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    Abstract
ABSTRACT
Reproducibility is one of the key defining features of science and plays a central role in knowledge accumulation. In the field of resting-state functional magnetic resonance imaging (R-fMRI), concerns regarding the reproducibility of findings have been raised. In response, we comprehensively assessed the reproducibility of widely used R-fMRI metrics and systematically investigated the impact of different strategies correcting for multiple comparisons and for small sample sizes. We found that multiple comparison correction strategies with liberal thresholds yield higher reproducibility but can dramatically increase the family wise error rate (FWER) to unacceptable levels. We noted permutation test with Threshold-Free Cluster Enhancement (TFCE), a strict multiple comparison correction strategy, reached the best balance between FWER (under 5%) and reproducibility (e.g., 0.68 for within-subject reproducibility of amplitude of low-frequency fluctuations). Although the sex differences in R-fMRI metrics can be moderately reproduced from a scan to another scan within subjects, they are poorly reproduced in another different dataset (between-subject reproducibility < 0.3). Among the brain regions showing the most reproducible sex differences, posterior cingulate cortex demonstrated consistent lower spontaneous activity in males than in females. Defining the most reproducible brain regions in two large sample datasets as “gold standard”, we found that small sample size not only minimized power (sensitivity < 5%), but also decreased the likelihood that significant results reflect true effects. For the liberal multiple comparison correction, results were unlikely to reflect true effects (positive predictive value = 10%). Fortunately, voxels determined to be significant using permutation test with TFCE have a 71% probability of reflecting true effects. Our findings have implications for how to select multiple comparison correction strategies and highlight the need for sufficiently large sample sizes in future R-fMRI studies.
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