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Supplementary Materials

Supplementary Methods
Inclusion and exclusion criteria
Inclusion Criteria
Patients were enrolled in the study if they met all of the following criteria: 1) Han Chinese descent; 2) right-handed and over 18 years of age; 3) a clinical diagnosis of overactive bladder (OAB) confirmed independently by two senior urologists in accordance with the International Continence Society (ICS) guidelines; 4) no history of using anticholinergic agents within the past year.

Exclusion Criteria
Subjects were excluded from participation based on the following: 1) pregnancy or ongoing lactation; 2) prior surgical history involving the genitourinary or reproductive tract; 3) presence of severe systemic illness; 4) use of anxiolytic, antidepressant, or sedative-hypnotic medications during the three months before enrollment; 5) diagnosis of any neurodegenerative disorder; 6) any other medical condition that could potentially confound the assessment of urinary symptoms; 7) contraindications to magnetic resonance imaging (MRI) or the presence of structural brain abnormalities identified on T1-weighted imaging.

Clinical assessments
Symptom severity was quantified using the Overactive Bladder Symptom Score (OABSS) and the Overactive Bladder Questionnaire (OAB-q). All OAB diagnoses were independently verified by two senior urologists in strict adherence to the diagnostic criteria established by the International Continence Society (ICS). Healthy control subjects were recruited only if they had a total Overactive Bladder Symptom Score (OABSS) of 5 or less, a threshold supported by prior large-scale studies for ruling out clinically meaningful OAB symptoms. To specifically exclude core symptomatology, we further required a score of 0 on the urgency item (item 3, denoting a complete absence of urgency) and a score of 1 or less on the nocturia item (item 4, representing one or fewer nightly episodes). A brief structured interview was also conducted with all potential controls to confirm the absence of other lower urinary tract symptoms, including dysuria, weakened stream, or sensation of incomplete emptying.
Prior to MRI, all participants underwent a standardized 4-hour fluid fast. To minimize diurnal variation, all neuroimaging data were acquired within a fixed afternoon time window (2:00 PM to 4:00 PM).

MRI protocols
Magnetic resonance imaging was conducted on a 3.0T Siemens Magnetom Vida scanner (Siemens Healthineers, Erlangen, Germany) equipped with a 32-channel head coil. Prior to scanning, each subject voided their bladder and received instructions to stay awake and minimize movement. Head motion was limited using foam padding, and earplugs were provided to attenuate scanner noise.
Structural and diffusion data were acquired using the following sequences:
T1-weighted imaging: 3D MPRAGE: TR = 2200 ms, TE = 2.48 ms, flip angle = 9°, slice thickness = 1 mm, 176 slices.
Resting-state fMRI (rs-fMRI): GRE-EPI: TR = 2200 ms, TE = 21 ms, flip angle = 90°, slice thickness = 4 mm, 30 slices, 300 volumes (11 min).
Diffusion tensor imaging (DTI): TR = 7900 ms, TE = 95 ms, slice thickness = 2 mm, 54 slices, b = 0/1000 s/mm², 30 directions.

Imaging quality control
MRI datasets that did not satisfy imaging quality requirements were excluded from analysis, as summarized in Supplementary Figure 1. Overall, 29 MRI datasets failed imaging quality requirements (10 OAB and 19 healthy controls). Thirteen participants were excluded specifically because rs-fMRI head motion exceeded 3 mm translation or 3° rotation (8 OAB and 5 healthy controls). Among participants who underwent MRI, the proportion excluded because of excessive head motion was 6.6% (8/121) in the OAB group and 3.8% (5/133) in the healthy-control group (Fisher’s exact P = 0.396). Residual motion was modeled using the Friston-24 parameters. No volume-level scrubbing/censoring or mean-FD-based exclusion threshold was used.

Supplementary Figures and Figure Legends

[image: S Fig 1]Supplementary Figure 1. Flowchart of the present study. Of the MRI datasets failing quality requirements, 13 participants (8 OAB and 5 healthy controls) were excluded specifically because head motion exceeded 3 mm translation or 3° rotation.
[image: s fig2_画板 1]
Supplementary Figure 2. Associations between age and clinical symptoms in patients with OAB. Age was positively correlated with the OABSS score (A), but not with the OAB-q score (B), in OAB patients. OABSS = Overactive Bladder Symptom Score; OAB-q = Overactive Bladder Questionnaire.
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[bookmark: _Hlk217547610][bookmark: _Hlk217547594][bookmark: _Hlk217399341]Supplementary Figure 3. Global graph-theory metrics of OAB patients and healthy controls in the initial full-group analysis. In the initial full-group analysis, no significant differences in global graph-theory metrics were found between OAB patients and healthy controls. Lp = Average Path Length; Eg = Global Efficiency; Eloc = Local Efficiency; Cp = Clustering Coefficient. ns means no significant.
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Supplementary Figure 4. Graph theory metrics and VMHC of OAB patients and healthy controls in three age groups. Age1 = young adults (≤40 years); Age2 = middle-aged adults (41-65 years); Age3 = older adults (>65 years). Lp = Average Path Length; Eg = Global Efficiency; Eloc = Local Efficiency; Cp = Clustering Coefficient; DC = Degree Centrality; VMHC = Voxel-Mirrored Homotopic Connectivity. *p < 0.05; **p < 0.01; ***p < 0.001; ns means no significant.
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Supplementary Figure 5. Seed-based functional connectivity analysis using the left IPL VMHC interaction cluster in older adults. Seed-based functional connectivity analysis showed that the functional connectivity between the right supramarginal gyrus (SMG) and the left inferior parietal lobule (IPL) in the older group was significantly lower than that in the healthy controls. (A) The location of the right SMG. (B) The peak point location of the right SMG (peak MNI coordinates: x=54, y=-39, z=42; cluster size=97 voxels; T=-4.70, cluster-level p < 0.05, GRF-corrected, voxel P<0.001).

Supplementary Tables

Supplementary Table 1. Clinical and demographic information
	
	Age1 (≤40 years)
	Age2 (41-65 years)
	Age3 (>65 years)

	
	OAB
	HC
	p
	OAB
	HC
	p
	OAB
	HC
	p

	Age
	30.62±1.814
	30.47±1.369
	0.948
	57.5(50,60.25)
	56(50.5,60.5)
	0.855
	70(67.25,74.50)
	71(68.75,72.50)
	0.798

	Sex
	4(13)
	5(15)
	0.885
	23(70)
	21(65)
	0.946
	12(28)
	11(34)
	0.394

	BMI
	21.82±0.88
	23.63±0.88
	0.161
	23.73(22.47,26.18)
	24.22(22.45,26.26)
	0.726
	23.57±0.61
	24.03±0.63
	0.429

	Edu
	15(13.5,16)
	14(9,16)
	0.235
	9(9,12)
	9(9,12)
	0.775
	9(9,12)
	9(9,12)
	0.605

	OABSS
	8(5,9.5)
	0(0,0)
	<0.001**
	8(7,9.5)
	0(0,0)
	<0.001**
	9(8,12)
	1(0,1)
	<0.001**

	OAB-q
	55(39,78)
	19(19,20)
	<0.001**
	53.5(44,64)
	19(19,20)
	<0.001**
	61.5(56,79.25)
	20.5(19,22)
	<0.001**

	vascular factor
	0(0,0)
	0(0,0)
	0.586
	1(0,1)
	0(0,1)
	0.507
	1(0,2)
	1(0.75,2)
	0.31

	hypertension
	0(13)
	0(15)
	-
	27(70)
	16(65)
	0.082
	11(28)
	18(34)
	0.284

	diabetes
	0(13)
	0(15)
	-
	5(70)
	5(65)
	0.903
	5(28)
	5(34)
	0.737

	hyperlipidemia
	0(13)
	2(15)
	0.484
	17(70)
	16(65)
	0.964
	6(28)
	14(34)
	0.098

	smoke
	1(13)
	1(15)
	0.722
	7(70)
	7(65)
	0.884
	5(28)
	4(34)
	0.498


BMI = body mass index; OABSS = overactive bladder symptom score; OAB-q = overactive bladder questionnaire; *p < 0.05; **p < 0.01; ***p < 0.001.

Supplementary Table 2. Clinical characteristics of OAB in three age groups
	
	Age1 (n=13)
	Age2 (n=70)
	Age3 (n=28)
	p value
	posterior comparisons

	male(total)
	4(13)
	23(70)
	12(28)
	0.606
	-

	BMI
	21.01(19.42,25.12)
	23.73(22.47,26.18)
	23.75(21.82,26.05)
	0.079
	-

	education
	15(13.5,16)
	9(9,12)
	9(9,12)
	<0.001**
	Age1>Age2;
Age1>Age3;
Age2 vs Age3 NS

	vascular factor
	0(0,0)
	1(0,1)
	1(0,2)
	0.007*
	Age1<Age2;
Age1<Age3;
Age2 vs Age3 NS

	OABSS
	8(5,9.5)
	8(7,9.5)
	9(8,12)
	0.003*
	Age1<Age3;
Age2<Age3;
Age1 vs Age2 NS

	OAB-q
	57.69±5.298
	53.90±1.758
	64.46±2.657
	0.009*
	Age2<Age3;
Age1vsAge2 NS;
Age1 vs Age3 NS

	urinary incontinence rate
	0.077
	0.186
	0.393
	0.034*
	Age1<Age3;
Age2<Age3;
Age1 vs Age2 NS

	rate of medication use within three months
	0.077
	0.229
	0.321
	0.224
	—

	duration of illness
	2(0.25,3.5)
	3(1,5)
	4.5(3.25,12.75)
	0.001*
	Age1<Age3;
Age2<Age3;
Age1 vs Age2 NS


Age1 = young adults (≤40 years); Age2 = middle-aged adults (41-65 years); Age3 = older adults (>65 years). BMI = body mass index; OABSS = overactive bladder symptom score; OAB-q = overactive bladder questionnaire; *p < 0.05; **p < 0.01; ***p < 0.001; NS means no significant.

Supplementary Table 3. Effect-size and uncertainty estimates for key diagnosis-by-age-stratum findings
	Imaging measure
	Interaction F (2,217)
		Partial η²



	



	Young: adjusted OAB–HC difference (95% CI)
	Middle-aged: adjusted OAB–HC difference (95% CI)
		Older: adjusted OAB–HC difference (95% CI)

	Cp
	5.572
	0.049
	−0.000566 (−0.003263 to 0.002131)
	0.001217 (0.000145 to 0.002289)
	−0.001898 (−0.003289 to −0.000507)

	Right SMG DC
	18.013
	0.142
	0.0040 (−0.1111 to 0.1192)
	0.0749 (0.0344 to 0.1154)
	−0.1564 (−0.2287 to −0.0840)

	Left IPL VMHC
		13.320



	



	0.109
	−0.0718 (−0.1852 to 0.0416)
	0.0508 (−0.0074 to 0.1090)
	−0.2021 (−0.2887 to −0.1154)


Adjusted differences represent OAB minus healthy control and were estimated within each age stratum after adjustment for sex and education. The young, middle-aged, and older strata included 13/15, 70/65, and 28/34 participants with OAB/healthy controls, respectively. For right SMG DC and left IPL VMHC, the interaction F statistics and partial η² values were calculated from values extracted from clusters identified by the corresponding whole-brain diagnosis-by-age-stratum interaction analyses and are therefore presented as descriptive effect-size estimates rather than independent confirmatory statistics. Cp = clustering coefficient; DC = degree centrality; VMHC = voxel-mirrored homotopic connectivity; SMG = supramarginal gyrus; IPL = inferior parietal lobule; CI = confidence interval; OAB = overactive bladder.

Supplementary Table 4. Complementary continuous-age analyses of diagnosis-related brain-network effects
	Imaging measure
	Diagnosis × Age β (95% CI)
	P

	Diagnosis × Age² β (95% CI)
	P
	Joint interaction F (2,217)
	FDR-adjusted P

	Cp
	−0.000751 (−0.001455 to −0.000047)
	0.0368*
	−0.000378 (−0.000746 to −0.000009)
		0.0446



	



	2.894
	0.0575

	Right SMG DC
	−0.0607 (−0.0937 to −0.0277)
	0.0004***
	−0.0204 (−0.0377 to −0.0031)
		0.0207



	



	6.833
	0.0040**

	Left IPL VMHC
		−0.0578 (−0.0968 to −0.0188)



	



	0.0039*
		



	−0.0235 (−0.0439 to −0.0031)



	0.0242
	4.783
	0.0139


Age was mean-centered and scaled in 10-year units; models were adjusted for sex and education. The joint F test simultaneously assessed the diagnosis × age and diagnosis × age² terms. CI = confidence interval; FDR = false discovery rate; Cp = clustering coefficient; DC = degree centrality; VMHC = voxel-mirrored homotopic connectivity; SMG = supramarginal gyrus; IPL = inferior parietal lobule. *p < 0.05; **p < 0.01; ***p < 0.001.

Supplementary Table 5. Sensitivity analyses accounting for vascular and clinical differences across age strata
Panel A. Diagnosis-by-age-stratum interactions after additional adjustment for vascular risk and BMI
	Imaging measure
	Primary model P
	+Vascular-risk burden P
	+ Vascular-risk burden + BMI P

	Cp
		0.0044*



	



	0.0046*
	0.0044*

	Right SMG DC
	<0.001***
		<0.001***



	



		<0.001***



	




	Left IPL VMHC
		<0.001***



	



		<0.001***



	



		<0.001***



	





Panel B. Age-stratum effects within the OAB group after adjustment for clinical characteristics
	Imaging measure
	F (df1, df2)
	P

	Cp
	9.522(2,102)
	<0.001***

	Right SMG DC
	70.967(2,102)
	<0.001***

	Left IPL VMHC
	35.822(2,102)
	<0.001***


Panel A shows full-sample diagnosis-by-age-stratum models with additional adjustment for vascular-risk burden and BMI. Panel B shows OAB-only age-stratum models adjusted for sex, education, vascular-risk burden, disease duration, OABSS, and urinary incontinence. BMI = body mass index; OAB = overactive bladder; OABSS = Overactive Bladder Symptom Score; DC = degree centrality; VMHC = voxel-mirrored homotopic connectivity; SMG = supramarginal gyrus; IPL = inferior parietal lobule. *p < 0.05; ***p < 0.001.
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