUCTION
Bipolar disorder (BD), typically characterized by recurrent episodes
of mania/hypomania and depression, is a mental disorder most
associated with suicide, especially during the major depressive
episode [1, 2]. Based on the statistic, the estimated prevalence of
suicide attempts in BD type | and BD type Il was about 32.4% and
36.3%, respectively [3], which is ~20-30-fold greater than the
general population [1]. Given the high suicide risk in BD, early
identification and intervention are particularly important in clinical
practice. However, the current suicide risk identification, which
mainly relies on clinical assessments such as interviews or scale, is
unsatisfactory because of the subjectivity of retrospective clinical
information and self-reports by patients. Besides, about 80% of
persons who committed suicide would cover up their suicidal
ideation to doctors or health providers [4]. Therefore, objective
neural markers are in urgent need to identify and predict suicide
attempts as early as possible.

The advent of brain imaging techniques such as diffusion tensor
imaging (DTI) and functional magnetic resonance imaging (fMRI)

provide the new avenue to probe the structurally and functionally
interconnected brain network [5-8]. Structural connectivity (SC)
can be mapped via DTl using white matter tractography, while
functional connectivity (FC) can be quantified by the temporal
correlation between blood oxygen level-dependent fMRI signals.
Abnormalities in SC and FC have been reported in BD with
attempted suicide behaviors [9-12]. However, most previous
studies in suicidal behavior focus on only a single modality,
which might be insufficient to depict the pathological changes
[13, 14]. Therefore, the combination of both structural and FC may
help better understand the pathological mechanism of suicide
behaviors.

Structural and functional connectivity provides different per-
spectives on brain function, and they are interrelated. It has been
suggested that SC shapes and constrains FC across the brain
network at various spatial scales, while FC exerts influences on SC
through the plasticity mechanism [5, 15]. As such, SC-FC coupling
was proposed to study the association between SC and FC.
Studies have demonstrated SC-FC coupling’s potential to detect

"Department of Psychiatry, The Affiliated Brain Hospital of Nanjing Medical University, 264 Guangzhou Road, Nanjing 210029, China; School of Biological Sciences and Medical
Engineering, Southeast University, 2 Sipailou Street, Nanjing 210096, China; *Child Development and Learning Science, Key Laboratory of Ministry of Education, Southeast
University, Nanjing 210096, China; *Key Laboratory of Intelligent Perception and Systems for High-Dimensional Information of Ministry of Education, School of Computer Science
and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China and ®Nanjing Brain Hospital, Medical School of Nanjing University, 22 Hankou Road,
Nanjing 210093, China

Correspondence: Zhijian Yao (zjyao@njmu.edu.cn) or Qing Lu (lug@seu.edu.cn)

These authors contributed equally: Haiteng Jiang, Rongxin Zhu

Received: 10 April 2020 Revised: 14 June 2020 Accepted: 22 June 2020
Published online: 30 June 2020

© The Author(s), under exclusive licence to American College of Neuropsychopharmacology 2020 SPRINGER NATURE


http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-020-0753-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-020-0753-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-020-0753-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-020-0753-5&domain=pdf
http://orcid.org/0000-0001-7717-391X
http://orcid.org/0000-0001-7717-391X
http://orcid.org/0000-0001-7717-391X
http://orcid.org/0000-0001-7717-391X
http://orcid.org/0000-0001-7717-391X
mailto:zjyao@njmu.edu.cn
mailto:luq@seu.edu.cn
www.nature.com/npp

Structural-functional decoupling predicts suicide attempts in...
H Jiang et al.

1736

more subtle brain abnormalities than any single modality
[13, 14, 16, 17]. However, it is still unknown whether SC-FC
coupling is altered in BD depression patients with suicide
attempts and how abnormal SC and FC relates to each other.

In this study, we recruited a large cohort of participants (N=
304, 191 BD depression patients with or without a history of
suicide attempts and 113 healthy controls) and combined
structural and FC to investigate the neuropathology related to
suicide attempts in BD depression patients. Since SC provides the
physical basis for information flow in the brain [18], we predict
that abnormal SC network should impose strong constraints on FC
network. Furthermore, we hypothesize that SC-FC coupling may
provide a more sensitive biomarker to detect subtle brain
abnormalities than SC or FC, and may shed new insights into
the understanding of the pathophysiological mechanisms in BD
depression patients with suicide attempts.

MATERIALS AND METHODS

Participants

A total of 191 in patients diagnosed with BD were recruited from
the Affiliated Brain Hospital of Nanjing Medical University between
September 2014 and April 2019. All BD patients were in the major
depressive episode and diagnosed by at least two attending
psychiatrists using the Mini-International Neuropsychiatric Inter-
view (MINI, Chinese version) [19], according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders, 4th Edition,
Text Revision (DSM-IV-TR). The inclusion criteria were as follows:
(1) right-handed and native Han Chinese; (2) age between 18 and
55 years; (3) the 17-item Hamilton Depression Rating Scale
(HAMD-17) scores =17; (4) no comorbidity with other mental
disorders that meet criteria of DSM-IV axis-l disorders; (5) no
systematic psychotherapy or physical therapy in the past
6 months; (6) no psychotropic medication use including anti-
depressants, mood stabilizers, and antipsychotics in the past
6 weeks. For healthy controls (HC), 113 participants who had no
lifetime DSM-IV axis-l psychiatric disorders, a history of substance
abuse or dependence assessed by MINI, no family history of any
mental disorders among their first-degree relatives assessed by
Family History Screen for Epidemiological Studies [20], and no
history of neurological disorders were recruited from the local
community. Besides, participants were excluded if they had the
following conditions: (1) severe somatic diseases and serious
neurological disorders confirmed by the past medical history or
laboratory test; (2) pregnant or active breastfeeding female
participants; (3) inability to undergo magnetic resonance imaging
(MRI) scan.

All participants underwent an MRI scan within 2 days of the
clinical examination. For all BD depression patients, the MRI
scanning was always conducted prior to the initiation of
treatment. Among them, 15 BD and 1 HC participants were
excluded due to excessive head movements and poor image
quality. In the final analyses, 176 BD and 112 HC were included.
Furthermore, the suicide attempt was evaluated according to the
definition by the American Psychiatric Association in 2003. Suicide
attempt was defined if participants had at least one documented
self-injurious act with the intent to die in the current episode,
confirmed by medical records and the HAMD-17 3-item (suicide)
score 22 [21]. Subsequently, BD depression patients were divided
into two subgroups: 75 individuals with at least one suicide
attempt during the recent depressive episode (SA group) and 101
with no suicide attempt history during the present or in previous
depressive episodes (NSA group).

Ethical statement

This study was approved by the Local Medical Ethics Committee at
the Affiliated Brain Hospital of Nanjing Medical University and
abided by the ethical guidelines of the World Medical Association
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Declaration of Helsinki [22]. Written informed consent was

provided to all participants.

Clinical assessments

Age, gender, and education information were collected for all
participants. Among BD patients, the severity of depressive
symptoms and anxiety symptoms were assessed using the 17-
item HAMD [23] and the Hamilton Anxiety Rating Scale (HAMA)
[24], respectively. In addition, the suicide risk in BD was assessed
using the Nurses’ Global Assessment of Suicide Risk (NGASR) [25].
The NGASR is an “evidence-based” suicide risk evaluation scale,
including not only current clinical manifestations (e.g., presence/
influence of hopelessness) but also distal clinical factors (e.g.,
family history of serious psychiatric problems or suicide). Fifteen
factors are involved in the scale with different weightings (see
Supplementary Table S1). The total NGASR score represents the
severity of suicide risk, thus the higher score corresponds to
higher suicide risk. Table 1 summarized the demographic and
clinical characteristics of all participants.

Neuroimaging data acquisitions and preprocessing

MRI data acquisition. The fMRI data of all participants were
acquired using a 3.0T Siemens MRI system (Siemens Medical
Solutions, Germany) at the Department of Medical Imaging, the
Affiliated Brain Hospital of Nanjing Medical University. The DTI
and resting-state functional data were collected while partici-
pants were instructed to keep their eyes closed, minimize
head movement, stay awake, and not think about anything.
No participants reported falling asleep during the scanning
when asked right after the scanning. Head motion was limited to
<2.5 mm translation and/or 2.5° rotation.

The DTI data were obtained with the following parameters:
diffusion was measured along 30 noncollinear directions with
b=1000s/mm? and an additional image without diffusion
weighting with b =0, repetition time (TR) = 6600 ms, echo time
(TE) =93 ms, flip angle =90°, matrix =128 x 128, field of view
(FOV) = 240 x 240 mm?, slice thickness/gap = 3/0 mm, acquisi-
tion voxel size = 1.875 x 1.875 x 3 mm>. The resting-state func-
tional data were obtained using an echo-planar imaging
sequence with the following parameters: TR =3000 ms, TE =
40 ms, matrix = 64 x 64, FOV = 240 x 240 mm?, flip angle (FA) =
90°, voxel size =3.75 x 3.75 x 4 mm?>, 32 axial slices with thick-
ness/gap =4/0mm, and 133 volumes. For the T1-weighted
image, the acquisition parameters were as follows: TR = 1900
ms, TE=2.48ms, matrix=256x256, FOV =250x250 mmz,
thickness/gap = 1.0/0 mm, flip angle = 9°, inversion time = 900
ms, and acquisition voxel size =1x1x 1 mm?>.

Structural connectivity preprocessing. The DTl data were prepro-
cessed using the FMRIB Software Library toolbox [26]. The head
motion artifacts and eddy current distortions were corrected by
applying a rigid-body transformation to the b0 image. Then, the
diffusion tensor matrix was computed based on the Stejskal and
Tanner equation. By diagonalizing the tensor matrix, three
eigenvalues and eigenvectors were acquired, and FA maps were
estimated. Following that, we registered each b0 image to the
Montreal Neurological Institute (MNI) space via the corresponding
T1 image with Diffusionkit [27]. For the fiber tracking, diffusion
toolkit was used, and whole-brain tractography was computed via
fiber assignment by continuous tracking algorithm [28]. Fiber
tracking was terminated when FA < 0.2 or the minimum angle was
larger than 50°.

Resting-state functional connectivity preprocessing. The resting-
state fMRI data were preprocessed by the Data Processing
Assistant for Resting-State fMRI [29] and the Statistical Parametric
Mapping software (SPM8; http://www. fil.ion.ucl.ac.uk/spm). The
first six volumes were excluded to allow signal equilibrium. Then,
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Table 1. Demographic and clinical characteristics of the sample.

Characteristic SA NSA Controls t/F/x° P
Numbers of subjects 75 101 112 -

Age (years) 27.11£9.00 31.00£10.35 32.65+9.28 7.61° 0.001**
Education (years) 13.65+3.11 13.67 £3.09 1517 £2.52 9.31° 0.000™"
Gender (male/female) 22/53 43/58 41/71 3.25¢ 0.197
Course of disease (months) 63.32+71.62 73.79 + 66.81 —0.98° 0.329
Family history of suicide (yes/no) 6/69 7/94 0.07¢ 0.789
Total scores (HAMD-17) 23.33+4.54 22.07+4.34 1.87°* 0.063
HAMD-17 (3rd item, suicide) 3.12+0.62 1.63+1.10 11.4°* 0.000™"
Total scores (HAMA) 15.47 +6.87 16.98 +7.84 —1.32°* 0.189
Total scores (NGASR) 13.16+2.32 7.25+2.99 14.67°% 0.000™"
Number of episodes of depression 3.60+2.38 3.10+1.81 1.555% 0.124
Number of episodes of mania’/hypomania 229+247 2.29+1.89 —0.02°* 0.983
Comorbid substance abuse/dependence 8/67 5/96 2.06°* 0.152
Mean framewise displacement (FD) 0.11+0.04 0.12 +0.06 0.20 +0.07 1.112 0.330
HAMD-17 17-item Hamilton Depression Rating Scale, HAMA Hamilton Anxiety Rating Scale.

**p <0.01; ***p < 0.001; *SA vs. NSA.

#Univariate ANOVA.

bTwo-sample t test.

“Pearson Chi-square test.

the remaining volumes were correlated for slice timing, realigned
for head motion corrections, and spatially normalized to the MNI
space. After that, the normalized images were resampled to 3 X
3x3mm? smoothed with 6 mm kernel and band-pass filtered
with 0.01-0.08 Hz to reduce low-frequency drift effects and high-
frequency noise. Source of spurious variances (e.g. Friston 24
parameter obtained via head motion correction, the signals from
the whole brain, white matter, and cerebrospinal fluid) were
removed through linear regression. Participants were excluded if
their head motions exceed 2.5 mm translationally or 2° in any
direction.

Structural connectivity network and functional connectivity network
construction. We defined each region of interest from auto-
mated anatomical labeling (AAL) atlas consisting of 90
regions as a network node (see Supplementary Table S2) [30].
Using inverse transformations, AAL atlas from the MNI space was
registered to the individual’'s native space. In native diffusion
space, region (i) and region (j) were considered structurally
connected through an edge e= i, j) if the length of passing
fibers were longer than 10 mm and there were at least two
streamline counts. For each edge, we computed the mean FA
values of all fibers as its weights.

To obtain the FC network, the averaged fMRI time series were
extracted from each of the AAL atlas with 90 regions. Then,
Pearson correlations were computed on the averaged time
series between all paired regions, resulting in a 90x90 FC
matrix. To improve the normality, Fisher-Z transformation was
applied to the correlation coefficients.

Structural-functional coupling analysis. SC-FC coupling was
estimated by the correlation between the strengths of structural
and FC networks [15]. For each participant, all nonzero SC edges
were selected from the SC network and rescaled into a Gaussian
distribution. Then, their corresponding FC from the FC network
was extracted and correlated with their structural counterparts.
This results in a single structural-functional coupling metric for
each participant, representing the SC-FC coupling strength within
the network.

Neuropsychopharmacology (2020) 45:1735 - 1742

Statistical analysis. The statistics of demographic and clinical
characteristics were conducted using Statistical Product and
Service Solutions (SPSS, version 22.0). For statistics between three
groups, x> tests were used to compare gender. Age and education
were analyzed using a one-way analysis of variance. When
comparing between SA and NSA groups, x° tests were conducted
to compare the family history of suicide and comorbid substance
abuse/dependence; two-sample t tests were used to compare
HAMD-17, HAMA, number of previous episodes, and NGASR. P <
0.05 was considered statistically significant.

The network-based statistic (NBS) was used to evaluate the
significant statistical network between different groups [31]. NBS
is a method based on the principles of classical cluster-based
thresholding of statistical parametric maps to control the family-
wise error rate when mass-univariate testing is performed at every
connection comprising the graph. When comparing the structural
and functional network differences between SA, NSA, and HC, an
independent F test was conducted on every connectivity value.
Connections with F values exceeding the primary threshold were
selected to form the topological clusters, in which the number of
connections within each cluster was defined as the observed
cluster score. Note that the choice of initial cluster-forming
threshold (primary threshold) depends on the researchers’
arbitrary decision, and there is no widely accepted criterion. Here,
we followed the recent NBS studies and set the primary threshold
at the p=10.001 level to have a stringent control of Type | error
[32, 33]. Next, the data across groups were randomized 5000 times
to obtain the reference cluster distribution. For each randomiza-
tion, we used the maximum number of connections across all
clusters to form the reference distribution. Then, observed cluster
scores exceeding the 95th percentile were considered as
significant (P < 0.05). For the post hoc paired comparisons (e.g.,
SA vs. NSA), the procedure was similar. The differences were
described as follows. We first masked the network connectivity
matrix with identified significant connections among three groups
and then applied an independent two-sample t test on the
connectivity value. Note that age and education were entered as
nuisance variables during the NBS since they were significantly
different between groups.
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Fig. 1 Structural connectivity (SC) differences. a The structural connectome network differences between SA, NSA, and HC identified by

NBS. A link in the circular plot represents a significantly different connection. The most involved nodes (degree > 3) are shown on the right
panel, in which the size of the node corresponds to the number of significant connections. b Similar to a but between SA and NSA. Bar plots
showing mean connectivity obtained within the significant network for SA and NSA. There was a significant difference between these two
groups (p <0.01). **P < 0.01. SA suicide attempt, NSA non-suicide attempt, HC healthy controls.

RESULTS

Demographic and clinical characteristics

The demographic and clinical information of all participants is
summarized in Table 1. The three groups were significantly
different in age and education (age: Fy.s5 =7.61, P<0.001;
education: F,g5y =931, P<0.0001). The SA group scored
significantly higher on the 3rd item of HAMD in suicide and
NGASR compared to the NSA group (P < 0.0001). Since age and
education were significantly among three groups, they were
treated as nuisance variables and controlled in all subsequent
neural data analysis.

Structural connectivity network

First, we examined the SC network differences between SA, NSA,
and HC. NBS revealed a significantly altered central and temporal
network (Fig. 1a). This network consisted of 18 regions and 19
connections, mainly involving left postcentral gyrus, left inferior
temporal gyrus, left inferior frontal gyrus (orbital part), left lingual
gyrus, and bilateral superior occipital gyrus. The post hoc analysis
between SA and NSA showed a decreased central-temporal SC
network in SA compared with NSA, which was composed of four
regions (left postcentral gyrus, left insula, left paracentral lobule,
and left superior temporal gyrus) and three connections (Fig. 1b).
More specifically, the left postcentral gyrus was the hub of the
altered SC network.

Functional connectivity network

Next, we investigated the FC network differences between SA,
NSA, and HC. There was a significantly changed frontal-temporal
network identified by NBS (Fig. 2a). This network included 39
regions and 48 connections, predominantly containing right
inferior frontal gyrus (orbital part), left superior temporal gyrus,
right middle frontal gyrus (orbital part), left inferior frontal gyrus
(opercular part), right superior parietal gyrus, and left insular.
Subsequently, the post hoc analysis between SA and NSA showed
a significantly increased frontal-temporal FC network (Fig. 2b).
This altered FC network compromised seven regions and six
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connections, predominantly involving right middle temporal
gyrus, left precentral gyrus, right inferior frontal gyrus (triangular
part), and right fusiform gyrus.

Structural-functional connectivity relations

After identifying the abnormal SC and FC network, we then ask
how they are related to each other. A cross-modality analysis was
conducted, in which we evaluated the SC in the altered FC
network (Fig. 1a) and the FC in the altered SC network (Fig. 2a).
Interestingly, we found that the FC within the altered SC network
was significantly different between three groups (F( 25 = 4.25,
P < 0.05, Fig. 3a), while this was not the case in the SC within the
abnormal FC network (F; 285y =0.83, P> 0.4, Fig. 3b). Moreover,
structural-functional connectivity coupling was investigated at
both the whole-brain level and local networks by combing the
altered SC and FC network in Figs. 1a, 2a. The structural-functional
connectivity couplings were significantly different between the
three groups at both the whole-brain network (F(3,2¢5) = 11.37, P <
0.001, Fig. 3¢) and the altered subnetwork (F, »g5) = 5.25, P < 0.05,
Fig. 3d). However, significant structural-functional decoupling
difference between SA and NSA was only observed in the
combined abnormal SC and FC networks (t (174) = 4.84, P < 0.001,
Fig. 3d).

Suicide risk and neuropsychological correlates

Finally, correlational analyses were performed between SC, FC,
and SC-FC coupling in which SA and NSA group differences were
detected. Relationships of SC, FC, and SC-FC coupling abnorm-
alities to clinical assessments (suicide risk, depression and anxiety
severity) were evaluated using Spearman correlation. There were
no associations between NGASR and SC within the altered SC
network or FC within the altered FC network. However, we did find
a significant negative correlation between SC-FC coupling within
the altered SC and FC network and NGASR (Fig. 4a, r=—0.32, p<
0.001). Importantly, the identified abnormal SC-FC couplings were
not significantly correlated with the severity of depression (Fig. 4b,
r=-0.12, p>0.2) or anxiety (Fig. 4c, r=—0.01, p > 0.8).

Neuropsychopharmacology (2020) 45:1735-1742



Fig. 2 Functional connectivity (FC) differences. a The functional connectome network differences between SA, NSA, and HC identified by
NBS. A link in the circular plot represents a significantly different connection. The most involved nodes (degree > 4) are shown on the right
panel, in which the size of the node corresponds to the number of significant connections. b Similar to a but between SA and NSA. Bar plots
showing mean connectivity obtained within the significant network for SA and NSA. There was a significant difference between these two
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Fig. 3 Structural-functional connectivity relations. a Mean FC within the significantly altered SC network. b Mean SC within the significantly
altered FC network. ¢ Structural-functional coupling differences between SA, NSA, and HC at the whole-brain network. d Similar to ¢ but in
the significantly altered SC and FC network. SA suicide attempt, NSA non-suicide attempt, HC healthy controls, SC structural connectivity, FC

functional connectivity, ns not significant. *p < 0.05; ***p < 0.005.

DISCUSSION

In this study, we investigated the underlying neuropathological
mechanisms involved in suicide attempts among BD depression
patients by integrating DTl and resting-state fMRI with a large

Neuropsychopharmacology (2020) 45:1735 - 1742

cohort of participants. Compared with the NSA group, the
SA group exhibited significantly decreased central-temporal

SC, increased frontal-temporal FC,

as decreased

structural-functional couplings. Furthermore, SC-FC coupling

SPRINGER NATURE
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was negatively correlated with the suicide risk but not with
depression or anxiety severity. These findings suggested that the
structural-functional decoupling was the core neuropathology
involved in attempted suicide behavior among BD depression
patients and could be more valuable for early identification of
suicide risk than individual SC or FC modality alone.

Numerous neuroimaging studies have reported dysfunctional
pathways of neural circuity involved in suicide ideation and
behavior [9, 10, 34-36]. The most consistent findings across
different psychiatric disorders for structural and functional
alterations associated with suicide ideation and behavior con-
verge particularly brain regions that subserve emotion and
impulse regulation involving the prefrontal cortex, insular, and
their mesial temporal, striatal and posterior connections, as well as
in the connections between these brain areas [37]. In line with
previous studies, we found decreased central-temporal SC and
increased frontal-temporal and central-temporal FC in SA
compared with NSA. Frontal alterations are thought to contribute
to dysfunction in executive control of mood [38] and emotional
pain processing [39], probably related to suicide [40, 41]. Central
regions are critical for inhibitory control [42], and impairments in
inhibitory control may lead to a great propensity to act on
aggressive or suicidal feelings [43]. Moreover, patients with SA
exhibited enhanced right middle temporal gyrus activation during
emotional face task state [44] and recalled suicidal episodes [45].
Overall, our study suggests that structural and functional
alterations of frontal-temporal and central-temporal networks
may play a distinct role in the vulnerability for suicide behaviors in
BD depression patients.

Structural and functional connectivity provide different per-
spectives of brain functioning, and abnormalities in both
modalities have been reported in patients with suicidal behaviors
and high-risk populations [9, 10, 46, 47]. However, the lack of
multimodal neuroimaging studies in suicidal behaviors using both
structural and functional MRI makes it challenging to understand
the pathophysiological processes fully. It has been demonstrated
that SC-FC coupling was informative and found to be decreased
in diseases such as epilepsy [14], stroke [17], Alzheimer’s disease
[16], or euthymic BD [13]. Here, we investigated the SC-FC
coupling for the first time in BD depression patients with suicide
attempts. Compared with NSA, SA showed a significantly
decreased SC-FC coupling at the altered SC and FC network
level, suggesting a loss of coherence of structural and functional
connectomes [48, 49]. Note that the significance was not
preserved at the whole-brain level, indicating that confined
network properties may be more sensitive than whole-brain in
reflecting brain abnormalities [50-52]. Moreover, SC-FC coupling
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rather than the altered SC or FC was found to be negatively
correlated with suicide risk (Fig. 4a), revealing a trait-like suicidal
marker. Critically, SC-FC coupling was not associated with
depression or anxiety (Fig. 4b, c), ruling out the potential
depression cofounding factors. Overall, these findings suggest
that the SC-FC coupling was a more robust suicidal predictor than
SC or FC.

Another important finding of this study was about the
directionality of suicide-related changes in SC and FC measures.
That is how SC and FC abnormalities relate to each other. It has
been shown that FC influences SC through mechanisms of
plasticity and is constrained by the underlying SC [5, 15].
Moreover, it has also been proved that SC predicts FC of the
individual brain, and one of the dominant predictors of
structure—function relations is the weights of the structure links
[53]. Interestingly, there was no overlap between the altered SC
network (Fig. 1a) and FC network (Fig. 2a) in our study, indicating
SC and FC alterations were distinct and separate. However, we
found that FC within the altered SC network was significantly
different among the three groups but not vice versa (Fig. 3a, b).
Overall, these results demonstrated that the abnormal SC profiles
involved in suicide attempters with BD depression had direct
impacts on the altered FC profiles.

Several limitations should be noted. First, although there was no
use of psychotropic medications in the previous 6 weeks before
the neuroimaging scanning, it may take longer for patients to
stabilize after changing or stopping the medication. Second,
structural and functional coupling was only assessed for
anatomically connected regions, while FC could also result from
indirect pathways [15]. Move advanced computational methods
are needed to consider the effect of these pathways on FC. In
addition, the averaged FC over the entire recording, whereas FC
has been indicated to possess dynamic property [54-57]. Even
though the dynamic of FC is not the scope of the current study,
this question remains to be essential for future understanding of
the pathology. Moreover, we did not differentiate between BD-|
and BD-ll groups, while there might be subtle differences in BD
subtypes. Besides, our findings were specific to BD patients with a
current major depressive episode and not necessarily extended to
BD patients with a manic episode or mixed episode. Lastly, our
study was a cross-session design; longitudinal studies are needed
to fully investigate the development of system features, their
transition from suicidal ideation to suicidal behavior in BD, and
whether it is generalized to other disorders.

In summary, we demonstrated altered SC and FC networks
along with SC-FC decoupling in BD depression patients with
suicide attempts compared with non-attempters. Critically, the
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altered SC network constrains the abnormal FC network profile,
suggesting the structural connectome is the key determinant of
functional connectome dysfunction. Furthermore, SC-FC decou-
pling in the altered SC and FC networks was correlated with
suicide risk, indicating it is a more sensitive maker than single SC
or FC modality. Overall, our findings may shed new light on the
pathology of suicide behaviors and have implications for early
intervention and prevention strategies.
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