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[Abstract] Objective To examine the independent and joint associations of physical activity (PA) and minimally processed
food (MPF) intake with mortality risk among patients with metabolic dysfunction-associated steatotic liver disease (MASLD)..
Methods Data were obtained from the National Health and Nutrition Examination Survey (NHANES) 2007-2018. A total of 1825
participants with MASLD were included. PA was quantified as metabolic equivalent minutes per week (MET-min/week) using the
Global Physical Activity Questionnaire (GPAQ). MPF intake was estimated from 24-hour dietary recall data according to the NOVA
food processing classification system. Cox proportional hazards models were used to evaluate the associations of PA and MPF intake
with all-cause, cardiovascular, and non-cardiovascular mortality. Joint association analyses and restricted cubic spline (RCS) models
were further performed to assess dose-response relationships. Sensitivity analyses were conducted using alternative MASLD
definitions [fatty liver index (FLI) >30, United States fatty liver index (US-FLI) >60, and US-FLI >30] and by excluding participants
who died within the first 24 months of follow-up. Results Among 1,825 patients with MASLD followed for a median of 87 months,
149 deaths were recorded, including 45 cardiovascular deaths and 104 non-cardiovascular deaths. In the fully adjusted model, high PA
(>1500 MET-min/week) was associated with a borderline increased risk of all-cause mortality (HR=1.14, 95%CI 1.00-1.29), whereas
higher MPF intake was associated with lower risks of all-cause mortality (HR=0.73, 95%CI 0.65-0.81), cardiovascular mortality (HR=
0.73, 95%CI 0.65-0.82), and non-cardiovascular mortality (HR=0.73, 95%CI 0.65-0.82). Joint analysis showed that the combination
of high MPF intake and low PA was associated with the lowest mortality risk (all-cause mortality: HR=0.75, 95%CI 0.63-0.88;
cardiovascular mortality: HR=0.76, 95%CI 0.64-0.90; non-cardiovascular mortality: HR=0.76, 95%CI 0.64-0.91). Restricted cubic
spline analysis revealed significant nonlinear associations between PA and the risks of all-cause, cardiovascular, and non-
cardiovascular mortality (all P_non-linearity<0.001). Although MPF intake showed an overall inverse association with mortality risk
that appeared approximately linear, tests for nonlinearity indicated that the association was not strictly linear (all P_non-linearity<
0.05). Sensitivity analyses confirmed the robustness of these findings. Conclusion In patients with MASLD, high PA did not show a
consistently protective association with mortality, whereas higher MPF intake was generally associated with lower mortality risk. Joint
analysis suggested that dietary optimization may provide additional benefits beyond simply increasing PA. The combination of
moderate PA and higher MPF intake may represent a more favorable lifestyle pattern for individuals with MASLD and may have
implications for individualized management and public health strategies.
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Tab.2 Associations of PA and MPF intake with mortality risk in patients with MASLD
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