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ABSTRACT 28 

Background: Brain activity is reported to be associated with individual pain susceptibility and 29 

inflammatory status, possibly contributing to disease activity assessment in inflammatory 30 

arthritis (IA) including rheumatoid arthritis (RA) and spondyloarthritis (SpA). However, what 31 

alteration of brain function associated with disease activity and therapeutic effectiveness in IA 32 

remains unclear. We aimed to identify the alterations of brain functional connectivity (FC) 33 

shared in both RA and SpA, and evaluate its relationship to anti-rheumatic treatment response 34 

using functional magnetic resonance imaging (MRI). 35 

Patients and methods: Structural and resting-state functional MRI data were acquired from 36 

patients with IA, patients with osteoarthritis (OA) and heathy controls (HCs). Two datasets were 37 

adopted to derive (51 IA, 56 OA, and 17 HCs) and validate (31 IA) the observations. Thirty-38 

three IA patients in the derivation dataset and all the patients in validation dataset required 39 

biological treatment and were clinically evaluated before and after therapy. Via whole-brain pair-40 

wise FC analyses, we analyzed IA-specific FC measures relevant to therapeutic response to 41 

biologics. 42 

Results: The value of FC between left insular cortex (IC) and anterior cingulate cortex (ACC) 43 

was significantly low in IA patients compared with OA patients and HCs. We demonstrated that 44 

the FC between left anterior long insular gyrus as a subdivision of IC and ACC was significantly 45 

associated with therapeutic response to biologics regarding the improvement of patients’ global 46 

assessment (PGA) in both derivation and validation datasets. 47 

Conclusion: Disease-specific resting-state FC provides a means to assess the therapeutic 48 

improvement of PGA and would be a clinical decision-making tool with predictability for 49 

treatment response in both RA and SpA. 50 

Keywords: resting-state functional magnetic resonance imaging; neuroimaging; rheumatoid 51 

arthritis; spondyloarthritis; functional connectivity; patient reported outcome 52 
  53 
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INTRODUCTION 54 

The brain is a central organ controlling neurotransmission, and also plays an essential role in 55 

vital actions as perception, motor coordination, cognition, emotion, and reasoning [1-4]. 56 

Furthermore, it interacts with autonomic activity to maintain homeostasis via the neuroendocrine 57 

system, covering immune control [5, 6]. Although many researches demonstrate that these 58 

neurobiological regulations are relevant to the development of various neuropsychiatric and 59 

neurodegenerative disorders [7], those remain to be fully elucidated in systemic autoimmune 60 

diseases [6, 8]. Inflammatory arthritis (IA) such as rheumatoid arthritis (RA) and 61 

spondyloarthritis (SpA) is a representative autoimmune disease characterized by progressive and 62 

irreversible bone deformity caused by autoimmune joint inflammation despite anti-rheumatic 63 

treatment. Especially in IA, the brain function would affect the patients’ pain perception and 64 

systemic inflammation status [8-12]. Direct neuronal interaction with joint inflammation and 65 

pain response was previously demonstrated in the mouse model of arthritis [13, 14]. In humans, 66 

the studies using functional magnetic resonance imaging (fMRI) demonstrated neural cross-67 

sectional correlations with serological inflammation and pain centralization of IA patients [9, 11, 68 

12]. On the other hand, chronic pain and systemic inflammation themselves affects brain 69 

function. The observation about chronic pain-induced alteration of brain function, called central 70 

sensitization as pain hypersensitivity, is reported in both patients with autoimmune IA [9, 10], 71 

and osteoarthritis (OA) which demonstrates non-inflammatory mechanical pain in multiple joints 72 

[15, 16]. Also, it is reported that systemic inflammation affects functional alteration of some 73 

brain areas such as medial frontal cortex and inferior parietal lobule, and robustly causes 74 

cognitive dysfunction and mood disorders [11, 17, 18]. Considering these concepts, we wonder 75 

that disease activity assessment including patients’ reported outcomes (e.g. patients’ global 76 

assessment (PGA) for self-assessed disease status) and systemic inflammation state, and 77 

therapeutic response to anti-rheumatic drugs would be affected by brain function in patients with 78 

IA. For the development of appropriate medical care from neurological aspects in IA, we thus 79 
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aimed to explore the common therapeutic response-related functional alteration of the brain 80 

among RA and SpA patients, using resting-state fMRI. 81 

 82 

PATIENTS and METHODS 83 

Participants 84 

Data of patients with IA were collected from a derivation cohort of 51 patients and a validation 85 

cohort of 31 patients scanned at Hokkaido University Hospital, Sapporo, Japan. IA includes RA 86 

and SpA. The patients with RA and SpA met 2010 American College of Rheumatology (ACR) 87 

RA classification criteria [19], and the Assessment of SpondyloArthritis international Society 88 

(ASAS) classification criteria for axial or peripheral SpA [20, 21], respectively. Among IA 89 

patients in the derivation dataset, 33 patients required therapeutic intention by biological disease 90 

modifying anti-rheumatic drugs and had clinical data before and after therapy. All the 31 IA 91 

patients in the validation dataset needed biologics treatment and were clinically evaluated before 92 

and after therapy. In the validation dataset, the IA patients were scanned twice: before therapy 93 

and 3 months after therapy. Data of 17 healthy controls (HCs) were also acquired at Hokkaido 94 

University. Inclusion criteria for healthy controls were >18 years old and free of psychiatric and 95 

neurological history. Data of 56 patients with OA were acquired from OpenNeuro, an open 96 

platform for sharing neuroimaging datasets (doi: 10.18112/openneuro.ds000208.v1.0.0) [22]. 97 

Data of OA patients and those of HCs were used as a disease control with non-inflammatory pain 98 

and a control without any pain, respectively. The study was approved by the Institutional Review 99 

Board of Hokkaido University Hospital (reference number: 010-0031, 018-0128 and 018-0222). 100 

The present study complies with the Declaration of Helsinki. We obtained informed consent for 101 

the study and publication from all the patients included in this study.  102 
 103 

Clinical assessment for the patients with IA 104 

Clinical assessments for RA include followings: simplified disease activity index (SDAI) 105 

calculated by tender and swollen joint count (TJC/SJC), PGA/evaluator’s global assessment 106 
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(EGA) for disease status, and serum level of C-reactive protein (CRP) [23]; and Disease Activity 107 

Score 28 (DAS28)-CRP calculated by TJC, SJC, PGA, and serum CRP level [24]. Twenty-eight 108 

joints for TJC and SJC includes shoulders, elbows, knees, wrists, and each finger and thumb 109 

(metacarpophalangeal or proximal interphalangeal joints). PGA and EGA are evaluated by a 110 

visual analogue scale scored from 0 to 10. Clinical evaluations for SpA include followings: the 111 

Ankylosing Spondylitis Disease Activity Score (ASDAS)-CRP calculated by back pain, 112 

peripheral pain/swelling, morning stiffness duration, PGA, and serum level of CRP [25]; the 113 

Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) calculated by fatigue, back pain, 114 

joint pain/swelling, enthesitis, and morning stiffness and duration [26]; and the Bath Ankylosing 115 

Spondylitis Functional Index (BASFI) consisted of ten questions about physical function [27]. 116 

Therapeutic response is defined as at least 20% improvement in ACR core set of disease activity 117 

measures for clinical trials in RA [28], and ASAS20 improvement in SpA [29]. The IA patients 118 

in both datasets were functionally assessed by following questionaries: the modified Health 119 

Assessment Questionnaire (mHAQ) for patients' functional status in activities of daily living 120 

(range: 0-3.0) [30]; EuroQol 5 dimensions 5 level (EQ5D-5L) for measuring generic health 121 

status (maximum value: 1.0) [31]; and Revised Fibromyalgia Impact Questionnaire (FIQR). 122 

FIQR consists of the 3 domains regarding (i) function for daily living (nine items), (ii) overall 123 

impact for accomplishing goals and overwhelming (two items), and (iii) symptoms such as pain, 124 

fatigue and mental (10 items) graded on a 0-10 numeric scale in each item [32]. 125 

 126 

Imaging acquisition parameters 127 

All brain imaging data were acquired on a 3.0 T MRI scanner (Achieva TX, Philips Medical 128 

Systems) and a standard 32-channel radio frequency head coil (Philips Medical Systems, Best, 129 

the Netherlands). T2*-weighted images were acquired using an echo-planar imaging sequence, 130 

which took approximately 7 minutes in duration, with the following parameters: repetition time 131 

(TR) 3,000 ms, echo time (TE) 30 ms, flip angle 80°, field of view 24 cm × 24 cm, matrix size 132 

64 × 64, slice thickness 3.3 mm, interslice gap 3.3 mm, 48 axial slices, and 140 volumes. During 133 
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scanning, the patient was instructed to rest calmly with her eyes open and not to sleep. The 134 

patient also did not undergo any cognitive task during the scan. The structural T1 magnetization-135 

prepared rapid gradient echo images of the head were acquired with the following parameters: 136 

TR 7 ms, TE 3 ms, flip angle 8°, field of view 24 cm × 24 cm, matrix size 256 × 256, slice 137 

thickness 1.2 mm, interslice gap 1.2 mm, and 170 sagittal slices. 138 

 139 

Data preprocessing and denoising, and brain atlas 140 

Preprocessing was performed using Statistical Parametric Mapping 12 software (SPM12; 141 

Wellcome Department of Cognitive Neurology, London, UK) and the CONN toolbox 142 

(www.nitrc.org/projects/conn) implemented in MATLAB (Mathworks, Natick, MA, USA) [33]. 143 

Default preprocessing pipeline included motion correction, realignment, slice-timing correction, 144 

outlier identification, coregistration to structural scan, segmentation, normalization to Montreal 145 

Neurological Institute space, and spatial smoothing (8 mm Gaussian kernel). Structural scans 146 

were skull stripped and segmented into grey matter, white matter and cerebrospinal fluid (CSF) 147 

masks using the unified segmentation approach implemented in Statistical Parametric Mapping 148 

12. For functional data, the four initial volumes were discarded to allow for stabilization of the 149 

magnetic field. Motion artifact detection was performed with the artifact detection toolbox (ART 150 

toolbox). Outliers’ images were subsequently included as nuisance regressors within the first-151 

level general liner model (GLM) to remove any influence of these outlier scans on time series. 152 

For physiological and other sources of noise decrement, the noise was estimated and regressed 153 

out using CompCor, a component-based noise correction method [34]: the effect of noise was 154 

modelled as a voxel specific linear combination of multiple estimated noise sources by 155 

calculating principal components from noise regions and by adding them as parameters within 156 

the GLMs. The white matter and CSF masks were used as noise regions of interest (ROIs) and 157 

removed with regression. A temporal band-pass filter of 0.008 to 0.09 Hz was applied to the time 158 

series for removing high-frequency activity related to the cardiac and respiratory activity. 159 
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Residual blood oxygen level-dependent (BOLD) time series were yielded to be extracted for 160 

subsequent analysis by these corrections. 161 

A total of 132 atlas-based ROIs from FSL Harvard-Oxford Atlas maximum likelihood cortical 162 

and subcortical atlas, and AAL atlas for cerebellum were selected [35, 36]. For a detailed 163 

analysis of insula, probabilistic atlases of insular subregion were used to subdivide insular cortex 164 

(IC) into six subregions: anterior IC consisting of anterior pole, anterior short gyrus, middle short 165 

gyrus and posterior short gyrus, and posterior IC consisting of anterior long gyrus and posterior 166 

long gyrus (Supplementary Table S1) [37].  167 

 168 

Functional connectivity analysis 169 

ROI-to-ROI analyses were performed to compute Pearson’s bivariate correlation coefficients 170 

between a pair of ROIs BOLD time series among each subject [38]. As standardized within the 171 

CONN toolbox, correlations underwent a Fisher’s Z-transformation.  In first-level analysis, static 172 

functional connectivity was calculated using the entire BOLD time series of each subject. For 173 

second-level analyses, group level contrasts included age, sex, and disease. The ROI-based 174 

inferences method was applied to control false positives. First, a different cluster of connections 175 

for each row of the ROI-to-ROI matrix was defined to group all connections which arose from 176 

the same ROI as a new cluster. Second, we then performed a multivariate parametric GLM for 177 

all connections included in each of these new clusters of connections, deriving an F-statistic for 178 

each ROI and a related uncorrected ROI-level p-value. Using the Benjamini-Hochberg method, a 179 

false discovery rate (FDR)-corrected ROI-level p-value is generated as the expected proportion 180 

of false discoveries among all ROIs with effects across the entire set of ROIs. The top 10% 181 

correlations between ROIs within the absolute value of functional connectivity > 0.2 are 182 

rendered on the axial anatomical brain view generated by BrainNet Viewer software [39].  183 
  184 
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Statistical analysis 185 

We used ANCOVA adjusting age and sex as confounds to compare the values of continuous 186 

variables. For multiple comparisons among groups, Bonferroni method was used to generate 187 

family-wise-error (FWE)-corrected p-value. Pearson product-moment correlation coefficient was 188 

calculated for a linear correlation between clinical parameters and fMRI data measures. A 189 

receiver operating characteristic (ROC) analysis was performed to evaluate the accuracy for 190 

treatment response corresponding to functional connectivity value with the area under the curve 191 

(AUC). We used JMP Pro 14 (SAS Institute Inc., Cary, NC, USA) for all analyses. The analysis 192 

results were considered to demonstrate statistical significance when the p-value was below 0.05. 193 

All statistical tests were two-sided. 194 

 195 

Data statement 196 

Participants' whole-brain correlation matrices and the clinical data are available upon a 197 

reasonable request to the corresponding author.  198 

 199 

RESULTS 200 

Resting-state functional connectivity with disease-specificity for inflammatory arthritis 201 

To study neuronal correlates regarding disease activity in patients with IA, we first evaluated 202 

disease-specific resting-state functional correlations among each brain area and compared them 203 

with those of HCs and OA patients (Fig. 1A, Supplementary Tables S2 and S3). We assessed the 204 

difference of brain functional coordination among the groups in the derivation dataset. We 205 

detected 1283 differentially correlated functional connectivity with statistical significance among 206 

the groups (Fig. 1B, Supplementary Fig. S1A and B, Supplementary Table S1). Among these 207 

regions, we detected the altered functional coupling with left insular cortex (IC) and anterior 208 

compilate cortex (ACC) as only statistically significant connectivity in the IA patients compared 209 

to the HCs and OA patients (Fig. 1C). The functional connectivity between these areas showed 210 

the lowest value in the patients with IA (Fig. 1D).  211 
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To achieve a detailed understanding of the functional coordination, we considered anatomical 212 

subdivisions of IC into six parts: anterior pole, anterior/middle/posterior short gyrus and 213 

anterior/posterior long gyrus (Fig. 2A, Supplementary Table S1) [40]. We calculated functional 214 

connectivity between ACC and subdivided areas in left IC, and found the almost significant 215 

connections to anterior pole and anterior long insular gyrus (IG) with the lowest functional 216 

connectivity value in IA (Fig. 2B). 217 

 218 

Therapeutic response to biologics predicted by resting-state functional connectivity 219 

We next assessed therapeutic effectiveness with biological anti-rheumatic drugs by comparing 220 

the functional connectivity between ACC and left whole IC, anterior pole, or anterior long IG. In 221 

the derivation dataset including 33 patients with IA who required therapy intensification using 222 

biologics and had clinical data before and after therapy, there were no differences of the baseline 223 

characteristics between treatment-effective and -ineffective group (Supplementary Table S4). 224 

Functional connectivity value between left anterior long IG and ACC was significantly higher in 225 

the treatment-effective group than -ineffective group (Fig. 3A), but functional connectivity value 226 

between ACC and whole left IC or left anterior pole were similar between the treatment-effective 227 

group and -ineffective group (Supplementary Fig. S2A and B). Furthermore, the functional 228 

correlation of ACC and left anterior long IG had a significant accuracy for treatment 229 

effectiveness with the AUC 0.7269 (95% confidence interval 0.5394-0.9145) in ROC analysis 230 

(Fig. 3B). For validation, we applied these results to the 31 IA patients with similar baseline 231 

characteristics in the validation dataset (Supplementary Table S5). As with the results from the 232 

derivation dataset, the IA patients with therapeutic response had significantly higher functional 233 

connectivity between left anterior long IG and ACC before treatment than those with therapeutic 234 

resistance (Fig. 3C), and the functional correlation between left anterior long IG and ACC before 235 

treatment consistently had the best accuracy for treatment response with AUC 0.8070 (0.6561-236 

0.9579) of ROC analysis in the validation dataset (Fig. 3D). 237 

 238 
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Improvement of patient reported outcomes correlated with resting-state functional 239 

connectivity 240 

We finally focused on the transition of functional connectivity value between left anterior long 241 

IG and ACC by biological anti-rheumatic treatment, and the improvement of clinical parameters 242 

from the aspect of baseline functional connectivity using whole dataset. We found that functional 243 

connectivity among whole brain regions were self-correlated (Supplementary Fig. S3A), and that 244 

the functional coordination values between left anterior long IG and ACC did not vary after the 245 

3-month treatment condition (Fig. 4).  246 

In contrast, the baseline functional connectivity between left anterior long IG and ACC was 247 

significantly correlated with therapeutic improvement of disease activity score assessed by SDAI 248 

for RA and ASDAS-CRP for SpA (Fig. 5A). Similarly, DAS28-CRP for RA and BASDAI for 249 

SpA were correlated with the baseline functional connectivity (Fig. 5B). The connectivity also 250 

had significant correlation with patients’ reported outcomes as PGA of the disease and FIQR for 251 

chronic pain assessment (Fig. 5C and D). Among FIQR domains, the domain 1 for daily living 252 

function and domain 3 for physical and mental symptoms including pain sensation especially had 253 

strong correlation with the functional connectivity (Supplementary Fig. S3B-D). In addition, the 254 

functional connectivity had significant correlations with after-treatment clinical parameters, 255 

including PGA, EGA, TJC, disease activity indices for RA, and indicators for physical function, 256 

pain perception, and quality of life (Supplementary Table S6). Thus, functional connectivity 257 

between ACC and left anterior long IG, which is a subdivided part of IC, was significantly 258 

associated with therapeutic response including disease activity and patients’ reported outcomes 259 

in IA patients. 260 

 261 

DISCUSSION 262 

In this study, we focused on left IC and ACC as the brain regions specific for IA patients with 263 

low functional connectivity value compared to OA patients and HC. We also demonstrated 264 

functional connectivity between ACC and left anterior long IG, a subdivision of IC, significantly 265 
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affected therapeutic response to biological anti-rheumatic treatment regarding the improvements 266 

of disease activity, especially PGA in the patients with RA and SpA.  267 

How does the functional connectivity between left IC and ACC affect clinical assessment in IA? 268 

These brain regions play a role of individual susceptibility to the influence of pain and 269 

inflammation [9, 11, 41]. IC and ACC are also known as limbic regions dealing with 270 

interoception, the sensation of the physiological condition of the entire body, to estimate and 271 

balance the autonomic, metabolic, and immunological assets [42-45]. Considering subparts of 272 

IC, anterior long IG in posterior IC has a distinct role in interoceptive prediction as primary 273 

interoceptive viscerosensory cortex from anterior IC and ACC as visceromotor cortices. Granular 274 

cortices like anterior long IG with well-defined layer IV incoming sensory input from the 275 

thalamus could transmit prediction error to agranular visceromotor regions to modify predictions, 276 

regarded as active interoceptive inference for maintaining homeostasis or enabling allostasis 277 

[42]. Our study revealed that IA patients especially with ineffective therapeutic response to 278 

biologics had dissociative functional connections between left IC and ACC regions, which might 279 

suggest interoceptive ineptness via inappropriate anticipatory responses to facing situations in 280 

agranular cortices and unregulated noisy afferent interoceptive inputs in granular cortices. 281 

Therefore, patients with low functional connectivity between ACC and left anterior long IG 282 

would acquire lower satisfaction as a lack of PGA improvement than those with high 283 

connectivity despite appropriate anti-rheumatic treatment demonstrated by sufficient reduction of 284 

systemic inflammation levels. According to the value of the functional connectivity between left 285 

anterior long IG and ACC, the difference of local inflammation in the joints should be explored 286 

between IA patients with or without therapeutic response in further analysis. 287 

The sustained aversive neural pain signals correlated with the clinical course of diseases [46]. 288 

Although both chronic pain and peripheral inflammation contribute to structural and functional 289 

changes in pain-processing brain regions in the context of pain centralization [9, 11], 290 

corticolimbic connection relevant to motivation-valuation circuitry is revealed to be a top-291 

controlling predictor for pain persistence. In this study, we evaluated the functional connectivity 292 
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of inflammatory chronic pain from IA patients, non-inflammatory chronic pain from OA patients 293 

and pain-free status from HCs. In addition, the functional connectivity value between left IC and 294 

ACC that we identified was not associated with the disease duration of IA. Therefore, it would 295 

be much subjected to the presence of systemic inflammation, and thus would be a robust 296 

neurobiological marker predicting therapeutic effectiveness from the viewpoint of PGA 297 

improvement shared in both RA and SpA patients. 298 

We acknowledge several limitations in this study: first, this is a single-center retrospective study. 299 

Although a multicenter study is required for a definitive conclusion, our study could validate the 300 

results, strengthening its credibility; second, we used the dataset of HCs including relatively 301 

young people compared with others and those of OA patients from USA. The difference of age 302 

and race is not negligible for the neuroimaging analysis. However, our result of the IA-specific 303 

functional connectivity was derived from adjusting age effects in GLM and comparing the IA 304 

patients with other two datasets. Therefore, we could find the functional connectivity between 305 

left IC and ACC as the robust characteristic of IA; third, cause-and-effect relationship between 306 

the altered functional connectivity and disease activity status in IA was not provided by our 307 

study. Future basic studies in rodents or interventional research in humans are needed to 308 

establish the detailed neural association including neurological pathway and its mechanism for 309 

disease pathogenesis in IA. 310 

Our data suggest that brain functional connectivity is aberrant in systemic autoimmune 311 

inflammatory disorders including RA and SpA. An important matter for future studies may be 312 

what neurological pathway is associated and how the circuitry modifies the assessment of 313 

individual status. Nonetheless, our present study would give an epochal insight that brain 314 

communication is associated with clinical characteristics to some extent, possibly involving 315 

clinical decision-making in therapeutic strategy. 316 
  317 
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FIGURE LEGENDS 447 

Figure 1. Exploration of specific functional connectivity in inflammatory arthritis 448 

(A) Experimental protocol for resting-state functional magnetic resonance imaging (MRI). (B) 449 

Statistically significant connectivity matrix 132 brain regions of interest (ROIs) across subjects 450 

in the derivation dataset including patients with inflammatory arthritis (IA, n = 51) and 451 

osteoarthritis (OA, n = 56) and healthy controls (HCs, n = 17). Lines with statistical significance 452 

via ANCOVA adjusting age and sex with false-discovery-rate correction among all ROIs with 453 

effects across the entire set of ROIs using Benjamini-Hochberg method, are color-coded by F-454 

statics. (C) Reference brain images of left insular cortex (IC) (red) and anterior cingulate cortex 455 

(ACC) (blue) (left panel). Intersection of reference lines indicates centroids of the coordinates of 456 

ROIs. Time-series Blood-oxygen-level-dependent (BOLD) signals of the subject groups (right 457 

panel). Data are average (solid line) ± s.e.m. (band). (D) Group level multiple comparison in the 458 

values of functional connectivity between left IC and ACC. Data are mean ± s.e.m. **PFamily-Wise-459 

Error (FWE) < 0.01, ***PFWE < 0.001, ANCOVA adjusting age and sex with Bonferroni method. 460 

 461 

Figure 2. Detailed functional connectivity analysis for subdivisions of left insular cortex 462 

and anterior cingulate cortex 463 

(A) Six subdivisions of left insular cortex. (B) Group level multiple comparison of functional 464 

connection values between subdivided regions in left insular cortex and anterior cingulate cortex 465 

among IA and OA patients and HCs. *PFamily-Wise-Error < 0.05, ANCOVA adjusting age and sex 466 

with Bonferroni method. 467 

 468 

Figure 3. Accuracy of the functional connectivity for therapeutic response in IA 469 

(A) Functional connectivity (FC) value between left anterior long insular gyrus (IG) and anterior 470 

cingulate cortex according to therapeutic effectiveness among IA patients in the derivation 471 

dataset (n = 33). (B) Receiver operating curve (ROC) analysis for treatment effectiveness using 472 

FC between left anterior long IG and ACC in the derivation dataset. (C) FC value between left 473 
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anterior long IG and ACC corresponding to therapeutic effectiveness in the validation dataset (n 474 

= 31 per groups). (D) ROC analysis for treatment effectiveness using FC between left anterior 475 

long IG and ACC in the validation dataset. Data are mean ± s.e.m, *P < 0.05, **P < 0.01, 476 

ANCOVA adjusting age and sex with general liner model. 477 

 478 

Figure 4. Stable baseline value of functional connectivity despite treatment 479 

Constancy of functional connectivity value between left anterior long insular gyrus and anterior 480 

cingulate gyrus before and after treatment in the patients with inflammatory arthritis of the 481 

validation dataset (n = 31). 482 

 483 

Figure 5. The correlations of functional connectivity with clinical parameters 484 

(A-D) Correlation analysis using Pearson’s correlation coefficient between functional 485 

connectivity (FC) of interest and the improvement of clinical parameters, which is adjusted by 486 

age and sex: (A) disease activity score SDAI and ASDAS-CRP, (B) disease activity score 487 

DAS28-CRP and BASDAI, (C) patients’ global assessment, and (D) Fibromyalgia Impact 488 

Questionnaire (FIQR) in whole dataset.  489 
  490 
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GRAPHICAL ABSTRACT 491 

Functional connectivity between anterior cingulate cortex and left anterior long insular gyrus, 492 

which is a subdivided part of insular cortex, demonstrated a significant accuracy for therapeutic 493 

response including disease activity and patients’ reported outcomes in patients with 494 

inflammatory arthritis. 495 

 496 

 497 
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