Developmental Origins of Colon/Intestine Length Variation: An Integrative Model
	Determinant
	Evidence Level
	Key Findings
	References (PMID)

	Genetic (polygenic)
	Strong (animal); indirect (human)
	Heritability 0.25–0.26 in pigs (QTL on chromosomes 2, 9, 16; candidate genes SOX6, APOA4, CDH10); PRM/Alf mouse model demonstrates polygenic control with maternal effect; fetal ethnic differences in sigmoid morphology present in utero
	40544337, 14559976, 26112767

	Embryological signaling (Wnt, BMP, Hedgehog)
	Strong (animal)
	Dorsal-ventral Wnt3a/β-catenin gradient controls hindgut extension and colon formation; mechanical tension required for embryonic gut elongation (up to 200% length increase); Wnt, BMP, Notch, and Hedgehog pathways govern large intestine embryogenesis
	32156757, 29662083, 32319546

	Maternal/epigenetic effects
	Moderate (animal)
	Dam genotype synergizes with offspring genotype to confer longest intestine in PRM/Alf mice; intestinal length acquired primarily during postnatal period before weaning; cross-fostering confirms independent maternal and offspring genetic contributions
	14559976

	Microbiome
	Moderate (animal)
	Colonization with simplified human microbiota paradoxically shortens intestine (16.4% in PRM/Alf mice); antibiotic-induced bacterial depletion lengthens small intestine with slower transit; microbiota modulates ENS development via SCFAs and TLR/IL-1R signaling
	24637599, 34702353, 25691701

	Dietary fiber (cellulose)
	Strong (animal); absent (human)
	Cellulose feeding increases colon length and induces circular smooth muscle hypertrophy in rats; early-life cellulose supplementation produces trophic colonic changes and microbiome shifts with transient colitis protection in mice; no human longitudinal data
	8992606, 7729285, 23437211

	Connective tissue integrity
	Indirect (human)
	EDS/Marfan associated with 3.5-fold higher sigmoid diverticulosis prevalence; diverticulosis associated with multiple connective tissue phenotypes (OR 2.4 for heritable syndromes); GI symptoms in up to 90.5% of hEDS patients; no direct colon length data in CTDs
	32998474, 30719942, 36756177

	Sex and body habitus
	Strong (human)
	Women have longer colons than men (193.3 vs. 185.4 cm, p = 0.002); lower BMI associated with longer colons (194.5 vs. 187.2 cm, p = 0.005); transverse colon accounts for most variation; body weight strongest correlate of total intestinal length
	19670134, 12497219

	Hormonal influences
	Moderate (animal/human)
	Colon expresses estrogen and androgen receptors; ERβ activation attenuates colonic epithelial proliferation; sex-specific colonic transcriptome responses to high-fat diet demonstrated in mice
	37516405, 32999402

	Ethnic/population variation
	Strong (human)
	African populations: longer sigmoid (60.9 vs. 41–44 cm), narrower mesocolic root, 90% sigmoid redundancy; elongated sigmoid present in 68% of Black African fetuses vs. 17% non-African (p  0.0001); Ethiopian volvulus patients: sigmoid length double that of controls
	18385923, 21480385, 26112767, 34851992


Supplementary Table 1. The table above synthesizes evidence across nine determinant categories. The PMID numbers correspond to the primary sources, including the PRM/Alf mouse genetic model, pig GWAS for intestinal length QTL, Wnt/β-catenin hindgut signaling, mechanical tension in embryonic gut elongation, germ-free mouse microbiome studies, cellulose trophic effects, connective tissue disorder associations, sex and BMI determinants of colon length, hormonal influences, and cross-cultural anatomical studies from South Africa and Ethiopia.
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The list above includes all 22 unique references cited across the nine rows of the integrative model table. The initial numbering (1–19) follows the order of first appearance across the table rows, with three additional references from the ethnic/population variation row listed separately at the end, as the table cited a total of 22 distinct PMIDs rather than 19. This discrepancy arises because the ethnic/population variation row cited four PMIDs (18385923, 21480385, 26112767, 34851992), three of which were unique to that row.
