A 6-Year Follow-Up Study of a Wearable Device-Based Exercise Program Combined with an Information Platform on Metabolism and Arterial Function in Type 2 Diabetes

Objective: To investigate the long-term effects of a 24-week wearable device-based exercise program combined with an information platform on metabolic control and arterial function in type 2 diabetes (T2DM).

Methods: In this randomized controlled trial, 90 T2DM patients were randomly assigned to an intervention group (n=45) receiving a personalized exercise program monitored by wearable devices (heart rate armband and muscle oxygen sensor) connected to an information platform, or a control group (n=45) receiving standard exercise education. All participants underwent a 24-week intervention and were followed for 6 years. Glucose and lipid metabolism, arterial stiffness (brachial-ankle pulse wave velocity [baPWV], ankle-brachial index [ABI]), and visceral fat area (VFA) were assessed at baseline and 6 years. Missing data were handled by multiple imputation. Between-group differences in changes from baseline were analyzed using independent t-test or Wilcoxon rank-sum test; within-group changes were evaluated using paired t-test or Wilcoxon signed-rank test. All P-values were Bonferroni-corrected.

Results: Baseline characteristics were comparable between groups. At 6 years, 41 intervention patients (8.9% dropout) and all 45 controls completed follow-up. Within-group, the intervention group showed significant reductions in HbA1c (8.88±2.18% vs. 7.50±1.73%, P=0.003) and uric acid (318.3±61.9 vs. 265.4±79.4 μmol/L, P=0.007), with stable baPWV (left: 1444.6±280.7 vs. 1533.2±243.2 cm/s, P=0.584; right: 1436.9±292.6 vs. 1535.7±248.4 cm/s, P=0.273). The control group exhibited significant increases in baPWV (left: 1527.4±237.4 vs. 1851.8±387.7 cm/s; right: 1514.5±246.1 vs. 1827.5±361.7 cm/s) and VFA (97.8±44.1 vs. 115.9±41.3 cm²) (all P<0.001). Between-group comparisons favored the intervention for baPWV (left: +78 vs. +324 cm/s, P=0.004; right: +99 vs. +322 cm/s, P=0.002) and VFA (–4.0 vs. +18.1 cm², P<0.001). No significant differences were observed in lipid parameters (all P>0.05).

Conclusion: A 24-week wearable device-based exercise program combined with an information platform provides sustained benefits for up to 6 years in T2DM, preserving arterial elasticity and attenuating visceral fat accumulation.
