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ABSTRACT: 

 

Background: Consensus guidelines in type 2 diabetes (T2DM) emphasise sleep duration, quality and timing as 

key beahvioural determinants of metabolic health. However, their relationship with adiposity are likely non-

linear and remain incompletely characterized. Therefore, we applied Bayesian penalised spline modelling to 

quantify these complex associations across the 24 hour rest-activity cycle, enabling flexible estimation of 

exposure–response functions with direct probabilistic interpretation through posterior median differences, 95% 

credible intervals (CrIs), and posterior probabilities. 

Materials and methods: Participants from the Chronotype of Patients with Diabetes and Effect on Glycaemic 

Control (CODEC) study with valid accelerometer and covariate data were included. 24-hour accelerometer-

derived metrics were aligned to three constructs: duration (sleep duration), quality (sleep efficiency) and timing 

(sleep onset and midpoint), alongside indices of rhythm regularity and robustness including sleep regularity 

index (SRI; consistency of sleep timing across nights), interdaily stability (IS; day-to-day consistency of daily 

activity patterns, higher values = a more regular 24-hour routine), and relative amplitude (RA; strength of the 

day-night rhythm, higher values = clearer distinction between daytime activity and night-time rest). Models 

were adjusted for age, sex, T2DM duration, diabetes medication use, moderate-to-vigorous physical activity, 

with additional adjustment for sleep duration where appropriate. Posterior contrasts were estimated from fitted 

spline functions. 

Results: A total of 852 participants (mean age 64.0 ± 8.5 years; mean BMI 30.9 ± 5.1 kg/m²) were included. 

Higher rhythm regularity and rhythm strength, extending the constructs of sleep quality and timing stability, 

were most strongly associated with BMI. Comparing the 75th versus 25th percentile, higher SRI was associated 

with a posterior median BMI difference of −1.06 kg/m² (95% CrI −1.59 to −0.54), higher IS with −1.32 kg/m² 

(95% CrI −1.89 to −0.82), and higher RA with −1.94 kg/m² (95% CrI −2.52 to −1.35). Timing metrics 

showed weaker associations in contrast, although nonlinear trends suggested higher BMI at later sleep timing. 

Duration and efficiency showed comparatively modest associations after adjustment. 

Conclusion: In adults with T2DM, adiposity was more consistently associated sleep quality and timing quality 

across the 24-hour cycle than with duration alone. These findings suggest that approaches extending beyond 

duration, targeting consistent and appropriately timed sleep-wake patterns, may be important for obesity 

management. Bayesian spline modelling provides flexible, clinically interpretable estimates of nonlinear 

relationships, alongside explicit quantification of uncertainty. 
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