Appendix A - Supplemental Material

	Supplemental Figure 1. presents the prevalence of audiometrically defined hearing impairment based on better-ear pure-tone averages (1, 2, 3, 4 kHz) across age–sex groups and study timepoints. At baseline, mild hearing impairment (PTA > 25 dB HL) ranged from 6.7% to 52.4% across groups, whereas moderate or greater impairment (PTA > 40 dB HL) ranged from 1.0% to 22.3%. Mild impairment at baseline was 13.4% in males aged 45–64 (n = 8,138), 6.7% in females aged 45–64 (n = 8,695), 52.4% in males aged 65+ (n = 6,019), and 37.0% in females aged 65+ (n = 5,970). Moderate or greater impairment at baseline was 2.8%, 1.0%, 22.3%, and 11.1% in these groups, respectively. By Follow-Up 2, mild hearing impairment ranged from 6.9% to 27.5% and moderate or greater impairment ranged from 1.2% to 13.3%. At Follow-Up 2, mild impairment was 11.0% in males aged 45–64 (n = 3,801), 6.9% in females aged 45–64 (n = 4,472), 27.5% in males aged 65+ (n = 2,578), and 22.1% in females aged 65+ (n = 2,634). Moderate or greater impairment at Follow-Up 2 was 3.0%, 1.2%, 13.3%, and 9.1%, respectively. Overall, audiometric hearing impairment showed a higher prevalence in adults aged 65+ than those aged 45–64, and modest changes over time, particularly for moderate or greater impairment.

Supplemental Figure S1. Prevalence of Mild and Moderate Audiometric Hearing Impairment 
[image: ]
Note. Hearing impairment was defined using better-ear pure-tone averages across 1, 2, 3, and 4 kHz. Mild hearing impairment was defined as > 25 dB HL (light bars), and moderate or greater hearing impairment as > 40 dB HL (dark bars).


Cross-Lagged Path Model (Baseline and Follow-Up 1 only) 
The cross-lagged panel model using audiometric hearing thresholds (better-ear pure-tone average) and loneliness demonstrated poor fit to the data, χ²(48) = 9430.59, p < .001, CFI = .858, TLI = .537, RMSEA = .167, 90% CI [.164, .170], SRMR = .113]. Robust fit indices were similarly below conventional thresholds (robust CFI = .876, robust TLI = .599, robust RMSEA = .170, 90% CI [.167, .173]). As poor fit was observed across all four subgroups, findings from this model should be interpreted with caution.
Results from the cross-lagged and autoregressive paths are summarized in Supplementary Table 1. Among younger females, poorer audiometric hearing at baseline was associated with a small increase in loneliness at follow-up (β = .023, SE = .018, z = 2.00, p = .045; Path c). This effect was not observed in younger males (β = .008, p = .502), older males (β = −.004, p = .770), or older females (β = .018, p = .268). In the opposite direction, loneliness did not significantly predict subsequent changes in audiometric hearing in any subgroup (β = −.004 to .009, all p ≥ .152; Path d). Thus, evidence for bidirectionality between loneliness and audiometric hearing was weak and limited to a single subgroup, with no consistent pattern across age or sex groups.
Autoregressive paths for audiometric hearing (Path a) and loneliness (Path b) were consistently strong across all subgroups. Stability of audiometric hearing from baseline to follow-up was very high (β = .895 to .931, all p < .001), indicating substantial temporal stability of hearing thresholds. Loneliness also showed moderate stability across time (β = .390 to .442, all p < .001), consistent with prior longitudinal research.
At baseline, residual correlations between audiometric hearing and loneliness were small and statistically significant in younger adults (Younger0 r = .039, p = .001; Younger1 r = .061, p < .001), but not significant among older males or females (Older0 r = .012, p = .396; Older1 r = .011, p = .456). At follow-up, residual covariances between hearing and loneliness were small and generally non-significant across groups, indicating limited concurrent association once stability and covariates were accounted for.


Supplemental Table S1. Better Ear Average Cross-lagged path model results 
	Path
	45-64 M
	45-64 F
	65+ M
	65+ F

	
	β [95%CI]
	p
	β [95%CI]
	P
	β [95%CI]
	p
	β [95%CI]
	p

	a 
Prior hearing next hearing 
	0.931
[0.92- 0.94]
	<0.001

	0.925
[0.92-0.94]
	<0.001

	0.910
[0.90- 0.92]
	<0.001

	0.905
[0.89-0.92]
	<0.001


	b 
Prior Loneliness  next loneliness                                                        
	0.394
[0.37-0.42]
	<0.001

	0.381
[0.36-0.40]
	<0.001

	0.456
[0.43-0.48]
	<0.001

	0.408
[0.38-0.44]
	<0.001


	c 
Prior hearing  next loneliness
 
	0.009
[-0.02 – 0.04]
	0.502
	0.036
[0.00-0.07]
	0.05
	0.002
[-0.03-0.02]
	0.770
	0.021
[-0.02-0.06]
	0.268

	d 
Prior loneliness  next hearing 
 
	-0.004
[-0.01 – 0.005]
	0.365
	0.002
[0.00-0.01]
	0.486
	0.002
[-0.01-0.01]
	0.316
	0.008
[0.00 -0.02]
	0.152


Note. Estimates are standardized coefficients from models with poor overall fit and should be interpreted cautiously.
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