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China, ® Department of Medical Imaging, Jinling Hospital, Medical Swol of Nanjing University, Nanjing, China

Objective: To identify the underlying intrinsic functional connectomchanges in patients
with alcohol dependence.

Methods: A functional connectivity density (FCD) analysis was use@ report on the
functional connectivity changes in 24 male patients with abhol dependence (age, 47.83

6.93 years) and 24 healthy male subjects (age, 47.67 6.99 years). We de ned the
voxels with a correlated threshold of > 0.25 inside their neighborhood (radius sphere
6 mm) as shortFCD, and radius sphere> 6 mm as longFCD. We repeated the network
analysis using a range of correlation r thresholds © 0.30, 0.35, 0.40, 0.45, 0.50, 0.6,
and 0.75) to determine whether between-group differences wre substantially affected
by the selection of the different R-value thresholds used. ROC curve was used to test
the ability of the FCD in discriminating between the two grqus. Pearson's correlation
was used to evaluate the relationships between the FCD diffences in brain areas and
demographic characteristics.

Results: The covered differences in brain areas in binarized shortECwere larger than
binarized longFCD in both groups. The intra-group FCD diffences did not depend on the
selection of different thresholds used. Patients with aldwl dependence were associated
with the longFCD de cit in the cerebellum posterior lobe, ad shortFCD de cit in the
ventral system of the visual pathway and increased shortFCID the left precentral gyrus,
right salience network and right cingulate gyrus. A ROC cuevdemonstrated that these
speci ¢ brain areas alone discriminated between the two graps with a high degree
of sensitivity and speci city. In the alcohol dependence grup, the cerebellum posterior
lobe, visual association cortex and the salience network dplayed signi cant correlations
with demographic characteristics.

Conclusions: The shortFCD analysis was more sensitive than the longFCD alysis in
nding differences in the brain areas. The ventral visual gaway-cerebellar circuit de cit
appeared to be altered in patients with alcohol dependence.
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INTRODUCTION areas with FCD di erences and behavioral characteristice. W
also utilized the receiver operating characteristic (ROCyeuo

Alcohol dependence is the widest substance addiction wodelwi investigate whether the brain areas with FCD di erences Hee t

with high morbidity or mortality. Alcohol dependence is a apility to distinguish between patients with alcohol depemcke

chronic relapsing disorder, characterized by morbid aldohoand the status-matched healthy subjects.

consumption. Alcohol consumption creates a perception of

relief from the negative emotions, but extravagant alcohol

consumption may bring numerous adverse health consequencé‘!"o\-rER|A|—S AND METHODS

such as cancer, liver cirrhosis and vehicle accidentd{owever, Subjects

:ct tmayda!sE thei;eﬁy Increase and/or reinforce the likelitias A total of 24 male patients with alcohol dependence (age, 47.83
uture drinking behavior g). 6.93 years; education, 9.673.09; mean standard deviation)

The pernicious e ects of aI.COhOI depepdenge on th.e bra"}md 24 male healthy subjects (age, 47.63.99 years; education,
and behavior are well-recognized. Neuroimaging studle\ss;eha8 33 3.21 years) participated in the study

described diverse pernicious e ects from alcohol dependence, Patients with alcohol dependence met the diagnostic criteria

including the neurochemical changes and regional funalon as de ned by the Diagnostic and Statistical Manual of Mental

activity in the brain §). Resting-state functional MRI (rs- Disorders, version 4 (DSM-1V). All recruited volunteers ntieé

fMRI) can be used to visualize the brain activities aSSOCiatef%llowing inclusion criteria as in previous studie§)((1) rst-
with oxygenation and blood ow changes, without the need of

to radioactive t hich is widel d feci time visitors, and previously had never taken any benzodiazepi
€Xposure fo radioactive tracers, which IS wi elyuse_ QFCEIN 1 chlormethiazole medications treatment before; (2) wiih
of speci c regional brain alterations that can't be identil dy

o S any history of other substance dependence or abuse (such as
traditional MRI gxaml_natmn €. The advancgs of rfMRI.ma_y ma{rihuanayand tobacco addiction) pas de ned by DSM-I(V' 3
_help us to non-mv_aswely explore the funct!o_nal organiaat without any history of sleep disorders and major psychiatric
n the_ human brain, thus better char_acter|_2|_ng the _Ch?ngeaisorders; (4) right-handedness; (5) without any familgtbry
of regional neuronal spontaneous brain activity and intiins

connectivity patterns. to better understand the underlviraural of alcohol dependence. Additional exclusion criteria were as
yp ’ yney follows: (1) a history of head injury with loss of conscious)es

baT:ISr(])ft?enuriopsyrci:riilattrilvcitdlso:dgirs. have revealed abnorm ) the presence of any past or current neurological disease;
unctional -connectivity studies have reveaied abno ) presence of hepatitis C, hypertension and type 2 diabetes

connectivity patterns in individuals with alcohol dependenc that required medical intervention: (4) aged above 60 yeads

©, 6.)' Se_ed-basgd func_tional connectiv_ity analysis re ects thSeIow 19 years; (5) the presence of any contraindications to
relationships of time series between a given seed point arda an . MRI: and (6) any foreign implants, pathological brain MRI

otlher brain areasy 7).; hpwevgr., itis based ormiori hypothesis ndings, and inborn or other acquired diseases. The life dnigt
with the need of eprion de r!mon for the regions of !ntergst. of psychiatric disorders, daily alcohol consumption, seyerit
F_un(_:tlor_1al connect|V|_ty density (FCD) can be u_sed to idgyrthe of alcohol dependence questionnaire (SADQ), mean years of
distribution of the brain network hubs and unbiasedly sea@h ;.\ ih4 and alcohol use disorders identi cation test (AUDIT

ﬁbnotririn aI.|t|e38W|t_ik_1i|1n tir:u(e:v[\)/hole gra:;, y(;/ltZ(?u;[ thehneted qcﬁraoirzl CDwere recorded by an experienced psychiatrist who worked for
ypothesis {, §). The can be divided Ino short-range more than 10 years. The study was approved by the Medical

(shortFCD) and long-range FCD (longFCD) on the basis of theI'?esearch Ethical Committee, in accordance with the Dectarati

neighboring relat|onsh|p§ betweef‘ brain \_/oxé]}s( . . of Helsinki. Written informed consent was obtained from all
Alcohol dependence is associated with changes in regiong lunteers

brain activity in several areas, which makes its neurolgicial v
mechanism more complex. Although recent evidence of
structural and functional MRI experiments have increased - ]
tremendously, identifying several brain regions that areTABLEl | Characteristics of alcohol dependent and healthy subjects
relevant to alcoholismi1(0, 11), the neurobiological mechanism Alcohol Healthy tvalue  p-value
underlying alcohol dependence remains largely unknown. The dependent subjects

shortFCD and longFCD analysis can reveal extra information
which cannot be provided by the seed-based functionePEMOGRAPHICS

connectivity analysis and FCD, and have been widely applied in Mean age, years  47.83  6.93 4767 699 0083 0934
several disease$Z-16). In the current study, we hypothesized Education, years  9.67 3.09 833 321 1466 0149
that alcohol dependence is associated with distinct convigct — Years of drink, 27.46  10.89 N/A N/A N/A

patterns re ected by di erent shortFCD and longFCD changesY®®'s

depending on the neighborhood strategy. To test the hyposhesiSAPQ score 2021 7.09 NIA NIA N/A
we utilized the potential biological indicators of shortFGRd ~ AUP'T score 24.08 569 263 097 182 <0001
longFCD to characterize the intrinsic functional connedy  Daly alcohol 23715 11539 NIA NIA NIA

changes in 24 patients with alcohol dependence relative gggnsumption, ml

24 statl_Js—matched healthy SUb]_eCtS' _NeXt' we used P_esirsqﬂlta are mean standard deviation values. SADQ, Severity of alcohol dependence
correlation to evaluate the r9|at|0n3h|p5 between thosenbraquestionnaire; AUDIT, Alcohol use disorders identi cation test; N/A, Notgplicable.
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MRI Parameters uid signal. Next, the functional images were entered int@hrly

We performed the MRI scan on a 3.0-Tesla MR scannedetrended and temporal bandpass lter (0.01-0.1 Hz).
(Siemens). First, 176 high-resolution anatomical image3» ]

T1-weighted in an sagittal orientation (repetition timetextime ~ Calculation of Long FCD and Shortfcd

(TR/TE) D 1,950/2.3 ms, gap/thickneBs0/1 mm, eld of view  Calculation Maps

(FOV) D 244 252mm, acquisition matribD 248 256, ip  The local and global FCD maps for each individual were
angleD 9 ) were collected. Next, we collected 240 functionatalculated in a gray matter (GM) mask. The number of functiona
images (TR/TED 3,000/25 ms, gap/thickneBs0.5/5.0mm, ip  connections of a given voxel was considered as a degree oga nod

angleD 90, acquisition matrixD 32 32, FOVD 210 in a binary graph. First, we de ned the functional connedijvi

210 mm) covering the whole brain. between a given voxel with each of the other voxels in the a/hol
brain with a correlation threshold af > 0.25 (L7). Second, the

Data Analysis binarized longFCD and shortFCD were de ned based on the

First, we deleted the rst 10 time points of the functional iges neighborhood strategy. We de ned the voxels with a coriiefat
because of the possible instability of the initial MRI signakhreshold ofr > 0.25 inside their neighborhood (radius sphere
and inadaptation to the scanning environment. The remaining 6 mm) as shortFCD, and de ned the voxels with a correlation
data were conducted as standard for form transformationthreshold ofr > 0.25 outside their neighborhood (radius sphere
The data preprocessing of the remaining data were done 6 mm) as longFCD. Next, the shortFCD and longFCD maps
with the following steps, including the slice timing, headof each subject were divided by the mean value so as to convert
motion correction and spatial normalization to the Montreal to Z scores to improve the normality. Finally, the shortFCQdan
Neurological Institute (MNI) space. The data of volunteerthwi longFCD maps underwent spatial smoothing with a Gaussian
> 1.5 mm maximum translation or/ang 1.5 degree of rotation kernel of 6 6 6 mm?® full-width at half-maximum. The

in any directions were dislodged. After which, the remagin detailed procedure of the shortFCD and longFCD is given in a
images were resampled at a resolution of 3 3 mm?3during  previous study).

the step of spatial normalization. Linear regression was agjpdi In this study, we repeated the network analysis using
remove the e ects of spurious covariates, including the Bri24 a range of correlation r thresholds, to determine whether
head motion parameters, white matter signal and cerebro$pindetween-group di erences were substantially a ected by the

Alcohol dependent Healthy subjects

G

L A

LongFCD

ShortFCD

-36.06 33.26 -49.77 425

FIGURE 1 | One samplet-test differences of alcohol dependent and healthy subjestin binarized FCD maps. The statistical threshold was set &DR corrected voxel
threshold of p < 0.001. Binarized longFCD(A,B) and shortFCD differences(C,D) in brain areas of patients with alcohol dependence and hediy subjects. FCD,
Functional connectivity density; FDR, False discovery @tR, right; L, left.
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FIGURE 2 | Binarized longFCD maps with several thresholds between abtol dependent and healthy subjects. We analyzed binarizeldngFCD differences between
alcohol dependent and healthy controls across seven diffent r-value thresholds @A, r D 0.30; B, 0.35; C, 0.40; D, 0.45; E, 0.50; F, 0.6; G, 0.75). Red color,
increased binarized longFCD areas; Blue color, decreasedibarized longFCD areas. R, right; L, left; longFCD, Long-nge FCD.
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FIGURE 3 | Binarized shortFCD maps with several thresholds between @hol dependent and healthy subjects. We analyzed binarizkshortFCD differences
between alcohol dependent and healthy controls across seve differentr-value thresholds A, r D 0.30; B, 0.35; C, 0.40; D, 0.45; E, 0.50; F, 0.6; G, 0.75). Red color,
increased binarized longFCD areas; Blue color, decreasedimarized longFCD areas. R, right; L, left; shortFCD, Shorange FCD.

selection of dierentr-value thresholds or nodes, used toeducation) were analyzed with independent sample unpair
construct brain networks 7). We used seven r thresholds t-tests. The statistical threshold was sgt &t 0.05.
(r D 0.30, 0.35, 0.40, 0.45, 0.50, 0.6, and 0.75). Here, weBefore comparing the between-group di erences in the FCD
adopted the threshold of D 0.45 to calculate the binarized maps, we rst used sampletests to construct within-group
FCD maps. statistical maps of shortFCD and longFCD for patients with
alcohol dependence and healthy subjects to identify the ordtw
distributions of each groupp( < 0.001, false discovery rate
Statistical Analysis (FDR) corrected). Then, independent sample unpgiests
Data are presented as mean standard deviation. The were utilized to evaluate the voxel-wise dierences between
demographic characteristics (age, AUDIT score and years ¢fatients with alcohol dependence and healthy subjects with
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TABLE 2 | Binarized FCD differences between alcohol dependent and fadthy subjects.

Condition Brain regions of peak coordinates R/L BA Voxel vol ume (mm 3) t-score of peak voxel MNI coordinates
X, Y, Z
longFCD Cerebellum posterior lobe R N/A 40 3.6616 30, 75, 36
shortFCD Superior temporal gyrus L 38 83 4.8138 39,21, 33
shortFCD Fusiform gyrus, Parahippocampal gyrus R 20, 30, 37 43 3.4763 36, 33, 24
shortFCD Lentiform nucleus L N/A 43 3.6663 15,12, 6
shortFCD Lingual gyrus L 18 41 4.0418 12, 48, 3
shortFCD Middle occipital gyrus R 19, 37 86 4.0348 54, 69,6
shortFCD Medial frontal gyrus R 46 51 4.3969 18, 48,9
shortFCD Precentral gyrus L 6 74 4.7508 45, 9,45
shortFCD Cingulate gyrus R 31 40 3.6171 9, 30, 39

The statistical threshold was set at a corrected signi cance levedf an individual two-tailed voxel-wise p< 0.01 using an AlphaSim corrected threshold of cluster p< 0.05. Positive
values of t-score indicate the increased longFCD or shortFCD in biraareas, and negative values of t-score indicate the decreased longFCD shortFCD in brain areas. FCD, Functional
connectivity density; shortFCD, Short-range FCD; longFCD, Long-raje FCD; R, right; L, left; BA, Brodmann's area; MNI, Montréal neurologicaistitute; N/A, Not applicable.

b d 6 |
"

81 475

FIGURE 4 | Binarized FCD differences between alcohol dependent and fedthy subjects. Between-group differences in binarized legFCD (A) and shortFCD(B). The
statistical threshold was set at a corrected signi cance leel of individual two-tailed voxel-wisgp < 0.01 using an AlphaSim corrected threshold of clustep < 0.05.
FCD, Functional connectivity density; R, right; L, left; lgFCD, Long-range FCD; shortFCD, Short-range FCD.

nuisance covariates (age and years of education) of noesiter subjects { D 18.2,p < 0.001). In the alcohol dependence
The AlphaSim correction (threshold of individual voxel of group, the mean duration of drinking history was (meanstd,
p < 0.01, cluster level op < 0.05 with contiguous voxel 27.46 10.89 years, 7 45 years), the mean SADQ score was
volume 1,080 mmi) was used to determine the statistical (20.21  7.09), and the mean daily alcohol consumption was
di erences. (237.5 115.39) ml.

Pearson's correlation was used to evaluate the relatipashi
between those binarized FCD dierences in brain areas an

demographic characteristics. The statistical threshold wet %lnarlzed FCD Differences
atp< 0.05. One Sample t-Tests

Before comparing the binarized FCD di erences between the
alcohol dependent and healthy subjects, one samfdsts were

RESULTS used to construct within-group statistical maps for the alobh
o dependence group and the healthy subjects, separapety (
Sample Characteristics 0.001, FDR correctedFigure 1 shows the binarized longFCD

The behavioral characteristics of the alcohol dependent anand shortFCD maps in the alcohol dependence group and the
the healthy subjects are presented in fable 1 Patients with healthy subject groupHigures 1A-D), respectively. We found
alcohol dependence did not signi cantly di er from the heajth that the two groups exhibited signi cantly similar di erenséen
subjects in mean agé D 0.083p D 0.934) and mean education brain areas both in binarized longFCD and shortFCD maps. The
(t D 1.466,p D 0.149). The mean AUDIT score was highercovered di erences of the brain areas in the binarized shoBF

in patients with alcohol dependence than that of the healthyvere larger than the binarized longFCD for both groups. The
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(Figures 6A—Q. The area under the curve (AUC) value, of the
1.59 Ml Alcohol-dependent binarized longFCD di erence in the right cerebellum posterior
I Healihy subjects lobe was 0.806. Furthermore, the ROC curve demonstrated that
§ 1.0 this area alone discriminated the alcohol dependent groomfr
8= the healthy subjects, with a sensitivity of 70.8% and a spiéci ¢
% § 0.5 of 79.2% Table 3 Figure 6A). The AUC values, of the binarized
e '; shortFCD dierences in brain areas were (0.838 0.021;
S o0l 0.806 0.878). Furthermore, the ROC curve demonstrated that
s2 the binarized shortFCD di erences in those regional braieas
@ $ alone discriminated between the two groups with a high degree
E 0.5 of sensitivity (81.26 9.19%; 66.791.7%) and speci city (78.64
10.31%; 62.595.8%) Table 3 Figures 6B,3. The AUC value,
1.4 of the combined areas of visual pathway that discriminated
o @ arC W \,)«13500@31\?0 3% o the alcohol dependent group from the healthy subjects, was
up to 0.943, accordingly, the sensitivity and speci city were
FIGURE 5 | Mean beta value of FCD differences in regional brain areasCB, up to 91.7 and 91.7% with a cut-o point of 0.462%aple 3
Functional connectivity density; R, right; L, left; CPL, Gebellum posterior Figure 6D).
lobe; STG, Superior temporal gyrus; FG, Fusiform gyrus; LNLentiform
nucleus; LG, Lingual gyrus; MOG, Middle occipital gyrus; ME, Medial frontal Pearson's Correlation Analysis
gyrus; PG, Precentral gyrus; CG, Cingulate gyrus. In the alcohol dependent group, the mean years of drinking

displayed a negative correlation with the beta value of the
decreased binarized longFCD in the right cerebellum posterio
covered di erences of the brain areas in the binarized shomF lobe ¢ D 0.513p D 0.01;Figure 7A). SADQ showed positive
in the a|C0h0| dependent group were |arger than that Of thé)Ol’l'e|atIOI‘lS W|th the beta Value Of the b|nar|zed ShOftF(ﬁme

healthy subject group. left visual association cortex D 0.412,p D 0.045;Figure 7B)
and AUDIT score ( D 0.63,p D 0.001;Figure 70, and an
Two Sample T-tests approximate positive correlation with the beta value of the

We further analyzed the binarized longFCD and shortFcDincreased binarized shortFCD area in the right medial fednt

di erences between the alcohol dependent group and th&yrus ¢ D 0.367,p D 0.077;Figure 7D). Other signi cant

healthy controls, using several di eremtvalue thresholdsr( correlations between the beta value of brain areas with FCD

D 0.30, 0.35, 0.40, 0.45, 0.50, 0.6, and 0.75). We obseng@rences and clinical features were not fourgiX 0.05).

highly similar intra-group di erences in the binarized loRg¢D

and shortFCD maps when using these dierent thresholdD|SCUSSION

(Figures 2 3), indicating that the intra-group dierences did

not depend on the threshold used; therefore, we only reportedhe current study is the rst to utilize the shortFCD and

the results of the binary network analysis using a threstafld longFCD analysis to identify alcohol-related intrinsic tiional

r D 0.45 in which the covered di erences in the brain areagonnectivity patterns in 24 patients with an alcohol dependenc

were larger. relative to 24 status-matched healthy subjects, and their
Compared with the healthy subjects, the alcohol dependertorrelations with demographic characteristics. Femalgesid

group showed a signi cant decreased binarized longFCD aresere excluded to remove the in uence of a gender fact@y (9).

in the right cerebellum posterior lobeTéble 2 Figure 4A). A ROC curve was applied to identify the ability of those FCD

Compared with the healthy subjects, the alcohol dependertti erences in distinguishing between the two groups. Three

group showed signi cantly increased binarized shortFCeaamr results were revealed: (1) the covered di erences in thenbrai

in the left precentral gyrus (BA 6), right medial frontal ggru areas in the binarized shortFCD were larger than the birgatiz

(BA 10, 46) in the salience network and the right cingulataugy 1ongFCD for both groups. (2) the intra-group FCD di erences

(BA 31), and decreased binarized shortFCD areas in the lefiid not depend on the selection of di erentvalue thresholds

temporal pole (BA 38), bilateral visual association corteX1® used. Alcohol dependence in patients was associated with

19), left striatum cortex (lentiform nucleus) and the righferior  the right cerebellum posterior lobe with signi cant decreds

temporal lobe (fusiform gyrus extending to parahippocampabinarized longFCD, as well as the left precentral gyrus, right

gyrus) (BA 20, 30, 37)able 2 Figure 4B). salience network and right cingulate gyrus with increased
binarized shortFCD, and the left temporal pole, right inferio
ROC Curve temporal lobe (BA 20, 37), bilateral visual association ecort

The mean beta value of the binarized shortFCD and longFCnd left striatum cortex with decreased binarized short-C3)

di erences in those altered brain areas were extrackégiufe 5.  Recently, the ROC curve was widely applied in the exploration
These binarized FCD di erences in the brain areas were furtheof the reliability of one neuroimaging approach, as a potential

used in a ROC curve, to evaluate the ability in distinguishingndicator in distinguishing one group from the other groug,(

the alcohol dependent group from the healthy subjectd9 20). In general, an AUC value between 0.9 and 1 is considered
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FIGURE 6 | ROC curve analysis of FCD differences in regional brain ai®gA) Binarized longFCD difference in the right cerebellum postier. (B) Decreased binarized
shortFCD differences.(C) Increased binarized shortFCD differencegD) Combined areas of visual pathway (right fusiform gyrus, lgingual gyrus, right middle
occipital gyrus). ROC, Receiver operating characteristi¢=CD, Functional connectivity density; R, right; L, left.

excellent, and a value between 0.8 and 0.9 is considered gobdbs in facilitating network communications. In alcoholicke

In the present study, the ROC curve revealed good AUC valueoncept of ine ciency includes di culties in isolating irréevant

for those specic brain areas, and further diagnostic analysiinformation (24), which is necessary for discriminating the

demonstrated that those speci c brain areas alone discratgd  targets from the distractorss). In the present study we found

between patients with alcohol dependence and healthy sgbhjecthat alcohol dependence was associated with decrease&6Mibrt

with a high degree of sensitivity and speci city; (4) In the areas in the ventral system, which showed a positive coroelati

alcohol dependent group, the cerebellum posterior lobe, Visuavith the SADQ score. Furthermore, the combined areas ofatisu

association cortex and salience network displayed signt carpathway alone discriminated the alcohol dependent group from

correlations with demographic characteristics. the healthy subjects, with a sensitivity of 91.7% and a spiégi ¢
The visual pathway is divided into an object and spatiabf91.7%. These ndings may re ect disorganization of the gisu

properties processing pathwag1(23). The object properties pathway caused by extravagant alcohol consumption, leading

processing pathway runs from the striatum cortex down toto ine ciency in information transmission from one place to

the occipital lobe and inferior temporal lobe (BA 20, 37),another inthe ventral system.

and has been called the ventral system; this system processedMorphology-anatomical studies have found decreased gray

properties of objects, such as shape, face, color and sizeatter volumes in the cerebellum2% 26) in patients with

A decreased FCD value in the functional hubs may re ecan alcohol dependence. These changes have shown to be

less correlated activity and impairment of these functionapredictive of the relapse risk, suggesting a signi cant role o
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decreased gray matter volumes in the cerebellum in clinicalhe cerebellum posterior lobe is associated with the reguiat

outcomes in alcohol dependenc&7). Similarly, resting-state
functional connectivity studies also showed consisterdings
of decreased functional connectivity in the cerebelllitf-30).

TABLE 3 | ROC curve for FCD differences in brain areas between alcohol
dependent and healthy subjects.

Brain area AUC Sensitivity, Specicity,  Cut off

% % Point*
R_Cerebellum Posterior 0.806 70.8 79.2 0.353
Lobe
L_Superior Temporal Gyrus 0.83 87.5 70.8 0.798
R_Fusiform Gyrus 0.833 79.2 75 0.6405
L_ Lentiform Nucleus 0.844 83.3 75 0.0515
L_Lingual Gyrus 0.832 91.7 62.5 0.2195
R_Middle Occipital Gyrus 0.826 70.8 87.5 0.84
R_Medial Frontal Gyrus 0.878 66.7 95.8 0.277
L_Precentral Gyrus 0.851 91.7 83.3 0.173
R_Cingulate Gyrus 0.806 79.2 79.2 0.5365
R_Fusiform GyrusC 0.943 91.7 91.7 0.4629

L_Lingual Gyrus+R_Middle
Occipital Gyrus

*Cut-off point of mean FCD signal value. ROC, Receiver operating ahacteristic; FCD,
Functional connectivity density; AUC, Area under the curve; R, RigHt; Left.

of coordinating movement, and was particularly vulnerable to
alcoholism-related damagéd 19, 31). The cerebellar circuit has
been associated with motor control function and motor bebav
which are disrupted by alcohol intoxication6,( 32). Poor
regulation of coordinating movement, balance and emotlona
changes are core characteristics of alcohol depende&xicésd).

Our results revealed that alcohol dependence was associated
with a decreased longFCD in the cerebellum posterior lobe,
which has shown altered functional connectivity in several
studies in patients with alcohol dependenc& 82-35), and
may therefore support our results. Furthermore, the cerebellu
posterior lobe was signi cantly correlated with the number o
years of alcohol consumption. Therefore, we speculated Heat t
decreased functional connectivity in the cerebellum posteri
lobe may be interpreted as a functional impairment caused by
long-term alcoholism, which may be one of the main reasons for
impaired driving behavior in alcoholics.

In the present study we found signicantly increased
shortFCD in several brain areas. There are two prevalent
speculations ). One explanation of this nding could be
interpreted as brain compensation, in which the alcoholicifbra
utilizes additional resources to help achieve the samd leve
performance as before. Long-term noxious e ects of alcohol
consumption on the human brain structure, both in gray
and white matter, have widely been studi€th,(37). Another
explanation of this nding could be interpreted as an enhanced

frontal gyrus (D). FCD, Functional connectivity density.

FIGURE 7 | Pearson's correlation among characteristics of alcohol deendent and beta value of FCD differences in brain areas. Iné¢talcohol dependent group,
mean years of drinking negatively correlated with right cebellum posterior lobe(A). SADQ correlated with left lingual gyrugB), AUDIT score(C), and right medial
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neural e ort to o set the noxious e ects of alcohol consumption may help clinicians develop targeted intervention and preios
on the human brain structure. strategies. However, the relatively small sample sizedihrtite
signi cance. Future studies with a larger sample size aressary
to corroborate our ndings.

CONCLUSIONS
In summary, the longFCD and shortFCD analysis mightAUTHOR CONTRIBUTIONS

serve as a biological indicator to observe the underlying

intrinsic functional connectome changes in patients witbatdol ~ LC and B-XL wrote the main manuscript text. LC, JZ, and X-JD
dependence, with a high degree of discriminating abilityconceived and designed the whole experiment. B-XL, RL, and
Speci cally, the shortFCD analysis is more sensitive tham thX-JD collected the data. JZ and X-JD analyzed the data. X-JD
longFCD analysis in nding the di erences in brain areas. et~ revised the manuscript.

present study, we found that the ventral visual pathway-catab

circuit de cit appears to be altered in patients with alcoholFUNDING

dependence, showing that alcohol dependence was associated

with the longFCD de cit in the cerebellum posterior lobe, and This work was supported by National Natural Science
the shortFCD de cit in the ventral system of the visual patlywa Foundation of China (grant No 81701678), Health commission
Our data highlights the role of functional connectivity and of Jiangxi province (grant No 20191098) and General Project of
provides a new insight to better understand the neurobiategi Scienti c and technological Development of Nanjing Medical

mechanisms that underlie alcohol dependence. These ndindgdniversity (NMUB2018145).

REFERENCES 14. Zhang Y, Xie B, Chen H, Li M, Liu F, Chen H. Abnormal functional
connectivity density in post-traumatic stress disordBrain Topogr(2016)
1. Wise RA. Brain reward circuitry: insights from incensed inoezg.Neuron 29:405-11. doi: 10.1007/s10548-016-0472-8

10.

11.

12.

13.

(2002) 36:229-40. doi: 10.1016/S0896-6273(02)00965-0

. Baker TB, Piper ME, McCarthy DE, Majeskie MR, Fiore MC. Addlict

motivation reformulated: an aective processing model of negative
reinforcement. Psychol Rev (2004) 111:33-51. doi:
295X.111.1.33

. Volkow ND, Fowler JS, Wang GJ. The addicted human brain: itsifgom

imaging studies] Clin Invest(2003) 111:1444-51. doi: 10.1172/JC118533

. Dai XJ, Liu CL, Zhou RL, Gong HH, Wu B, Gao L, et al. Long-term total17.

sleep deprivation decreases the default spontaneous activityamectivity
pattern in healthy male subjects: a resting-state fMRI stddBuropsychiatr
Dis Treat (2015) 11:761-72. doi: 10.2147/NDT.S78335

. Lee S, Lee E, Ku J, Yoon KJ, Namkoong K, Jung YC. Disruption df8.

orbitofronto-striatal functional connectivity underlies malaptive persistent
behaviors in alcohol-dependent patien®sychiatry Inves{2013) 10:266-72.
doi: 10.4306/pi.2013.10.3.266

. Luo X, Guo L, Dai XJ, Wang Q, Zhu W, Miao X, et al. Abnormal 19.

intrinsic functional hubs in alcohol dependence: evidence frwoxelwise
degree centrality analysidNeuropsychiatr Dis Treat(2017) 13:2011-20.
doi: 10.2147/NDT.S142742

. Liu X, Zheng J, Liu BX, Dai XJ. Altered connection properties of impdrtan 20.

network hubs may be neural risk factors for individuals with primary
insomnia.Sci Rep(2018) 8:5891. doi: 10.1038/s41598-018-23699-3

. Tomasi D, Volkow ND. Functional connectivity density mappifgoc Natl

Acad Sci USA2010) 107:9885-90. doi: 10.1073/pnas.1001414107

. Tomasi D, Volkow ND. Aging and functional brain networkgol Psychiatry

(2012) 17:471:549-58. doi: 10.1038/mp.2011.81
Everitt BJ, Belin D, Economidou D, Pelloux Y, Dalley JW, Robbins
TW. Review. Neural mechanisms underlying the vulnerability to dgvelo

compulsive drug-seeking habits and addictiéthilos Trans R Soc Lond Series23.

B Biol Sci(2008) 363:3125-35. doi: 10.1098/rstb.2008.0089

Koob GF, Volkow ND. Neurocircuitry of addiction.
Neuropsychopharmacold@p10) 35:217-38. doi: 10.1038/npp.2009.110
Tomasi D, Volkow ND. Gender di erences in brain functionahncectivity
density. Hum Brain Mapp (2012) 33:849-60. doi: 10.1002/hbm.
21252

Tomasi D, Volkow ND. Resting functional connectivity ofdaage networks:
characterization and reproducibilityMol Psychiatry (2012) 17:841-54.
doi: 10.1038/mp.2011.177

15.

10.1037/0033- 16.

21.

22.

24.

25.

Kong D, Liu R, Song L, Zheng J, Zhang J, Chen W. Altered lond- an
short-range functional connectivity density in healthy sutgeafter sleep
deprivations Front Neurol (2018) 9:546. doi: 10.3389/fneur.2018.00546
Wang J, Wei Q, Yuan X, Jiang X, Xu J, Zhou X, et al. Local
functional connectivity density is closely associated whik tesponse of
electroconvulsive therapy in major depressive disordiérect Disord (2018)
225:658-64. doi: 10.1016/j.jad.2017.09.001

Buckner RL, Sepulcre J, Talukdar T, Krienen FM, Liu H, Hedden T,
et al. Cortical hubs revealed by intrinsic functional connetyivimapping,
assessment of stability, and relation to Alzheimer's disgaldeurosci2009)
29:1860-73. doi: 10.1523/JNEUROSCI.5062-08.2009

Dai XJ, Gong HH, Wang YX, Zhou FQ, Min YJ, Zhao F, et al. Gender
di erences in brain regional homogeneity of healthy subjectgraftormal
sleep and after sleep deprivation: a resting-state fMRI stBldyep Med2012)
13:720-7. doi: 10.1016/j.sleep.2011.09.019

Dai XJ, Nie X, Liu X, Pei L, Jiang J, Peng DC, et al. Gender diceseim
regional brain activity in patients with chronic primary insomnia:igence
from a resting-state fMRI studyJ Clin Sleep Med(2016) 12:363-74.
doi: 10.5664/jcsm.5586

Li HJ, Dai XJ, Gong HH, Nie X, Zhang W, Peng DC. Aberrant spontaneous
low-frequency brain activity in male patients with severe obstugcsleep
apnea revealed by resting-state functional MRéuropsychiatr Dis Treat
(2015) 11:207-14. doi: 10.2147/NDT.S73730

Kosslyn SM, Ganis G, Thompson WL. Neural foundations of imad&tyRev
Neurosci(2001) 2:635-42. doi: 10.1038/35090055

Kozhevnikov M, Kosslyn S, Shephard J. Spatial versus oisjeglizers: a new
characterization of visual cognitive styldemory Cogn(2005) 33:710-26.
doi: 10.3758/BF03195337

Blazhenkova O, Kozhevnikov M. The new object-spatialalecognitive
style model: theory and measuremeAppl Cogn PsychqR008) 23:638-63.
doi: 10.1002/acp.1473

Nixon SJ, Tivis R, Ceballos N, Varner JL, Rohrbaugh J. Neusapbgical

e ciency in male and female alcoholic®rog Neuropsychopharmacol Biol
Psychiatry2002) 26:919-27. doi: 10.1016/S0278-5846(02)00206-3

Fein G, Di Sclafani V, Cardenas VA, Goldmann H, Tolou-Shams M,
Meyerho DJ. Cortical gray matter loss in treatment-naive alcohol
dependent individuals. Alcohol Clin Exp Res (2002) 26:558-64.
doi: 10.1111/j.1530-0277.2002.tb02574.x

Frontiers in Neurology | www.frontiersin.org 9

February 2019 | Volume 10 | Article 98



Chen et al.

Alcohol Disturbed Visual-Cerebellar Circuit

26.

Makris N, Oscar-Berman M, Jan SK, Hodge SM, Kennedy DN, Casm

VS, et al. Decreased volume of the brain reward system in alcohdiish.

Psychiatry2008) 64:192—-202. doi: 10.1016/j.biopsych.2008.01.018
Rando K, Hong KI, Bhagwagar Z, Li CS, Bergquist K, GuaraakLoet al
Association of frontal and posterior cortical gray matter volumehwtime

27.

to alcohol relapse: a prospective studyn J Psychiatry2011) 168:183-92.

doi: 10.1176/appi.ajp.2010.10020233
28.
et al. Distinct cerebellar contributions to intrinsic connectjvnetworks.J
Neurosci(2009) 29:8586—94. doi: 10.1523/JNEUROSCI.1868-09.2009
29.

Habas C, Kamdar N, Nguyen D, Prater K, Beckmann CF, Menon V36.

O'Reilly JX, Beckmann CF, Tomassini V, Ramnani N, Johansen-Ber
H. Distinct and overlapping functional zones in the cerebellum delne 37.

by resting state functional connectivitfCereb Cortex2010) 20:953-65.

doi: 10.1093/cercor/bhp157

Herting MM, Fair D, Nagel BJ. Altered fronto-cerebellar conngistiin
alcohol-naive youth with a family history of alcoholisieuroimagg2011)
54:2582-9. doi: 10.1016/j.neuroimage.2010.10.030

Sullivan EV, Rosenbloom MJ, Pfe erbaum A. Pattern of motor eoghitive

30.

31.

de cits in detoxi ed alcoholic menAlcohol Clin Exp Re§2000) 24:611-21.

doi: 10.1111/j.1530-0277.2000.tb02032.x
32.
Astur RS, et al. Disruptions in functional network connectivityring

alcohol intoxicated driving.Alcohol Clin Exp Res(2010) 34:479-87.

doi: 10.1111/1.1530-0277.2009.01112.x

33. Tu X, Wang J, Liu X, Zheng J. Aberrant regional brain activitieal¢ohol

dependence: a functional magnetic resonance imaging sielyropsychiatr

Dis Treat (2018) 14:847-53. doi: 10.2147/NDT.S158221

34. ZhengH, Kong L, Chen L, Zhang H, Zheng W. Acute e ects of abtoh the
human brain: a resting-state FMRI studiomed Res In{2015) 2015:947529
doi: 10.1155/2015/947529

Wang L, Chen Y, Yao Y, Pan Y, Sun Y. Sleep deprivation disturbe
regional brain activity in healthy subjects: evidence from acfiomal
magnetic resonance-imaging studyeuropsychiatr Dis Treaf2016) 12:801—
7.doi: 10.2147/NDT.S99644

Durkee CA, Sarlls JE, Hommer DW, Momenan R. White matter
microstructure alterations: a study of alcoholics with and without
post-traumatic ~ stress  disorder. PLoS ~ONE (2013) 8:e80952.
doi: 10.1371/journal.pone.0080952

Grodin EN, Lin H, Durkee CA, Hommer DW, Momenan R. De cits in

35.

cortical, diencephalic and midbrain gray matter in alcoholism measured

by VBM: e ects of co-morbid substance abus¢euroimage Clin(2013)
2:469-76. doi: 10.1016/j.nicl.2013.03.013

Coniict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or nancial relatigps that could
be construed as a potential con ict of interest.

Rzepecki-Smith  Cl, Meda SA, Calhoun VD, Stevens MC, Jafri M&Zopyright © 2019 Chen, Liu, Liu, Zheng and Dai. This is an operssecticle

distributed under the terms of the Creative Commons AttohiLicense (CC BY).
The use, distribution or reproduction in other forums is jtgedh provided the
original author(s) and the copyright owner(s) are creditedl that the original
publication in this journal is cited, in accordance witheted academic practice.
No use, distribution or reproduction is permitted whichsdua comply with these
terms.

Frontiers in Neurology | www.frontiersin.org

10

February 2019 | Volume 10 | Article 98



