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Supplementary Text 
Effect of years of education on the behavioral performance and neural responses in the audiovisual speech-in-noise perception task
We found that years of education including both formal and informal education were significantly different between ONM and OM. Due to historical reasons in China, all recruited older adults discontinued formal education at the same time (1960s-1970s). Therefore, the self-reported years of education cannot represent the education level of the older subjects reliably. 
The years of education were highly correlated with the group variable between OM and ONM (point-biserial correlation r = 0.64), and were correlated with the group variable between older subjects and young subjects (ONM vs. YNM: = 1; OM vs. YNM: = 0.74). Therefore, it is not suitable to put the years of education variable into the analyses as a control variable because of the collinearity problem. 
To exclude the effect of years of education on our results, we performed supplementary analysis to investigate the effect of years of education on the behavioral performance, BOLD activation, task-induced functional connectivity, and resting-state functional connectivity. We included the years of education in the mixed-designed ANOVA. We found years of education is not significant in all of the analysis (behavioral: all p > 0.522; BOLD activation: all  > 0.157; task-induced functional connectivity: all  > 0.098; resting-state functional connectivity: all  > 0.649). Therefore, years of education did not influence the behavioral performance and neural responses in this study.

Patterns of TiFC under AV condition showed hemisphere difference between groups 
Under audiovisual condition, we also found a main effect of group on TiFC within the bilateral auditory dorsal streams (LpSTG-LPrCGsup; RpSTG-RSMA, RSMG, RPrCGsup, Fig. S2, for statistics, see Supplementary Table 2). 
For connectivity that showed a significant group effect after FDR correction, the pairwise comparison revealed stronger TiFC in both OMs and ONMs than in young adults in left brain (LpSTG-LPrCGsup, Fig. S2 left, Supplementary Table 2). In right brain, OMs, rather than ONMs, demonstrated stronger functional connectivity than YNMs in the right hemisphere (RpSTG-RSMA, RSMG, RPrCGsup, Fig. S2 right, for statistics, see Supplementary Table 2). However, no brain-behavior correlation was found in OMs. 



[image: ]
[bookmark: _Hlk165207708]Fig. S1: Brain-behavior correlation and TiFC in L SMG under AV condition. A, Task-induced functional connectivity (TiFC) from left posterior superior temporal gyrus (L pSTG) to Left supramarginal gyrus (L SMG) predicted behavioral performance under audiovisual (AV) condition in ONMs. B, ONM showed greater TiFC than YNMs in L SMG under AV condition. Bar plots show the group mean TiFC in specific target regions. Error bars indicate the SEM. *P < 0.05, **P < 0.01; ONMs, older non-musicians; YNMs, young non-musicians.
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[bookmark: _Hlk165207528][bookmark: _Hlk165207771][bookmark: _Hlk165207656]Fig. S2:  TiFC of the 3 groups under audiovisual (AV) condition ONMs showed upregulated task-induced functional connectivity in left dorsal streams compared to YNMs, while older musicians OMs exhibited upregulated task-induced functional connectivity in bilateral functional connectivity compared YNMs. Bar plots show the group mean TiFC in specific target regions. Error bars indicate the SEM. ** < 0.01, * < 0.05, † < 0.1; OMs, older musicians; ONMs, older non-musicians; YNMs, young non-musicians; PrCGsup, left superior part of precentral gyrus, SMG, supramarginal gyrus, SMA, supplementary motor area, L, left; R, right.



Supplementary table 1. Mixed-design ANOVA and post hoc analysis of behavioral performance under audio conditions (A), audiovisual conditions (AV), as well as visual enhancement (VE). The F values and associated p values represent the main effect of the group from a Mixed-design ANOVA. The t values and p values are from post hoc pairwise comparisons with FDR correction. 
	
	Group main effect (p) 
	OMs vs. ONMs (p) 
	OMs vs. YNMs (p) 
	ONMs vs. YNMs (p) 

	A
	28.65(<0.001)
	2.80(0.007)
	-4.72(<0.001)
	-7.50(<0.001)

	AV
	22.89(<0.001)
	4.48(<0.001)
	-2.19(0.032)
	-6.62(<0.001)

	VE 
	15.99(<0.001)
	4.01(<0.001)
	-1.48(0.143)
	-5.45(<0.001)







Supplementary table 2. Mixed-design ANOVA and post hoc analysis of task-induced functional connectivity under audio conditions (A), audiovisual conditions (AV), as well as visual enhancement (VE). The F values and associated p values represent the main effect of the group from a Mixed-design ANOVA. The reported p values have been corrected for multiple comparisons across the ROIs using the FDR method. The t values and associated p values are from post hoc pairwise comparisons with FDR correction.
	Seed: LSTG
	Target regions
	Group main effect
() 
	OMs vs. ONMs
()
	OMs vs. YNMs
()
	ONMs vs. YNMs
()

	A
	L SMA
	8.14(0.001)
	1.16(0.250)
	-2.77(0.011)
	-3.93(0.001)

	
	L SMG
	7.18(0.001)
	1.57(0.120)
	-2.20(0.047)
	-3.77(0.001)

	
	L PrCGsup
	12.06(<0.001)
	1.85(0.069)
	-3.01(0.005)
	-4.86(0.000)

	
	L SM
	7.58(0.001)
	-0.14(0.890)
	-3.44(0.002)
	-3.30(0.002)

	
	
	
	
	
	

	AV
	L SMA
	0.66(0.522)
	-0.65(0.622)
	-1.14(0.622)
	-0.50(0.622)

	
	L SMG
	2.61(0.162)
	0.58(0.567)
	-1.63(0.163)
	-2.20(0.093)

	
	L PrCGsup
	5.38(0.027)
	0.64(0.524)
	-2.47(0.024)
	-3.11(0.008)

	
	L SM
	1.10(0.453)
	0.66(0.512)
	-0.82(0.512)
	-1.48(0.431)

	
	
	
	
	
	

	VE
	L SMA
	4.77(0.025)
	-1.54(0.129)
	1.55(0.129)
	3.09(0.009)

	
	L SMG
	1.57(0.215)
	-1.03(0.462)
	0.74(0.462)
	1.77(0.246)

	
	L PrCGsup
	1.89(0.211)
	-1.23(0.332)
	0.68(0.496)
	1.92(0.177)

	
	L SM
	4.69(0.025)
	0.83(0.411)
	2.97(0.012)
	2.14(0.054)

	
	
	
	
	
	

	Seed: RSTG
	Target regions
	
	
	
	

	A
	R SMA
	4.47(0.020)
	1.78(0.119)
	-1.19(0.239)
	-2.97(0.012)

	
	R SMG
	10.69(<0.001)
	2.03(0.047)
	-2.59(0.018)
	-4.61(0.000)

	
	R PrCGsup
	5.40(0.013)
	1.90(0.092)
	-1.37(0.175)
	-3.27(0.005)

	
	R SM
	2.70(0.074)
	1.59(0.174)
	-0.67(0.506)
	-2.26(0.081)

	
	
	
	
	
	

	AV
	R SMA
	4.30(0.035)
	-1.28(0.206)
	-2.93(0.014)
	-1.65(0.156)

	
	R SMG
	6.06(0.015)
	-2.03(0.070)
	-3.46(0.003)
	-1.44(0.156)

	
	R PrCGsup
	3.34(0.055)
	-1.21(0.231)
	-2.58(0.036)
	-1.37(0.231)

	
	R SM
	1.70(0.191)
	-1.61(0.179)
	-1.58(0.179)
	0.04(0.971)

	
	
	
	
	
	

	VE
	R SMA
	3.31(0.042)
	-2.57(0.037)
	-1.23(0.222)
	1.34(0.222)

	
	R SMG
	5.95(0.017)
	-3.37(0.004)
	-1.05(0.299)
	2.32(0.035)

	
	R PrCGsup
	3.48(0.042)
	-2.63(0.032)
	-1.14(0.259)
	1.49(0.211)

	
	R SM
	4.75(0.023)
	-2.98(0.012)
	-0.81(0.418)
	2.17(0.051)





Supplementary table 3. Mixed-design ANOVA and post hoc analysis of BOLD activation under audio conditions (A), as well as visual enhancement (VE). The F values and associated p values represent the main effect of the group from a Mixed-design ANOVA. The reported p values have been corrected for multiple comparisons across the ROIs using the FDR method. The t values and associated p values are from post hoc pairwise comparisons with FDR correction.
	A
	Group main effect
() 
	OMs vs. ONMs
()
	OMs vs. YNMs
()
	ONMs vs. YNMs
()

	L SMA
	2.29(0.241)
	-2.05(0.132)
	-0.51(0.613)
	1.54(0.190)

	L SMG
	1.75(0.241)
	-1.87(0.199)
	-0.80(0.426)
	1.07(0.426)

	L PrCGsup
	0.24(0.791)
	-0.59(0.832)
	-0.59(0.832)
	-0.00(0.999)

	L SM
	2.57(0.241)
	-2.27(0.080)
	-1.12(0.265)
	1.14(0.265)

	R SMA
	1.19(0.356)
	-1.43(0.343)
	-1.21(0.343)
	0.22(0.830)

	R SMG
	1.93(0.241)
	-1.96(0.163)
	-1.10(0.395)
	0.86(0.395)

	R PrCGsup
	2.29(0.241)
	-0.98(0.332)
	-2.14(0.108)
	-1.16(0.332)

	R SM
	1.87(0.241)
	-1.53(0.194)
	-1.78(0.194)
	-0.25(0.803)

	
	
	
	
	

	VE
	
	
	
	

	L SMA
	1.34(0.525)
	-1.42(0.240)
	-0.00(1.000)
	1.42(0.240)

	L SMG
	0.52(0.598)
	-0.69(0.736)
	0.30(0.766)
	0.99(0.736)

	L PrCGsup
	2.41(0.525)
	-1.90(0.093)
	0.01(0.996)
	1.90(0.093)

	L SM
	1.05(0.525)
	-1.04(0.456)
	0.36(0.722)
	1.39(0.456)

	R SMA
	1.50(0.525)
	-1.41(0.245)
	0.17(0.869)
	1.57(0.245)

	R SMG
	0.86(0.525)
	-0.29(0.775)
	0.97(0.506)
	1.25(0.506)

	R PrCGsup
	1.60(0.525)
	-1.22(0.338)
	0.52(0.603)
	1.74(0.256)

	R SM
	0.79(0.525)
	-1.00(0.482)
	0.16(0.876)
	1.16(0.482)






Supplementary table 4. One-way ANOVA and post hoc analysis of intrinsic functional connectivity. The F values and associated p values represent the main effect of the group from a Mixed-design ANOVA. The reported p values have been corrected for multiple comparisons across the ROIs using the FDR method. The t values and associated p values are from post hoc pairwise comparisons with FDR correction.
	Seed: LSTG
	Target regions
	Group main effect
() 
	OMs vs. ONMs
()
	OMs vs. YNMs
()
	ONMs vs. YNMs
()

	
	L SMA
	6.20(0.010)
	-0.66(0.511)
	-3.52(0.002)
	-2.11(0.058)

	
	L SMG
	5.68(0.010)
	-0.17(0.869)
	-3.36(0.004)
	-2.38(0.031)

	
	L PrCGsup
	4.37(0.022)
	-0.43(0.668)
	-2.96(0.013)
	-1.87(0.099)

	
	L SM
	2.80(0.068)
	-0.55(0.585)
	-2.35(0.064)
	-1.33(0.281)

	
	
	
	
	
	

	Seed: RSTG
	Target regions
	
	
	
	

	
	R SMA
	5.23(0.015)
	0.05(0.964)
	-3.20(0.006)
	-2.42(0.027)

	
	R SMG
	5.27(0.015)
	-0.81(0.420)
	-3.22(0.006)
	-1.78(0.120)

	
	R PrCGsup
	3.31(0.050)
	0.06(0.954)
	-2.54(0.040)
	-1.94(0.085)

	
	R SM
	3.12(0.050)
	-0.71(0.481)
	-2.47(0.048)
	-1.29(0.301)







Supplementary table 5. The Group Mean (Standard Deviation) Values and Statistics of Age, Education, Pure Tone Average (PTA) at 250–4000 Hz, MOCA Score, Age of Training Onset, and Years of Music Training in Each Group
	Group
	Age
	Edu
	PTA
	MOCA
	Age of onset
	Years of training

	Older musicians
	65.12
(4.06)
	13.02
(2.96)
	12.38
(5.39)
	27.92
(1.19)
	10.90
(4.56)
	50.88
(8.75)

	Older non-musicains
	66.64
(3.40)
	9.50
(3.02)
	12.58
(3.58)
	27.52
(1.39)
	NA
	NA

	t (p)
	-1.43
(0.158)
	4.15
(<0.001)
	-0.15
(0.881)
	1.09
(0.28)
	
	

	Young non-musicains
	23.13
(2.38)
	16.50
(1.67)
	0.71
(3.32)
	NA
	NA
	NA
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