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[bookmark: _Toc234752452]Supplementary Methods 1. Executive function task paradigm.
1. Color-Word Matching Stroop Task
This task (total duration: 6 minutes 13 seconds) assessed response inhibition using 120 pseudo-randomized trials (61 congruent, 59 incongruent). In each trial, participants were presented with a Chinese color-character (e.g., “紅” meaning red) displayed in either a congruent (e.g., the word “紅” in red ink) or an incongruent (e.g., the word “紅” in green ink) ink color. Participants were required to indicate the ink color as quickly and accurately as possible within a 2-second response window using a three-button response box (green = thumb, red = index finger, yellow = middle finger). Each stimulus was presented for 2,000 milliseconds (ms), followed by a jittered inter-trial interval averaging 1,015 ms (range: 600-1,400 ms). Performance metrics were calculated for each condition. The Stroop interference effect for ACC was defined as ACC congruent-ACC incongruent, and for RT as RT incongruent- RT congruent, where smaller RT interference scores and higher ACC indicated superior selective attention and conflict-monitoring ability. Additionally, the error rate on incongruent trials was calculated as a specific indicator of cognitive control demand and task difficulty.[1] Throughout the task, a total of 184 fMRI volumes were acquired per participant.

2. The More-Odd-Shifting Task
[bookmark: OLE_LINK1]This task (total duration: 5 minutes 18 seconds) assessed cognitive flexibility across 128 trials divided into six blocks (A, B, C, C, B, A), which were categorized into three types: “more” trials (judging whether a digit was greater/less than five, cued by green color), “odd” trials (judging parity, cued by red color), and mixed trials combining both rules. Blocks A and B were single-task blocks (16 trials each), requiring consistent “more” or “odd” judgments, respectively. Block C was the critical mixed-task block (32 trials per presentation), in which green or red digits appeared randomly, requiring participants to switch between the two task rules; trials within this block were classified as repeat trials (same task as the preceding trial) or switch trials (task differed from the preceding trial). Participants responded within a 2-second response window following stimulus onset. Each stimulus was presented for 2,000 ms, followed by a jittered inter-trial interval averaging 1,015 ms (range: 600-1,400 ms) during which a central fixation cross was displayed. The primary executive function measures derived were (a) the global switch cost (performance difference between mixed-task and single-task blocks), reflecting general dual-task coordination, and (b) the local switch cost (performance difference between switch and repeat trials within the mixed block), specifically indexing attentional set reconfiguration and inhibitory control.[2] Throughout the task, a total of 225 fMRI volumes were acquired per participant.

3. The Digit 2-back Task
This task assessed working memory (total duration: 5 minutes 83 seconds) using 100 trials across four blocks (25 trials each), separated by 3,000-ms rest periods. In each trial, participants were presented with a sequence of single-digit Arabic numerals (0-9). Following a fixation cross (“+”) displayed for 300 ms and a 700-ms interval, each numeral was presented for 2,000 ms. Participants were required to judge whether the current digit matched the digit presented two trials earlier, responding within a 3-second response window upon stimulus onset (excluding the first two trials). They pressed a designated “target” key for a match and a “non-target” key for a non-match, with a 1,000-ms blank-screen inter-trial interval following each response. Performance was assessed using mean RT for correct trials, ACC. Throughout the task, a total of 175 fMRI volumes were acquired per participant.

4. Intraindividual variability 
The primary metric for assessing intraindividual variability in task performance was the residual intraindividual standard deviation (residual ISD). This measure offers a statistically robust estimate of variability by accounting for potential confounders such as within-person temporal effects (e.g., practice) and between-person differences (e.g., age).[3, 4] Reaction times were modeled using a linear regression that included trial number, age category (60-65, 65-69, 70-74, 75-79, and 80-84 years), and their interaction as predictors. The model residuals were then extracted, transformed into T-scores, and used to calculate each participant’s residual ISD across different timepoints and task conditions. For comparative purposes, two additional variability measures were computed: the raw-score intraindividual standard deviation (raw ISD) and the intraindividual coefficient of variation, defined as the raw ISD divided by the individual’s mean reaction time.[5] For the calculation of mean correct response times, within-individual reaction time standard deviation, and coefficient of variation, only trials with correct responses were calculated to capture the mean and variability of reaction times fully.[6] 

5. Task performance metrics
[bookmark: _Hlk220852422][bookmark: _Hlk219996519]For the Stroop task, performance was indexed by accuracy and reaction time (RT) across congruent and incongruent conditions. This included calculating Stroop interference effect for both accuracy and RT, as well as error rate on incongruent trials. For the More-Odd-Shifting task, accuracy and RT were analyzed within mixed-task and single-task blocks. From these, two key measures were derived: global switch cost (performance difference between mixed-task and single-task blocks) and local switch cost (performance difference between switch and repeat trials within mixed blocks). For the 2-Back task, the main metrics were accuracy and RT. A negative d‑prime score was interpreted as an indication that the participant did not properly understand or engage with the task; therefore, behavioral data from such participants were excluded from analysis.[7] To assess intraindividual variability, all three tasks were analyzed using the following measures: residual intraindividual standard deviation, raw score intraindividual standard deviation, and intraindividual coefficient of variation. 

[bookmark: _Toc234752453]Supplementary Methods 2. Imaging data acquisition parameters of functional magnetic resonance imaging outcomes. 
Prior to the formal scan, participants underwent a 20-minute mock MRI session to mitigate anxiety and unfamiliarity. The stimuli were delivered using a dedicated fMRI stimulation system (model SA-9939, Sinorad Medical Electronics, www.sinorad.com). During the scan, foam padding was used to restrict head movement and enhance data quality.

Structural images were acquired with a three-dimensional T1-weighted rapid field echo sequence in the sagittal orientation, with participants instructed to stay awake and adhere to specific MRI acquisition parameters (repetition time = 1.57 s, echo time = 2.15 ms, flip angle = 9°, number of slices = 176, slice orientation = sagittal, field of view = 256 × 256 mm², slice thickness = 1.0 mm, voxel size = 1.0×1.0×1.0 mm3, generalized autocalibrating partially parallel acquisitions acceleration factor = 2, bandwidth = 220 Hz per pixel, lasting 3.67 minutes). High-resolution task-state functional data were acquired using a T2*-weighted echo-planar imaging sequence (repetition time = 2.0 s, echo time = 30.0 ms, flip angle = 90°, number of slices = 37, slice orientation = transverse, field of view = 224 × 224 mm², slice thickness = 3.0 mm, voxel size = 2.0×2.0×3.0 mm3, phase encoding direction = posterior-anterior, bandwidth = 2350 Hz/Px, lasting 10.23 minutes/session).

fMRI data preprocessing was performed using the RESTplus toolbox (v1.31) implemented in MATLAB 2022b.[8, 9] The preprocessing pipeline included slice timing correction, realignment for motion correction, and spatial normalization to Montreal Neurological Institute space using the Diffeomorphic Anatomical Registration Through Exponentiated Lie Algebra tool (using T1 images processed via the New Segment algorithm).[10] After normalization, images were smoothed with a 6 mm full-width at half maximum Gaussian kernel.[11] To remove low-frequency drift and scanner artifacts, a high-pass filter with a cutoff of 128 s was applied to the data. Participants were excluded from statistical analyses based on the following quality control criteria: (1) head motion exceeding a maximum displacement of 2.0 mm or maximum rotation of 2.0° in any direction;[12] (2) a non-response rate >50% during the tasks.

[bookmark: _Hlk218794926]Regions of interest (ROIs) were informed by meta-analytic association test maps from the Neurosynth platform.[13] To identify the relevant ROIs, we used the search terms “response inhibition” for the Stroop Task, “switching” for the More-Odd-Shifting Task, and “working memory” for the 2-back Task. As recommended by the platform, ROIs were defined as 6 mm radius sphere centered on peak coordinates and cluster extent thresholding was applied to ensure sufficient regional volume. The MNI coordinates of all ROIs used in the analysis were provided in Tables S1-S3 and Figures S1-S3.

[bookmark: _Hlk215649461][bookmark: _Hlk215649446]For the Stroop Task, the model included two regressors of interest (congruent, incongruent). The critical contrast [incongruent > congruent] was computed to identify neural activity related to response inhibition. For the More-Odd-Shifting Task, we defined the contrast [mixed-task > single-task] to examine global shifting demands, and within mixed-task blocks, the contrast [switch > repeat] to isolate task-switching processes. For the Digit 2-back Task, the contrast [Digit 2-back Task > baseline] was used to assess working memory. The implicit baseline comprised the unmodeled portions of the time series, including periods of scanner noise and low-level cognitive activity occurring between task trials. In the task-based fMRI analysis, missed trials were excluded, while incorrect trials were retained, in order to maximize statistical power through the inclusion of all usable data.

[bookmark: _Toc234752454]Supplementary Methods 3. Qualitative interview procedure.
We employed an inductive thematic analysis approach.[14] As we progressed with coding, the theme started to formulate and consolidate. This iterative process allowed us to identify connections between codes, refine our understanding, and discover participants’ first-hand experiences.[14] Two researchers (FH and TC) engaged in a line-by-line coding of the transcripts using NVivo Version 12 software.[15] This initial coding process was conducted independently to ensure each researcher’s coding decision was not interfered with by another coder. Following this, the researchers convened to juxtapose their codes, facilitating a consensus on the coding approach.[16] 

The interviews were conducted by an experienced qualitative researcher (JL) and three junior researchers (FH, SL, and HL). JL is a professional researcher with a Ph.D. qualification in physical activity and social sciences. She had seven years of experience in conducting qualitative research and published a relevant article.[17] FH, SL, and HL are research assistants who received training in interview skills from JL. They worked with JL on two parallel sessions before conducting interviews alone. 

[bookmark: _Toc234752455]Supplementary Methods 4. Statistical analysis of secondary outcomes
Models included group (active vs sham), time (pre-treatment, post-treatment, follow-ups), and their interaction as fixed effects. Where applicable, we adjusted for baseline characteristics showing significant between-group differences.[18] Model selection was based on the lowest Akaike information criterion.[19] Executive function was analyzed via analysis of covariance, similarly adjusting for baseline imbalances. Treatment effect sizes were estimated using Hedges’ g with 95% confidence intervals for pairwise comparisons of temporal changes.[20] The Benjamini-Hochberg procedure was applied to control for the false positive rate (FDR) across multiple comparisons.[21] Effect sizes were interpreted as small (d > 0.2), medium (d > 0.5), or large (d > 0.8).[20]

[bookmark: _Toc234752456]Supplementary Methods 5. Statistical analysis of imaging data
The primary analytical step was to test the group-by-time interaction. When the interaction was significant (P < 0.05), simple effects were systematically examined: (a) within-group neural activity changes over time were assessed separately for each group using paired-samples t-tests; and (b) between-group neural activity differences at each time point (pre-treatment and post-treatment) were evaluated using independent-samples t-tests. When the interaction was non-significant (P ≥ 0.05), the analysis proceeded to interpret the main effects. Specifically, the main effect of time was examined to determine whether the neural activity changed significantly over time across both groups combined, and the group main effect was examined to determine whether neural activity differed between the two groups when averaged across the two time points.

[bookmark: _Toc234752457]Supplementary Results 1. Recruitment Process.
Three hundred and seventy candidates were screened via the telephone (approximately 10.2 per week) yielding 125 (33.8%) individuals for further in-person screening. Of them, 95 were excluded due to psychiatric or neurological comorbidities (n = 25), MRI or iTBS contraindications (n = 20), fear of stimulation (n = 12), claustrophobia (n = 10), history of cancer (n = 5), and non-responsiveness (n = 23).

[bookmark: _Toc234752458]Supplementary Results 2. Qualitative assessments.
1. Perceived changes after intervention
Four out of ten interviewed participants reported that their subjective cognitive functions were improved and their emotional well-being was enhanced after the treatment. Three reported better mobility in their low back area with reduced pain, demonstrating the effects of iTBS treatment in alleviating pain and enhancing function in their pain region. 
“I truly forget I have that feeling of chronic low back pain. I feel free to make larger physical movements or exercise. I even try to lift heavy items, like five    
pounds of rice. Additionally, I walk somewhat farther.” (Participant: CLBP17, age: 68, gender: female, group: active intervention group)

“After undergoing a few treatments, I have clearly noticed a reduction in pain intensity. I think this is quite wonderful.” (Participant: CLBP13, age: 61, gender: female, group: active intervention group)

While treatment effects can vary among individuals, six out of ten interviewed participants expressed that their attention, concentration, emotions, memory, sleep quality, and pain remained unchanged after treatment. 
“In terms of attention and memory, I remain largely unchanged compared to before treatment. I am generally not easily affected emotionally by external matters. For instance, if I am asked to recall something that was told just a few minutes ago, I would likely be unable to do so.” (Participant: CLBP23, age: 72, gender: female, group: active intervention group)

2. Participants’ experience of the interventions
Certain barriers may hinder participation in the study. Since MRI appointments required advanced bookings at the facility, the scheduled times were inflexible. Additionally, one participant reported confusion due to last-minute changes in MRI appointment times after their initial confirmation.
“The scheduling lacks flexibility and can feel quite rushed at times. Furthermore, the process is somewhat unclear; appointments changed repeatedly even after confirmation, sometimes requiring participants to rejoin the queue. ”(Participant: CLBP32, age: 66, gender: female, group: active intervention group)

In addition to scheduling challenges, only one participant reported physical discomfort during the mock MRI scans, including neck pain. Three felt uneasy and anxious while performing tasks inside the MRI scanner. One participant mentioned that the number of trials seemed excessive, contributing to a perceived heavy workload. Furthermore, one participant felt that unclear task instructions led to difficulties in understanding the requirements. Only one participant felt anxious since she remained concerned about the safety of MRI procedures, particularly about radiation exposure, despite receiving a detailed explanation of the fact that MRI does not involve radiation exposure. 
“The instructions made me feel quite nervous at the beginning in the MRI scanner. I also felt the number of tasks, particularly the color-based ones, was excessive. Additionally, the rules were not fully clear to me.” (Participant: CLBP08, age: 65, gender: female, group: active intervention group)

Four out of ten interviewed participants found the staff highly supportive throughout the study. They described the staff as caring, warm-hearted, and responsible. The punctuality of the team, even under tight schedules, contributed to a positive experience and fostered cooperation among participants.
“The arrangements were very well organized. The staff was also very attentive, consistently reminding me of upcoming steps in the process and checking whether I felt uncomfortable. Overall, it is a great experience.” (Participant: CLBP17, age: 68, gender: female, group: active intervention group)

3. Suggestions for improvements
One participant suggested that the experimental steps could be outlined. Regarding the iTBS treatment, one participant found the head coil to be heavy and suggested reducing its pressure for improved comfort. One recommended shortening the session duration, while one believed that increasing the treatment intensity could be beneficial. 
“It would be advantageous if the promotional materials clearly stated how many MRI scans and iTBS treatments are involved and the intervals between them, allowing me to better understand and anticipate the schedule. During the treatment, the head coil we had to wear felt very heavy. It would be better if its weight could be reduced. Since I was offering their time and effort with the aim of achieving results, perhaps the treatment intensity could be appropriately adjusted to identify a more suitable level. Also, the duration of the treatment sessions could be shortened somewhat.” (Participant: CLBP02, age: 67, gender: male, group: active intervention group)

Regarding the MRI procedures, one participant mentioned that providing a clearer explanation of the cognitive task process would greatly enhance the overall participants’ experience and make the cognitive tasks performed inside the scanner more comfortable.
“When I lay down and faced the ceiling inside the MRI scanner, I couldn’t wear my glasses, which made it difficult for me to see clearly. This aspect could probably be improved.” (Participant: CLBP18, age: 69, gender: male, group: active intervention group)

[bookmark: _Toc234752459]Table S1. Peak Montreal Neurological Institute coordinates of regions of interests of Color-Word Matching Stroop Task. 
	Regions of interest
	Peak Montreal Neurological Institute coordinates

	
	x
	y
	z

	Right Supramarginal Gyrus 
	57.40
	-46.50
	37.70

	Right Supplementary Motor Area 
	12.00
	19.00
	60.00

	Right Middle Cingulate Gyrus  
	7.30
	16.20
	42.20

	Right Middle Frontal Gyrus 
	31.00
	50.00
	26.00

	Right Insula 
	39.00
	17.00
	-7.70

	Left Insula 
	-38.00
	16.00
	-7.50

	Right Inferior Frontal Gyrus, Opercular Part 
	43.60
	17.00
	11.00


Note: cluster-size>50.


[bookmark: _Toc234752460]Table S2. Peak Montreal Neurological Institute coordinates of regions of interests of More-Odd-Shifting Task. 
	Regions of interest
	Peak Montreal Neurological Institute coordinates

	
	x
	y
	z

	Left Inferior Parietal Lobule 
	-30.00
	-69.00
	45.00

	Left Superior Parietal Lobule
	-29.40
	-68.00
	48.00


Note: cluster-size>20.

[bookmark: _Toc234752461]Table S3. Peak Montreal Neurological Institute coordinates of regions of interests of Digit 2-back Task. 
	Regions of interest
	Peak Montreal Neurological Institute coordinates

	
	x
	y
	z

	Right Middle Frontal Gyrus
	41.00
	36.00
	25.00

	Right Insula 
	33.60
	23.50
	-2.60

	Right Inferior Parietal Lobule  
	36.60
	-48.40
	42.00

	Right Superior Medial Frontal Gyrus
	8.40
	20.80
	41.50

	Right Middle Cingulate Cortex
	3.80
	17.10
	41.50

	Right Supramarginal Gyrus 
	42.20
	-42.80
	42.00

	Left Inferior Parietal Lobule
	-32.80
	-52.20
	42.00

	Left Precentral Gyrus 
	-41.50
	2.10
	33.00

	Left Inferior Frontal Gyrus, Triangular Part 
	-41.30
	30.20
	28.30

	Left Middle Frontal Gyrus 
	-42.20
	34.90
	28.30

	Left Superior Medial Frontal Gyrus 
	-2.80
	20.80
	41.40


Note: cluster-size>200.


[bookmark: _Toc234752462]Table S4. Assessment of blinding effectiveness.
	Group
	Active iTBS
	Sham iTBS
	Don’t know
	P 

	[bookmark: _Hlk218322111]Active intervention group
	7/14 (50.00%)
	1/14 (7.14%)
	6/14 (42.86%)
	0.06

	[bookmark: _Hlk218241247]Sham group
	2/15 (13.33%)
	1/15 (6.67%)
	12/15 (80.00%)
	


Note: iTBS, intermittent theta burst stimulation.


[bookmark: _Toc234752463]Table S5. Sensitivity analysis (per-protocol analysis) for patient-reported outcome measures.
	Outcome measures
	Group P 
value
	Time P 
value
	Group x 
Time P 
value
	Within-group effect size g (95% CI)
	Between-group effect size g (95% CI)

	
	
	
	
	Active intervention group
	Sham group
	Active intervention group vs Sham group

	NPRS (chronic back pain one-week average)
	0.93
	<0.001
	0.43
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-1.12 (-1.95, -0.29)**
	-1.35 (-2.14, -0.55)***
	-0.59 (-1.35, 0.17)

	One-month follow-up
	
	
	
	-1.03 (-1.85, -0.21)**
	-1.23 (-2.01, -0.45)**
	-0.59 (-1.35, 0.17)

	Three-month follow-up
	
	
	
	-1.11 (-1.93, -0.28)**
	-0.81 (-1.56, -0.07)*
	-0.47 (-1.22, 0.28)

	NPRS (chronic back pain currently)
	0.58
	<0.001
	0.46
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-1.20 (-2.04, -0.37)**
	-1.51 (-2.32, -0.69)***
	-0.68 (-1.44, 0.08)

	One-month follow-up
	
	
	
	-1.01 (-1.83, -0.20)*
	-1.07 (-1.84, -0.31)**
	-0.64 (-1.40, 0.12)

	Three-month follow-up
	
	
	
	-0.98 (-1.79, -0.17)*
	-0.92 (-1.68, -0.17)*
	-0.30 (-1.05, 0.45)

	NPRS (chronic knee pain one-week average)
	0.84
	0.29
	0.84
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.71 (-1.79, 0.37)*
	-0.70 (-1.86, 0.47)
	0.10 (-0.99, 1.19)

	One-month follow-up
	
	
	
	-0.82 (-1.91, 0.27)
	-0.67 (-1.83, 0.49)
	0.19 (-0.90, 1.28)

	Three-month follow-up
	
	
	
	-0.62 (-1.69, 0.45)
	-0.61 (-1.77, 0.55)
	0.34 (-0.76, 1.44)

	NPRS (chronic knee pain currently)
	0.86
	0.13
	0.61
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.45 (-1.51, 0.62)
	-1.24 (-2.48, -0.01)*
	0.37 (-0.73, 1.47)

	One-month follow-up
	
	
	
	-0.71 (-1.80, 0.37)
	-1.23 (-2.47, 2.070e-04)*
	0.26 (-0.83, 1.36)

	Three-month follow-up
	
	
	
	-0.40 (-1.45, 0.66)
	-0.76 (-1.93, 0.42)
	0.47 (-0.66, 1.55)

	PSQI
	0.97
	[bookmark: _Hlk218689446]<0.001
	0.18
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	1.15 (0.32, 1.98)**
	0.13 (-0.60, 0.86)
	0.28 (-0.48, 1.04)

	One-month follow-up
	
	
	
	0.74 (-0.06, 1.53)
	0.38 (-0.34, 1.10)*
	-0.09 (-0.83, 0.65)

	Three-month follow-up
	
	
	
	0.75 (-0.05, 1.55)
	0.52 (-0.21, 1.24)*
	-0.12 (-0.86, 0.62)

	RMDQ
	0.84
	0.12
	0.35
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.50 (-1.28, 0.28)
	-0.32 (-1.05, 0.40)
	-0.19 (-0.93, 0.56)

	One-month follow-up
	
	
	
	-0.41 (-1.18, 0.37)
	-0.28 (-1.00, 0.44)
	-0.04 (-0.78, 0.70)

	Three-month follow-up
	
	
	
	-0.06 (-0.83, 0.71)
	-0.34 (-1.06, 0.38)
	0.27 (-0.48, 1.02)

	PCS
	0.12
	0.74
	0.47
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.03 (-0.80, 0.74)
	-0.23 (-0.96, 0.48)
	-0.34 (-1.09, 0.41)

	One-month follow-up
	
	
	
	-0.22 (-1.00, 0.55)
	0.00 (-0.72, 0.72)
	-0.73 (-1.49, 0.04)

	Three-month follow-up
	
	
	
	-0.03 (-0.80, 0.74)
	-0.13 (-0.85, 0.58)
	-0.34 (-1.09, 0.41)

	WOMAC total score
	0.58
	0.05
	0.86
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.72 (-1.81, 0.36)
	-0.84 (-2.02, 0.34)
	0.52 (-0.59, 1.63)

	One-month follow-up
	
	
	
	-0.95 (-2.05, 0.16)
	-0.88 (-2.06, 0.31)
	0.48 (-0.63, 1.58)

	Three-month follow-up
	
	
	
	-0.38 (-1.44, 0.67)
	-0.45 (-1.60, 0.69)
	0.45 (-0.65, 1.55)

	WOMAC pain subscore
	0.57
	0.05
	0.93
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.58 (-1.65, 0.49)
	-0.58 (-1.74, 0.57)
	0.33 (-0.77, 1.43)

	One-month follow-up
	
	
	
	-0.74 (-1.83, 0.34)
	-0.71 (-1.88, 0.45)
	0.36 (-0.74, 1.46)

	Three-month follow-up
	
	
	
	-0.26 (-1.31, 0.80)
	-0.32 (-1.46, 0.82)
	0.38 (-0.72, 1.48)

	WOMAC stiffness subscore
	0.97
	0.10
	0.94
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.34 (-1.40, 0.72)
	-0.33 (-1.47, 0.81)
	-0.05 (-1.14, 1.04)

	One-month follow-up
	
	
	
	-0.63 (-1.71, 0.44)
	-0.52 (-1.68, 0.63)
	-0.23 (-1.32, 0.86)

	Three-month follow-up
	
	
	
	-0.12 (-1.16, 0.93)
	-0.09 (-1.23, 1.04)
	-0.06 (-1.15, 1.04)

	WOMAC physical function subscore
	0.43
	0.01
	0.97
	
	
	

	Pre
	
	
	
	
	
	

	Post 
	
	
	
	-0.76 (-1.85, 0.33)
	-0.87 (-2.06, 0.31)
	0.66 (-0.46, 1.78)

	One-month follow-up
	
	
	
	-0.98 (-2.09, 0.13)
	-0.88 (-2.07, 0.30)
	0.56 (-0.55, 1.67)

	Three-month follow-up
	
	
	
	-0.41 (-1.47, 0.65)
	-0.43 (-1.57 0.72)
	0.47 (-0.64, 1.57)


Notes: CI, confidence interval; NPRS, Numerical Pain Rating Scale; PSQI, Pittsburgh Sleep Quality Index; RMDQ, Roland-Morris Disability Questionnaire; PCS, Pain Catastrophizing Scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index. The P-value in bold indicates a statistically significant difference. The effect sizes (Hedges’ g) with 95% confidence interval in bold also indicates a statistically significant difference. Significance levels are denoted as * <0.05, **<0.01, ***<0.001.
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[bookmark: _Toc234752464]Figure S1. Montreal Neurological Institute coordinates of regions of interests used in the analysis for Color-Word Matching Stroop Task.
Notes: SMG.R, Right Supramarginal Gyrus; SMA.R, Right Supplementary Motor Area; MCG.R, Right Middle Cingulate Gyrus; MFG.R, Right Middle Frontal Gyrus; Ins.R, Right Insula; Ins.L, Left Insula; IFGop.R, Right Inferior Frontal Gyrus, Opercular Part.
[image: ]
[bookmark: _Toc234752465]Figure S2. Montreal Neurological Institute coordinates of regions of interests used in the analysis for More-Odd-Shifting Task.
Notes: IPL.L, Left Inferior Parietal Lobule; SPL.L, Left Superior Parietal Lobule.
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[bookmark: _Toc234752466]Figure S3. Montreal Neurological Institute coordinates of regions of interests used in the analysis for Digit 2-back Task.
Notes: MFG.R, Right Middle Frontal Gyrus; Ins.R, Right Insula; IPL.R, Right Inferior Parietal Lobule; SMFG.R, Right Superior Medial Frontal Gyrus; MCC.R, Right Middle Cingulate Cortex; SMG.R, Right Supramarginal Gyrus; IPL.L, Left Inferior Parietal Lobule; PCG.L, Left Precentral Gyrus; IFGtri.L, Left Inferior Frontal Gyrus, Triangular Part; MFG.L, Left Middle Frontal Gyrus; SMFG.L, Left Superior Medial Frontal Gyrus.
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