Sex-specific associations between blood copper and motor progression in Parkinson’s disease
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Introduction. Parkinson’s disease (PD) is a progressive neurodegenerative disorder influenced by genetic and environmental factors and characterized by heterogeneous motor progression with sex differences. Copper homeostasis is essential for neuronal function and is regulated by sex and genetic variation. However, the role of copper in sex-specific motor progression remains unclear.

Aims. To evaluate the association between systemic copper status and motor progression in PD, assess sex-specific effects, and explore potential causal relationships.

Methods. Sixty patients with PD were recruited at National Cheng Kung University Hospital. Baseline serum copper was measured, and motor impairment was assessed using the Movement Disorder Society–Unified Parkinson’s Disease Rating Scale part III (MDS-UPDRS III). Motor progression was estimated from MDS-UPDRS III residuals adjusted for PD duration. Multivariable regression analyses were adjusted for sex and PD duration, followed by sex-stratified analyses. Two-sample Mendelian randomization (MR) was performed to evaluate the causal effect of genetically proxied blood copper on motor progression.

Results. The mean serum copper level was 117.6±18.6 µg/dL (mean±SD) and was higher in females than in males (P=0.003). Serum copper was positively associated with PD duration (P=0.028). After adjustment for sex and PD duration, higher copper levels were negatively associated with Hoehn and Yahr (HY) stage (OR=0.97, P=0.041) and MDS-UPDRS III (β=−0.28, P=0.018). Significant associations were observed only in females, who showed lower HY stage (OR=0.94, P=0.020), lower MDS-UPDRS III (β=−0.62, P=0.003), and slower motor progression (β=−0.54, P=0.005). MR consistently supported a negative causal association between blood copper and motor progression, with the inverse-variance weighted method showing a significant negative effect (β=−0.645, P=0.004).

Discussion. Higher serum copper levels were associated with slower motor progression in PD, particularly in females, with genetic evidence supporting a negative causal relationship. Systemic copper status may serve as a biomarker of disease resilience and a potential target for sex-specific therapeutic strategies.
