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Effects of higher protein intake from different dietary sources on sleep quality and gut microbiota in older adults in Singapore: a randomized controlled trial
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Abstract
Objectives: Aging often impairs sleep quality [1]. While healthy dietary patterns (HDP) and higher protein intake may support sleep, the impact of protein sources remain unclear [2, 3]. Gut microbiota may also regulate sleep-wake cycles [4]. However, how protein modulates the microbial community alongside sleep in older adults is not established. This study aimed to assess the impact of higher protein intake with different sources when following a HDP on sleep quality and gut microbiota in older adults in Singapore.
Methods: This 16-week single-blind, parallel randomized controlled trial involved 55 older adults (66 ± 4 y) and participants were randomized into control (HDP, n = 19), casein (HDP + 20 g casein isolate, n = 18), or soy (HDP + 20 g soy isolate, n = 18) groups. Sleep parameters were assessed every 8 weeks using the Pittsburgh Sleep Quality Index, from which the Global Sleep Score (GSS) was derived. Participants were classified as good (GSS ≤ 5) or poor (GSS > 5) sleepers. Blood and fecal samples were collected for short chain fatty acids (SCFAs) and gut microbiota analysis. Data were analyzed using mixed ANOVA and Bonferroni-adjusted post hoc tests. 
Results: Overall, significant time effects occurred in GSS (p < 0.01) and α-diversity (p < 0.05), but no changes in other sleep parameters, gut microbiota and fecal or serum short-chain fatty acids levels. Among poor sleepers, significant time effects were detected for GSS (p < 0.01) and sleep efficiency (SE, p < 0.05) and these effects were particularly exhibited in the soy group by significantly improving GSS at week 8 (7.78 ± 1.93 vs. 5.33 ± 1.63, p < 0.01) and week 16 (7.78 ± 1.93 vs. 6.11 ± 1.59, p < 0.05) and increasing SE at week 8 (76.83 ± 5.86% vs. 87.04 ± 7.86%, p < 0.05) compared to week 0. Regarding the gut microbiota, the soy group also significantly increased differential abundance of the genus Bifidobacterium and Faecalibacterium in poor sleepers at weeks 8 and 16 (p < 0.05) compared to week 0. However, no changes were noted for good sleepers. 
Conclusions: When adhering to HDP, higher protein intake particularly from soy protein supplementation can improve sleep quality in poor sleepers, with concurrent increases in certain beneficial gut bacteria. 
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