Epigenetic Aging in Pediatric Crohn's Disease: A Longitudinal Analysis of DNA Methylation-Based Aging Clocks
Overview
This study reanalyses a public methylation dataset from paediatric Crohn's disease patients using an independent, open-source software pipeline, and extends it with a previously unexamined follow-up timepoint. It finds that elevated epigenetic age acceleration at diagnosis is no longer detectable 24-36 months later, raising the possibility that this signal tracks active disease rather than marking a fixed trait.
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Abstract
A recent independent study reported that patients with inflammatory bowel disease, including children with Crohn's disease, show elevated epigenetic age acceleration relative to healthy controls across several DNA methylation-based "clocks," after adjusting for blood cell-type composition and sex. It is unclear whether this finding depends on the specific software used to compute clock values, and whether the association persists over time within the same patients rather than reflecting disease activity at a single timepoint. Using the publicly available GSE112611 dataset (164 paediatric Crohn's disease patients at diagnosis, 74 non-inflammatory-bowel-disease controls, plus paired follow-up samples collected 24-36 months later), I recomputed four epigenetic clocks (Horvath, Hannum, PhenoAge, GrimAge version 2) with an independently implemented, open-source pipeline and the same adjustment strategy. PhenoAge and GrimAge version 2 age acceleration were significantly elevated in patients at diagnosis after adjustment (+6.05 years, 95% CI 3.76-8.35, p<0.00001; +5.77 years, 95% CI 4.41-7.12, p<0.00001), consistent with the original report and stable when chronological age was added as a sensitivity covariate. In the previously unanalysed follow-up samples, age acceleration decreased significantly within the same patients for Hannum, PhenoAge, and GrimAge version 2 (all p<0.00001), and the adjusted association with controls was no longer detectable at follow-up for any clock (all p>0.10). These results replicate the cross-sectional association under a different pipeline and show that age-acceleration measures decreased within this cohort over 24-36 months; regression to the mean is an alternative explanation for that decrease I cannot rule out with this design.
 
Introduction
Crohn's disease in children can leave a biological mark that outlasts any single flare, and DNA methylation may be one place that mark shows up. Epigenetic clocks, which estimate a person's biological age from DNA methylation patterns, have been applied across a wide range of chronic diseases to test whether that biological age runs ahead of chronological age. GSE112611, the RISK paediatric Crohn's disease dataset (164 patients at diagnosis, 74 non-IBD controls), was originally profiled by Somineni and colleagues[footnoteRef:1] to characterise its methylation signatures. A recent study by Doherty and colleagues[footnoteRef:2] reanalysed this and other cohorts and reported that GrimAge, GrimAge2, and DunedinPACE were significantly elevated in inflammatory bowel disease (IBD) patients relative to controls, across a discovery cohort and two independent replication cohorts drawn from the Gene Expression Omnibus (GEO), one of which was GSE112611. Their analysis adjusted for six estimated blood cell-type proportions and sex, and used the Horvath Laboratory's online DNA Methylation Age Calculator. [1: Somineni, Hari K., et al. "Blood-Derived DNA Methylation Signatures of Crohn's Disease and Severity of Intestinal Inflammation." Gastroenterology 156, no. 8 (2019): 2254–2265.e3. https://doi.org/10.1053/j.gastro.2019.01.270. ]  [2: Doherty, Trevor, Edel McDermott, Sarah Jane Delany, Hugh Mulcahy, and Therese M. Murphy. "Analysis of Blood-Based DNA Methylation Signatures of Aging and Disease Progression in Inflammatory Bowel Disease." Human Genetics 144, no. 11–12 (2025): 1079–1095. https://doi.org/10.1007/s00439-025-02779-1. ] 

That analysis used only the baseline timepoint of GSE112611, which in fact includes a paired follow-up sample for most of the same patients, collected 24-36 months after diagnosis. To my knowledge, this follow-up data has not been examined with epigenetic clocks in the original report or elsewhere. To be clear about what is and is not new here: Doherty et al. have already shown that the cross-sectional association replicates across independent cohorts, and the follow-up samples already exist as part of the publicly deposited GSE112611 dataset. What I add is the application of epigenetic clocks to those specific follow-up samples, not the discovery that follow-up methylation data exists. This leaves two open questions that motivate the present study: first, whether the baseline finding reproduces under a different, independently implemented analysis pipeline, which would support that it is not an artefact of the specific software used; and second, whether the elevated age acceleration seen at diagnosis persists in the same patients at a later timepoint, or instead is lower by then.
I hypothesised that the cross-sectional association would reproduce under an independent pipeline, and that age acceleration would decrease from diagnosis to follow-up if it reflects a state tied to active disease rather than a fixed biological trait acquired early in the course of paediatric Crohn's disease.
 
Results
Cell-type composition differed substantially between Crohn's disease patients and controls at baseline, as previously reported for this cohort (n=238): neutrophil proportion was higher in patients (67.0% vs. 53.2%, p<0.0001), while natural killer, B-cell, CD4+, and CD8+ T-cell proportions were each lower (all p<0.002).
After adjusting for this composition and for sex, two of the four clocks held up: PhenoAge (+6.05 years, 95% CI 3.76-8.35, p<0.00001, q<0.00001) and GrimAge v2 (+5.77 years, 95% CI 4.41-7.12, p<0.00001, q<0.00001) age acceleration remained significantly elevated in Crohn's disease patients at diagnosis (n=164) relative to controls (n=74); bootstrap confidence intervals matched closely (PhenoAge 3.74-8.40; GrimAge v2 4.32-7.33). The age-calibration check described in Materials and Methods turned out not to matter much in practice: adding chronological age to this model moved the PhenoAge and GrimAge v2 coefficients by less than 0.02 years in either direction (6.05→6.04; 5.77→5.78, both still p<0.00001). Hannum and Horvath told a different story. Hannum's unadjusted difference (+2.14 years, p=0.00001) did not survive adjustment (p=0.873, q=0.873), and Horvath showed no effect at either stage (adjusted p=0.206, q=0.276). This split — which clocks survive cell-composition adjustment and which do not — matches the original report's use of GrimAge, GrimAge2, and DunedinPACE as its headline clocks, and supports that the association is not an artefact specific to the clock implementation used.
Using the previously unanalysed follow-up samples (n=164 matched pairs), age acceleration decreased significantly from baseline to follow-up for Hannum, PhenoAge, and GrimAge v2 (all p<0.00001, q<0.00001; Table 1, Figure 1); only Horvath, which showed no baseline effect, showed no significant change (p=0.170, q=0.276). Comparing the follow-up samples against the original control group with the same cell-composition- and sex-adjusted model used at baseline, none of the four clocks showed a significant difference (Horvath p=0.361, Hannum p=0.207, PhenoAge p=0.114, GrimAge v2 p=0.867; all q≥0.23). I report this adjusted follow-up comparison, rather than the larger unadjusted group difference, as the one relevant to whether the baseline association persists, since it uses the same adjustment strategy as the baseline test it is meant to be compared against.
Age acceleration at diagnosis did not differ significantly between patients with inflammatory (B1, n=150) and stricturing (B2, n=14) disease behaviour for any clock (all p>0.2). Given the small size of the B2 subgroup, I interpret this as inconclusive rather than as evidence against a severity relationship. This comparison was descriptive and was not included in the twelve-test correction described in Materials and Methods.
 
Discussion
Using an independently implemented pipeline on the same publicly available samples supports that the IBD-methylation-ageing association Doherty et al. described is not specific to their software implementation. This kind of independent reproduction with different code is, in my view, underreported relative to its value, and I report it here explicitly as a replication rather than folding it silently into a larger claim of novelty. A reasonable sceptic could object that reproducing a result with different code is a modest claim, not proof that the underlying biology is real. I agree, and I am not making the stronger claim: what this check rules out is that the specific software implementation, rather than the data itself, produced the original finding; it does not rule out that both implementations share some other upstream error, which only a fully independent dataset could address.
What has not, to my knowledge, been reported before is the longitudinal piece: age acceleration measured by Hannum, PhenoAge, and GrimAge v2 fell significantly in the same patients 24-36 months after diagnosis, and the adjusted cross-sectional association with controls was no longer detectable at that later timepoint. I want to be careful about what this does and does not show. I did not have paired control samples at follow-up, nor data on medication exposure or disease activity at the follow-up visit, so what I can say is descriptive: age-acceleration measures decreased within this Crohn's disease cohort over the 24-36 months between diagnosis and follow-up. I cannot say that treatment caused this decrease, or that it specifically reflects reduced inflammation, because I cannot rule out regression to the mean as an alternative explanation: patients were sampled at diagnosis in part because their disease was active, and some decrease in a disease-correlated measure at follow-up is expected on statistical grounds alone, independent of any treatment effect. I did not have a second longitudinal cohort, treated or untreated, to separate these possibilities, and this is, in my view, the central open question the finding raises rather than one it answers.
Several limitations bear on how these results should be read. The clocks used here were developed and validated in adult populations, not in children aged 4.5-16.8 years, so absolute predicted ages are not meaningful in this cohort; I report only within-cohort comparisons, which assume this miscalibration affects patients and controls similarly. I checked directly whether this adult-to-paediatric mismatch was distorting my main result: age acceleration showed only a weak correlation with chronological age (Materials and Methods), and adding chronological age to the adjusted model left the PhenoAge and GrimAge v2 case-control coefficients essentially unchanged. So this concern does not appear to explain the baseline finding, though I cannot rule out subtler forms of age-related miscalibration this particular check would not catch. The disease-severity comparison is underpowered, given only 14 patients in the stricturing subgroup, and is reported as inconclusive rather than negative. And I did not have access to medication exposure, disease duration at follow-up, or body mass index at either timepoint, each a plausible confounder or mediator of the longitudinal change I observed.
Two framing points are worth stating plainly rather than leaving implicit. First, this analysis uses the same public dataset as Doherty et al. and is explicitly presented as building on, not independently discovering, their reported cross-sectional association; the follow-up samples I analyse were already part of the publicly deposited dataset before this study, and my contribution is applying epigenetic clocks to them, not locating new data. Second, if the attenuation I observe turns out to reflect treatment response rather than regression to the mean, epigenetic age acceleration at diagnosis could eventually be worth exploring as one marker of disease activity in paediatric Crohn's disease — but that is a claim for a future, properly designed study to test, not this one. Such a study would need a follow-up control group and treatment data able to separate a real treatment effect from the statistical regression I cannot rule out here.
 
Materials and Methods
This study used de-identified, publicly available DNA methylation data deposited in NCBI GEO under accession GSE112611. Because all specimens and clinical metadata had been collected and deposited by the original investigators under their own institutional ethical approval and consent procedures, no additional ethical approval was required for this secondary, fully de-identified reanalysis.
I used the same 238 baseline samples from GSE112611 as Doherty et al. (164 Crohn's disease patients, 74 non-IBD controls), plus the 164 paired follow-up samples they did not analyse. I computed four epigenetic clocks — Horvath[footnoteRef:3], Hannum[footnoteRef:4], PhenoAge[footnoteRef:5], and GrimAge version 2[footnoteRef:6] — with the open-source Biolearn library (Python; github.com/bio-learn/biolearn) rather than the Horvath Laboratory's online calculator used in the original report, with default imputation for missing CpG sites (missing rates 0.0-11.3% across clocks). I calculated age acceleration as predicted age minus chronological age for each clock and sample. Following Doherty et al., I adjusted for six estimated blood cell-type proportions (neutrophil, natural killer cell, B cell, CD4+ T cell, CD8+ T cell, monocyte) and sex using ordinary least squares regression, and tested within-patient change from baseline to follow-up with two-sided Wilcoxon signed-rank tests on the 164 matched pairs. As a secondary, exploratory analysis, I compared age acceleration at diagnosis between patients with inflammatory (B1) and stricturing (B2) disease behaviour. Analysis scripts are available on request. [3: Horvath, Steve. "DNA Methylation Age of Human Tissues and Cell Types." Genome Biology 14 (2013): R115. https://doi.org/10.1186/gb-2013-14-10-r115. ]  [4: Hannum, Gregory, et al. "Genome-Wide Methylation Profiles Reveal Quantitative Views of Human Aging Rates." Molecular Cell 49, no. 2 (2013): 359–367. https://doi.org/10.1016/j.molcel.2012.10.016. ]  [5: Levine, Morgan E., et al. "An Epigenetic Biomarker of Aging for Lifespan and Healthspan." Aging (Albany NY) 10, no. 4 (2018): 573–591. https://doi.org/10.18632/aging.101414.  ]  [6: Lu, Ake T., et al. "DNA Methylation GrimAge Version 2." Aging (Albany NY) 14, no. 23 (2022): 9484–9549. https://doi.org/10.18632/aging.204434.] 

One concern is worth flagging before the main analysis: these four clocks were trained and validated in adults, and this sample spans ages 4.5-16.8 years. Age acceleration is a residual of predicted age on chronological age by construction, but that does not guarantee it is independent of age in a population the clock was never built for — if the adult-trained model fits childhood methylation patterns unevenly across the age range, some age dependence could leak back in. I checked this directly rather than assuming it away. Age acceleration showed a weak but statistically detectable correlation with chronological age for Horvath (r=0.14, p=0.027) and PhenoAge (r=0.17, p=0.007) across the full baseline sample, and no detectable correlation for Hannum or GrimAge v2 (both p>0.11); within the Crohn's disease and control groups separately, these correlations were weaker still and mostly non-significant. As a sensitivity analysis, I refit every baseline adjusted model with chronological age added as an additional covariate to see whether this mattered for my conclusions.
I pre-specified twelve primary hypothesis tests, four clocks (Horvath, Hannum, PhenoAge, GrimAge v2) crossed with three comparisons: the cell-composition- and sex-adjusted Crohn's-disease-versus-control difference at baseline, the paired baseline-to-follow-up Wilcoxon signed-rank test, and the cell-composition- and sex-adjusted Crohn's-disease-versus-control difference at follow-up. I applied Benjamini-Hochberg correction across exactly these twelve tests; I report the B1-versus-B2 severity comparison, the unadjusted (raw) group comparisons, and the cell-composition checks as descriptive or exploratory, and did not include them in this correction. I computed ninety-five percent confidence intervals for every adjusted coefficient two ways, from the regression model directly and by bootstrap resampling (2,000 resamples) of the underlying samples, and report both together where they diverge meaningfully.
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Figure 1. Age acceleration decreases from diagnosis to follow-up across most clocks. Unadjusted mean age acceleration (predicted age minus chronological age, y-axis, in years) at diagnosis versus follow-up (24-36 months later) for four epigenetic clocks, in the same 164 paired paediatric Crohn's disease patients from GSE112611 summarised in Table 1. Asterisks mark clocks with a significant paired baseline-to-follow-up change (p<0.00001, two-sided Wilcoxon signed-rank test, n=164 pairs); Horvath did not change significantly (p=0.170).
 



Tables with Titles/Captions
	Clock (age accel.)
	Baseline mean
	FU mean
	Change
	Wilcoxon p
	vs. control, FU, adjusted p

	Horvath
	+3.22 yr
	+2.57 yr
	-0.65 yr
	0.170
	0.361

	Hannum
	+7.40 yr
	+5.73 yr
	-1.67 yr
	<0.00001
	0.207

	PhenoAge
	-4.64 yr
	-10.97 yr
	-6.34 yr
	<0.00001
	0.114

	GrimAge v2
	+19.92 yr
	+12.07 yr
	-7.86 yr
	<0.00001
	0.867


 
Table 1. Baseline-to-follow-up change in age acceleration by clock. Baseline and FU (follow-up) means are unadjusted within-patient means for the 164 Crohn's disease patients; these are not the cell-composition- and sex-adjusted case-control differences reported in Results and the Summary. Wilcoxon p is for the paired baseline-to-follow-up change within these same 164 patients (two-sided Wilcoxon signed-rank test). The final column is the cell-composition- and sex-adjusted p-value for the follow-up-versus-control comparison (n=164 follow-up, n=74 control), using the same adjustment strategy as the baseline test it is meant to be compared against. yr = years.
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