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Abstract

 Background: Non-headache literature inevitably influences headache research, but the way this interdisciplinary interaction
occurs has seldom been evaluated. Objective: Utilizing network analysis techniques within the PubMed Central (PMC)
database, we illustrate a novel method by which to identify and characterize the important non-headache literature with
significant impact within the headache world. Methods: Using the National Center for Biotechnology Information E-utilities
application programing interface and custom backend software, all PMC articles containing the words “headache(s)” and/or
“migraine(s)” in the title were identified. This generated a list of “seed articles” to represent the body of primary headache
literature. Articles referenced by the seeds were then found, generating the list of articles with one degree of separation from
the seeds (first-degree neighbors). This was iterated twice more to find the second- and third-degree neighbors. A directed
network graph was generated for each level of separation using these articles and their referential connections. The
hyperlink-induced topic search (HITS) and PageRank algorithms were used on these graphs to find the top 50 articles in the
network (hub and authority rank via HITS, general rank via PageRank). Removing seed articles from the ranked lists left the
influential non-headache articles at each level of separation. Results: We extracted 6890 seed articles. The first-, second-,
and third-degree models contained 16,451, 105,496, and 431,748 articles, respectively. As expected, most first-degree
neighbors were part of the seed group (headache literature). Using HITS, at the second degree, only two seed articles were
found in the top 50 hubs (none in the authorities); the majority of non-seed articles were basic neuroscience, involving ion
channel function or cell signaling. At the third degree, there were no seeds and all articles involved imaging/structure of
brain connectivity networks. PageRank gave more varied results, with 35/50 second-degree articles being seeds, and the
remainder a mixture of articles describing rating scales (3), epidemiology/disease burden (3), basic statistical/trial methods
(3), and mixed basic science (6). At the third degree, five were seeds; non-seed articles were represented heavily by
genomic mapping studies, brain connectivity networks, and ion channel/neurotransmitter studies. Conclusion: This work
demonstrates the value of network citation analysis in the identification of interdisciplinary influences on headache medicine.
Articles found with this technique via HITS identified and grouped basic science applicable to headache medicine at the
molecular scale (ion channels/transmitters), and whole-brain scale (connectivity networks). Both groups have direct clinical
correlates, with the former implicating pharmacological targets, and the latter implicating functional neuroanatomy and
pathophysiology of various headache disorders. Likely, in-depth analysis of the whole network (rather than the top 50) would
reveal further clusters where the relationship to headache may not be as immediately obvious. This may not only help to
guide ongoing work, but also identify new targets where seemingly unrelated work may have future applications in
headache management. © 2020 American Headache Society
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