Supplementary analyses
 Full regression model predicting T3 loneliness
A multiple linear regression was conducted to examine the association between sleep profile membership and loneliness at T3, adjusting simultaneously for T2 loneliness, sex, age, ethnicity, and IMD score. Each coefficient represents the association between a given predictor and T3 loneliness while accounting for all other variables included in the model. The analysis included 456 children with complete data on T2 and T3 loneliness and all demographic covariates. The overall model was statistically significant, F(10, 445) = 12.27, p < .001, explaining 21.6% of the variance in T3 loneliness (R² = .216; adjusted R² = .199). Full regression estimates are presented in Table S1. 
S1. Multiple linear regression predicting loneliness at T3
	Predictor
	B
	SE
	t
	95%CI
	P value

	Moderate  sleep problems profile

	0.443
	0.15
	2.95
	[0.148, 0.738]
	.003

	High sleep problems profile

	1.060
	0.23
	4.55
	[0.605, 1.520]
	<.001

	T2 loneliness
	0.303
	0.047
	6.45
	[0.210, 0.395]
	<.001

	Female 
	0.198
	0.130
	1.53
	[−0.057, 0.454]
	.13

	Age
	-0.05
	0.093
	-0.53
	[−0.234, 0.134]
	.59

	ethnicity_category Black/African/C…
	-0.017
	0.23
	-0.07
	[−0.478, 0.445]
	.94

	ethnicity_category Mixed/Multiple
	-0.13
	0.25
	-0.53
	[−0.635, 0.365]
	.59

	ethnicity_category Other
	0.51
	0.29
	1.73
	[−0.0678, 1.090]
	.08

	ethnicity_category White
	-0.16
	0.17
	-0.91
	[−0.506, 0.185]
	.36

	imd_score_2025
	0.007
	0.007
	0.99
	[−0.00759, 0.0231]
	.32


Note. B = unstandardised regression coefficient; SE = standard error; t = t-statistic; CI = confidence interval; IMD = Index of Multiple Deprivation. The low sleep problems profile was the reference category for sleep profile membership, male was the reference category for sex, and Asian/Asian British was the reference category for ethnicity

Sensitivity analyses: Complete-case analysis
Latent profile analysis
Models specifying one to four latent profiles were estimated and compared. Model fit generally improved as the number of profiles increased, as indicated by the AIC, BIC, and SABIC. Although the four profile solution demonstrated marginally lower AIC and SABIC values, the three profile solution yielded the lowest BIC and provided a more parsimonious and clinically interpretable representation of sleep problems. Consequently, the three profile solution was retained.
The final three profile solution included 472 children with complete sleep data. The profiles comprised 154 children (32.6%) with low sleep problems, 209 children (44.3%) with moderate sleep problems, and 109 children (23.1%) with high sleep problems. Children in the low sleep problems profile reported consistently low sleep problem scores across both assessment points (T2: M = 29.70, SD = 2.88; T3: M = 29.10, SD = 3.75). Children in the moderate sleep problems profile demonstrated intermediate sleep problem scores (T2: M = 37.60, SD = 3.02; T3: M = 35.40, SD = 4.59). Children in the high sleep problems profile exhibited persistently elevated sleep problems across both assessments (T2: M = 46.80, SD = 3.32; T3: M = 42.60, SD = 6.78). Mean sleep problem scores decreased slightly between Time 2 and Time 3 across all three profiles; however, the relative ordering of the profiles remained stable .
Demographic predictors of sleep profile membership
A multinomial logistic regression was conducted to examine whether demographic characteristics predicted latent sleep profile membership, with the low sleep problems profile as the reference category. Older age was associated with lower odds of membership in both the moderate sleep problems profile (OR = 0.70, 95% CI [0.51, 0.96], p = .026) and the high sleep problems profile (OR = 0.50, 95% CI [0.34, 0.74], p < .001), relative to the low profile. Sex significantly predicted membership in the high sleep problems profile, with girls having approximately twice the odds of belonging to the high rather than low sleep problems profile (OR = 2.02, 95% CI [1.20, 3.42], p = .009). The association between sex and membership in the moderate sleep problems profile was not statistically significant (OR = 1.54, 95% CI [0.99, 2.39], p = .056). Ethnicity and IMD were not significant predictors of latent profile membership (all ps > .05).
Loneliness across latent sleep profiles
The analysis included 447 children with complete data on sleep profile membership, loneliness, and all covariates. The overall model was statistically significant, F(10, 436) = 10.84, p < .001, explaining 19.9% of the variance in T3 loneliness (R² = .199, adjusted R² = .181).
Sleep profile was significantly associated with loneliness at T3 after adjustment for baseline loneliness and demographic covariates, F(2, 436) = 7.60, p < .001. 
The adjusted estimated marginal mean for loneliness at T3 was 4.03 (SE = 0.14) for the low sleep problems profile, 4.63 (SE = 0.12) for the moderate profile, and 4.62 (SE = 0.16) for the high profile. Bonferroni-adjusted pairwise comparisons showed that children in the low sleep problems profile reported significantly lower loneliness than children in both the moderate (p < .001) and high (p = .010) sleep problems profiles. The moderate and high sleep problems profiles did not differ significantly from one another (p > .9).
Compared with children in the low sleep problems profile, children in the moderate sleep problems profile reported significantly higher loneliness (B = 0.60, SE = 0.16, p < .001), as did children in the high sleep problems profile (B = 0.59, SE = 0.20, p = .003). Baseline loneliness at T2 remained a significant predictor of T3 loneliness (B = 0.30, SE = 0.05, p < .001), whereas sex, age, ethnicity, and IMD score were not significantly associated with loneliness.
Overall, the complete-case analysis was consistent with the primary FIML analysis. Children in the moderate and high sleep problems profiles reported greater loneliness at T3 than children in the low sleep problems profile after adjustment for baseline loneliness and demographic characteristics. Unlike the FIML analysis, however, loneliness did not differ significantly between the moderate and high sleep problems profiles.

Figure S1. Adjusted estimated marginal means of loneliness at T3 across the latent sleep problem profiles (complete-case analysis)
[image: ]
Note. Sleep profiles were derived from latent profile analysis of sleep problem scores at T2 and T3 using complete cases only. Estimated marginal means of T3 loneliness were adjusted for baseline loneliness (T2), sex, age, ethnicity, and Index of Multiple Deprivation (IMD). Error bars represent 95% confidence intervals.
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