Supplemental Text 2: Additional Metabolomics Results
As OPMD is heterogeneous in its presentation, several subset analyses were performed. First, PCA analysis was conducted to determine if a unique metabolite signature could distinguish participants with low disease severity (scores of one and two; n = seven) from controls (n = nine). No group-level differences were identified (F=1.311, R² = 0.086, and P = 0.324 based on 999 permutations) (Fig. S3B). OPLS-DA revealed a modest visual separation between the groups (R²Y=0.478), and poor predictive performance (Q²=0.002) (Fig. S3C, horizontal distribution), which may be due to small sample size. We extended our analysis to univariate statistical testing, which uncovered creatinine as the only metabolite detected at higher levels in participants with less severe presentation of OPMD versus controls, whereas anthranilic acid, cytosine and quinic acid were all less abundant in this subset of the OPMD population in comparison to controls (Table S4).
Next, we compared the metabolome of OPMD participants with a low severity score of one and two (n = seven) to those with a higher severity score of three and four (n=18). No statistically significant group-level differences were identified for PCA (F = 0.814, R² = 0.034, and P = 0.481 based on 999 permutations) (Fig. S3D). OPLS-DA revealed a modest visual separation between the groups (Fig. S3E, horizontal distribution), supported by a moderately explanatory power (R²Y = 0.432), which may be due to chance, as it is not statistically significant (P = 0.317). Furthermore, OPLS-DA had poor predictive ability (Q² =-0.150) (Fig. S3E). Permutation testing was then performed (n=1000), yielding a statistically significant empirical P-value for Q² (P = 0.032). To explore whether any differences in individual metabolites existed as a product of disease severity, univariate analysis was performed comparing OPMD patients with a low severity score to those with a high severity score (Table S3). This analysis revealed six metabolites, all of which were more abundant in participants with a high severity score. These metabolites included quinic acid, N-carbamyl-glutamic acid, cytosine, nicotine, dihydroxyphenyl acetic acid, and octanoyl carnitine.
We also compared the metabolome of OPMD patients with a high severity score of three or four (n=18) vs controls (n=9). A potential trend toward group-level differences that did not reach statistical significance was found by PCA (F = 2.6036, R² = 0.09432, P = 0.064 based on 999 permutations) (Fig. S3F). OPLS-DA revealed a clear visual separation between the high severity OPMD group and CON (Fig. S3G, horizontal distribution). The resultant model suggests that groups can be distinguished to some extent, with weak generalizability (Q² = 0.126, R²Y = 0.391). Permutation testing (n=1000) yielded a statistically significant empirical P-value for Q² (P = 0.052) but not for R²Y (P = 0.901). Further univariate analysis uncovered 44 metabolites that differ in OPMD with high severity versus control (Table S4). Of these, 40 metabolites were found to be in common with the primary analysis (OPMD vs controls), suggesting these metabolite changes may be driven by OPMD patients with a higher severity score. The four additional metabolites were tetradecanoyl carnitine, hexadecanoyl carnitine, uracil, and pipecolic acid (Table S4).
Metabolites exhibiting at least one significant correlation with a clinical or imaging indicator, regardless of difference between OPMD and controls, are shown in context of all clinical and imaging measures (Fig. S5). Twenty-one metabolites had greater than three correlations with clinical and imaging measures. Of these, the most interesting metabolite was quinic acid, which exhibited moderate negative correlations with SF36 physical functioning score and sit-to-stand count, as well as moderate positive correlations with age, years with limb weakness, clinical severity score, and soleus FF. Further investigation using scatter plots of age vs quinic acid levels revealed comparable relationships in controls and in OPMD. Previous work has found urinary quinic acid content to be markedly lower in younger individuals than middle aged individuals (Wang et al. 2021). Therefore, the identified differences in quinic acid may be caused by general aging rather than OPMD-specific processes. While other significant correlations were identified between metabolites and clinical measures, these were few in number and did not prompt more detailed investigations.
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