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Directed acyclic graphs (DAGs) have emerged as a foundational framework for causal infer-
ence in medical and epidemiological research, offering a transparent and systematic approach
to visualizing causal assumptions and informing analytic choices. By mapping hypothesized
relationships among exposure, outcome, and other covariates, DAGs help researchers identify
confounding, mediation, and collider structures, determine appropriate adjustment sets, and
avoid bias from inappropriate variable control. In digestive cancer research, DAGs have been
especially useful for clarifying complex causal pathways, improving the validity of observational
analyses, and informing advanced study designs such as mediation analysis and Mendelian ran-
domization. This paper outlines the conceptual foundations of DAGs, including d-separation,
the backdoor criterion, and M-bias, and demonstrates their practical application through the
web-based tool DAGitty. We also describe how published digestive cancer studies have incor-
porated DAG-based frameworks to strengthen study design, ensure appropriate variable adjust-
ment, and improve the transparency and reproducibility of causal interpretation. Collectively,
these approaches show that DAGs are not merely graphical aids but essential methodological
tools for causal reasoning in contemporary biomedical research.
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Fig. 1. Fundamental types of causal pathways in directed acyclic graphs: (A) a direct causal path only, (B) a combination of direct and
mediated causal paths, (C) a combination of direct and confounded causal paths, and (D) a collider structure.
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Fig. 2. Basic causal structures in directed acyclic graph: (A) chain, (B) fork, and (C) collider.
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Fig. 3. Tllustrative examples demonstrating the d-separation rules
in directed acyclic graphs: (A) Rule 1 (blocking), Rule 2 (open-
ing), and Rule 3 (re-closing) in the X—Y path; (B) Rule 2 applied
to a collider L and its descendants.
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Fig. 4. An Illustrative example demonstrating the backdoor crite-
rion in a directed acyclic graph.
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between obesity and colorectal cancer.
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Mendelian randomization analysis.
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Fig. 8. Directed acyclic graphs (DAGs) based on published studies, illustrating various applications of causal inference methods: (A)
DAG representing the hypothesized causal structure between facility volume and overall survival, conceptually informed by the frame-
work of Elshami et al. (HPB [Oxford] 2022;24:1878-1887) [13]. (B) DAG representing the hypothesized causal structure between post-
diagnosis body mass index (BMI) and outcomes, conceptually informed by Kroenke et al. (JAMA Oncol 2016;2:1137-1145) [14]. (C)
DAG representing the hypothesized causal structure between postoperative complications and outcomes, conceptually informed by
Henry et al. (BJS Open 2023;7:zrac174) [15]. (D) DAG representing the hypothesized causal structure between early-life body size and
colorectal cancer, conceptually informed by Papadimitriou et al. (BMC Med 2023;21:5) [16].
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