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Abstract 

Background 

Marathon running in novices represents a natural experiment of short-term 

cardiovascular remodeling in response to running training. We examine whether this 

stimulus can produce exercise-induced left ventricular (LV) trabeculation. 
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Methods 

Sixty-eight novice marathon runners aged 29.5 ±3.2 years had indices of LV 

trabeculation measured by echocardiography and cardiac magnetic resonance imaging 

6 months before and 2 weeks after the 2016 London Marathon race, in a prospective 

longitudinal study.  

 

Results  

After 17 weeks unsupervised marathon training, indices of LV trabeculation were 

essentially unchanged. Despite satisfactory inter-observer agreement in most methods 

of trabeculation measurement, criteria defining abnormally hypertrabeculated cases 

were discordant with each other. LV hypertrabeculation was a frequent finding in 

young, healthy individuals with no subject demonstrating clear evidence of a 

cardiomyopathy. 

 

Conclusion 

Training for a first marathon does not induce LV trabeculation. It remains unclear 

whether prolonged, high-dose exercise can create de novo trabeculation or expose 

concealed trabeculation. Applying cut off values from published LV noncompaction 

cardiomyopathy criteria to young, healthy individuals risks over-diagnosis.  
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Introduction 

Cross sectional studies have highlighted that athletes often show increased left 

ventricular (LV) trabeculation in comparison to non-athletes, particularly competitive 

soccer and rugby players(1) though the estimated prevalence varies widely across 

different athlete populations and using different definitions, from 1.4%(2) to 

18.3%(1). 

 

It has been proposed that exercise can induce acquired LV trabeculation in potentially 

predisposed individuals, which risks phenotypic overlap with possible 

cardiomyopathy. Some have proposed integrating other functional parameters in an 

attempt to distinguish between benign and pathological excessive LV trabeculation(3, 

4). However, longitudinal evidence demonstrating a cause and effect relationship 

between exercise and increased LV trabeculation has been lacking. The Journal 

previously published a case series of four basketball players where training and 

detraining resulted in changes in trabeculation, though the definition of LV 

hypertrabeculation and quantification results were not reported(5). 

 

In a separate population, 25% of primagravida women developed LV trabeculation 

during pregnancy, which resolved in the majority of women post-partum. The authors 

proposed that this was likely an epiphenomenon resulting from cardiovascular 

adaptation to the loading conditions of pregnancy, where a 50% rise in blood volume 

increases cardiac preload(6). 

 

Building on this work, we hypothesized that young, novice marathon runners can 

develop exercise-induced LV trabeculation as a result of their preparatory training. 
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Marathons are popular mass-participation endurance events, where participants of 

varying athletic backgrounds increase their physical activity levels to meet a personal 

goal. This provides an opportunity to study a natural experiment of short-term 

cardiovascular remodeling in response to running training. We undertook a 

prospective, longitudinal study to investigate if typical marathon training for first-time 

participants could induce an increase in LV trabeculation assessed by both 

echocardiography and cardiac magnetic resonance (CMR). For clarity we use the term 

“excessive trabeculation” to describe subjects where published thresholds for left 

ventricular non-compaction (LVNC) criteria are exceeded. 

 

Methods 

Subjects were considered for inclusion if they were aged 18-35 years old and had 

never run a marathon distance previously. Individuals were excluded if they had pre-

existing cardiovascular disease during preliminary investigations or contraindication 

to cardiovascular magnetic resonance (CMR). Novice marathon runners were 

identified through the database records of the organizers (Virgin Money London 

Marathon) and received notification of the study through e-mail advertisement. 

Interested runners made contact through a call center, were subsequently contacted by 

telephone and recruited if fulfilling inclusion criteria.  

 

Subjects were encouraged to follow a beginner’s training plan, consisting of 

approximately 3 runs per week, increasing in difficulty over a 17-week period leading 

up to the London Marathon race(7).  
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Upon notification of their awarded places, 68 first-time marathon runners underwent 

echocardiography, CMR and cardiopulmonary exercise testing on a semi recumbent 

cycle ergometer 186 ±4 days (mean ± standard deviation) before and 16 ±4 days after 

the marathon. Detailed information on study participant recruitment, methods, 

baseline characteristics and cardiovascular remodeling findings have been published 

previously(8). Imaging studies were analyzed by an accredited, experienced 

cardiologist (A.D.), blinded to subject identity and time point. 

 

Statistical analyses were performed with R version 3.3.0 (R Project for Statistical 

Computing). Data were tested for normality with the Shapiro-Wilk test and assessed 

in histograms. Normally distributed data are presented as mean ± SD and skewed data 

are presented as median with inter-quartile range. Differences between group means 

were compared using a paired t test, if parametric, or Wilcoxon signed rank test if 

non-parametric. Differences in paired categorical data (positive and negative LV non-

compaction criteria) werecomparedusingMcNemar’stest. Reproducibility of 

measurements between raters was assessed with two-way, mixed single measures 

intraclass correlation coefficient (ICC) analysis for absolute agreement. Statistical 

significance was defined as a two-tailed value of P<0.05. 

 

Results 

Subjects were aged 29.5 ±3.2 years, 53% were male and 90% of white European 

ethnicity with a median self-reported baseline physical activity level of 2.0 hours per 

week (range 0-10 hours, IQR 1.5-2.5 hours). Subjects achieved a median race finish 

time of 04:31:00 (HH:MM:SS, range 02:56:10 – 06:51:20), which was comparable 

with London Marathon general race participants. Mean peak oxygen consumption 
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was 40.5 ml/kg/min (100% predicted) in men and 35.2 ml/kg/min (115% predicted) in 

women at baseline and did not change after the marathon. No definite evidence of 

cardiomyopathy was detected in any subject and cardiac dimensions were within 

normal range.   

 

Multiple validated methods of LV trabeculation measurement were assessed at 

baseline and after marathon training. Chin(9) and Jenni(10) criteria were assessed on 

echocardiography and Petersen(11), Jacquier(12) and Captur(13) criteria were 

assessed on CMR (Figure 1). Stollberger criteria(14) were not satisfied at any time by 

any subject and therefore could not be used for quantitative comparison of LV 

trabeculation. No subject possessed >3 trabeculations (long axis views) with color 

Doppler visualized perfusion of intertrabecular spaces. There was poor concordance 

between indices of trabeculation (Figure 2). Jenni, Jacquier and Captur measurements 

did not change between baseline evaluation and after marathon training: Jenni ratio 

(0.89 vs. 0.89; P=0.77), Jacquier trabeculated mass percentage (15.8 vs. 15.9; 

P=0.76), Captur global mean LV fractal dimension (FD) (1.20 vs. 1.19; P=0.37) and 

Captur maximum apical LV FD (1.36 vs. 1.36; P=0.74). The Chin X/Y ratio 

demonstrated a small increase in trabeculation (0.56 vs. 0.52; P=0.02), where 38% of 

the population were identified as excessively trabeculated at baseline, predominantly 

from apical measurements. The Petersen NC/C ratio showed a small reduction in 

trabeculation (1.21 vs. 0.92; P<0.01), where excessive trabeculation (NC/C >2.3) was 

seen in 3% at baseline and was unchanged after training. Seventy-three percent 

satisfied a Captur maximum apical FD >1.3 at baseline, which indicated more apical 

trabecular complexity than expected but with no change in FD observed after 

marathon training. 
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Inter-observer agreement for Chin, Jenni, Petersen, Jacquier and Captur criteria was 

ICC = 0.63 (good), 0.22 (poor), 0.89 (excellent), 0.49 (fair) and 0.76 (excellent), 

respectively. 

 

Discussion 

This study found that LV trabeculation in novice marathon runners did not change 

after training for and running a first marathon. Despite little within-subject variability 

in LV trabeculation over the study period, methods of quantification for determining 

the prevalence of excessive LV trabeculation were highly discordant.  

 

It has previously been shown that younger individuals possess greater amounts of 

apical trabeculation(15, 16) but age-specific normative or cut-off values for 

pathological LV trabeculation do not currently exist. In this sample of healthy 

subjects, excessive trabeculation was found predominantly at the LV apex, which is 

recognized as the most commonly non-compacted segment(11) and was detected with 

greater sensitivity by Chin and Captur apical FD criteria. A higher prevalence of 

positive Chin compared to Jenni criteria has previously been reported in Olympic 

athletes with prominent trabeculation(2). Exclusion of the LV apex is a requirement 

of some LVNC imaging criteria to improve test specificity(11, 13), which may 

explain the low prevalence of positive Petersen criteria. The method and extent of 

apical exclusion inevitably introduces variation, in addition to measurement in 

different phases of the cardiac cycle and different imaging planes, accounting for poor 

concordance between LV trabeculation assessments described in this study and many 

others(14). Based on these findings it may be argued that Stollberger criteria hold 
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greater specificity for pathology but as we did not include subjects with suspected 

cardiomyopathy and it is currently unknown whether LVNC is indeed a distinct 

cardiomyopathy, this is speculative.  

 

This work supports the findings of a large cross-sectional study by Woodbridge et al. 

where they were unable to demonstrate a relationship between LV trabeculation and 

physical activity(17). In their study, subjects with a mean age of 61 years had a 

median self-reported physical activity level equivalent to 4.4 hours of running per 

week (2115 MET-min), which is less than the exposure of typical competitive 

athletes.  

 

Limitations 

In our study, subjects were advised to gradually increase running training to reach a 

peak exercise dose of 4.8 hours per week, following a beginner’s training plan, which 

is a modest exercise dose in comparison to competitive athletes. In addition, the 

absence of an increase in peak oxygen consumption may indicate that unsupervised 

exercise is an insufficient stimulus to induce the degree of athletic cardiac remodeling 

relevant to our hypothesis of increased LV trabeculation. A cross-sectional study by 

Gati et al. compared young, competitive athletes (mean age 21 years) of various 

disciplines but not marathon runners, with a sedentary control population and 

demonstrated a higher prevalence of increased LV trabeculation (18.3% vs 7.0%), 

where the athletes exercised for an average of 17.7 hours per week(1). A longitudinal 

study involving a high-dose exercise stimulus and long interval imaging follow up 

would be required to investigate whether LV trabeculation might be induced by 

competitive athlete doses of exercise in predisposed individuals.  
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Conclusion 

At present it is not clear whether high-dose exercise can induce trabeculation or 

expose concealed trabeculation. Additional challenges remain as methods of 

trabeculation quantification can be hindered by poor reproducibility and potential 

over-diagnosis of LVNC in many populations, including athletes. Automated methods 

of quantifying trabeculae(18, 19) appeal as they overcome issues with reproducibility, 

have the potential to define normal ranges in healthy individuals from large CMR 

biobanks and reduce analysis time, which could facilitate better anatomical 

phenotyping. If currently applied thresholds fail to reliably differentiate healthy 

individuals from those with disease and do not provide information relating to 

prognosis(4), their value in current clinical practice is questionable. 

 

 

Ethics approval and consent to participate 

Written consent was obtained from all participants and the National Research Ethics 

Service; Queen Square, London committee granted ethical approval (15/LO/086). The 

trial is registered on ClinicalTrials.gov, number NCT02568072. 

 

Competing interests 

The authors declare that the research was conducted in the absence of any commercial 

or financial relationships that could be construed as a potential conflict of interest. 

The study funders and supporters had no role in study design, data collection and 

analysis, decision to publish, or preparation of the manuscript. 

 

Funding 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 10 

This work was jointly supported and funded by the British Heart Foundation with a 

clinical research training fellowship grant [FS/15/27/31465 to A.D.] and Cardiac Risk 

in the Young. This work was also supported by COSMED (Rome, Italy) through the 

provision of cardiopulmonary exercise testing equipment and technical support.  

 

Acknowledgments 

We thank the study participants for voluntarily giving their time and taking part in the 

study. We are also grateful to Virgin Money London Marathon for their support in 

recruitment of participants. We are grateful to the entire marathon study team 

performing investigations. In addition to the authors of this manuscript, The Marathon 

Study group included the following staff from St George’s University of London, 

University College London, Bart’s Health Trust and other organisations: Anish 

Bhuva, Siana Jones, Jet Van Zalen, Amna Abdel-Gadir, Thomas Treibel, Stefania 

Rosmini, Manish Ramlal, Gabriella Captur, Katia D Menacho Medina, Joao Augusto, 

Yang Ye, Niromila Nadarajan, Nabila Mughul, Sunita Chauhan, Shino Kirokose, 

Tolu Akinola, Cheelo Simaanya, Lizette Cash, James Willis, David Hoare, James 

Malcolmson, Pamela de la Cruz, Annabelle Freeman, Delfin Encarnacion, Lesley 

Hart, Jack Kaufman, Frances Price, Rueben Dane, Karen Armado, Gemma Cruz, 

Lorna Carby, Tiago Fonseca, Fatima Niones, Zeph Fanton, Jim Pate, Joe Carlton, 

Sarah Anderson, Rob Hall, Sam Liu, Sonia Bains, Claire Kirkby, Pushpinder Kalra, 

Raghuveer Singh, Bode Ensam, Tee J Yeo, Rachel Bastiaenen, Della Cole, Jacky Ah-

Fong, Sue Brown, Sarah Horan, Ailsa McClean, Kyle Conley, Paul Scully, Luke 

Horsfield, Mark McLaren, Elizabeth Clough, Daniel Key, Riyaz Patel and Sanjeev 

Bhattacharyya. We are grateful to Virgin Money London Marathon, particularly Hugh 

Brasher and Penny Dain, for their support with study advertisement and participant 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 11 

recruitment. From our supporters Cardiac Risk in the Young we are particularly 

grateful to Steve Cox and Azra Loncarevic-Srmic for their additional support with 

administration and transport. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 12 

References: 

 

1. Gati S, Chandra N, Bennett RL, Reed M, Kervio G, Panoulas VF, et al. 
Increased left ventricular trabeculation in highly trained athletes: do we need 
more stringent criteria for the diagnosis of left ventricular non-compaction in 
athletes? Heart. 2013;99(6):401-8. 
2. Caselli S, Ferreira D, Kanawati E, Di Paolo F, Pisicchio C, Attenhofer Jost C, 
et al. Prominent left ventricular trabeculations in competitive athletes: A 
proposal for risk stratification and management. Int J Cardiol. 2016;223:590-5. 
3. Poscolieri B, Bianco M, Vessella T, Gervasi S, Palmieri V, Zeppilli P. 
Identification of benign form of ventricular non-compaction in competitive 
athletes by multiparametric evaluation. Int J Cardiol. 2014;176(3):1134-6. 
4. Aung N, Doimo S, Ricci F, Sanghvi MM, Pedrosa C, Woodbridge SP, et al. 
Prognostic Significance of Left Ventricular Noncompaction: Systematic Review 
and Meta-Analysis of Observational Studies. Circ Cardiovasc Imaging. 
2020;13(1):e009712. 
5. D'Ascenzi F, Pelliccia A, Natali BM, Bonifazi M, Mondillo S. Exercise-
induced left-ventricular hypertrabeculation in athlete's heart. Int J Cardiol. 
2015;181:320-2. 
6. Gati S, Papadakis M, Papamichael ND, Zaidi A, Sheikh N, Reed M, et al. 
Reversible de novo left ventricular trabeculations in pregnant women: 
implications for the diagnosis of left ventricular noncompaction in low-risk 
populations. Circulation. 2014;130(6):475-83. 
7. https://http://www.virginmoneylondonmarathon.com/en-
gb/trainingplans/beginner-17-week-training-plan/%C2%A0%5BVirgin Money 
London Marathon webpage with training plans. Accessed February 11, 2018.]. 
8. D’Silva A, Bhuva AN, van Zalen J, Bastiaenen R, Abdel-Gadir A, Jones S, et 
al. Cardiovascular Remodeling Experienced by Real-World, Unsupervised, Young 
Novice Marathon Runners. Frontiers in Physiology. 2020;11(232). 
9. Chin TK, Perloff JK, Williams RG, Jue K, Mohrmann R. Isolated 
noncompaction of left ventricular myocardium. A study of eight cases. 
Circulation. 1990;82(2):507-13. 
10. Jenni R, Oechslin E, Schneider J, Attenhofer Jost C, Kaufmann PA. 
Echocardiographic and pathoanatomical characteristics of isolated left 
ventricular non-compaction: a step towards classification as a distinct 
cardiomyopathy. Heart. 2001;86(6):666-71. 
11. Petersen SE, Selvanayagam JB, Wiesmann F, Robson MD, Francis JM, 
Anderson RH, et al. Left ventricular non-compaction: insights from 
cardiovascular magnetic resonance imaging. J Am Coll Cardiol. 2005;46(1):101-
5. 
12. Jacquier A, Thuny F, Jop B, Giorgi R, Cohen F, Gaubert JY, et al. 
Measurement of trabeculated left ventricular mass using cardiac magnetic 
resonance imaging in the diagnosis of left ventricular non-compaction. Eur Heart 
J. 2010;31(9):1098-104. 
13. Captur G, Muthurangu V, Cook C, Flett AS, Wilson R, Barison A, et al. 
Quantification of left ventricular trabeculae using fractal analysis. J Cardiovasc 
Magn Reson. 2013;15:36. 

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 13 

14. Stöllberger C, Gerecke B, Engberding R, Grabner B, Wandaller C, Finsterer 
J, et al. Interobserver Agreement of the Echocardiographic Diagnosis of LV 
Hypertrabeculation/Noncompaction. JACC Cardiovasc Imaging. 
2015;8(11):1252-7. 
15. Bentatou Z, Finas M, Habert P, Kober F, Guye M, Bricq S, et al. Distribution 
of left ventricular trabeculation across age and gender in 140 healthy Caucasian 
subjects on MR imaging. Diagn Interv Imaging. 2018. 
16. Dawson DK, Maceira AM, Raj VJ, Graham C, Pennell DJ, Kilner PJ. Regional 
thicknesses and thickening of compacted and trabeculated myocardial layers of 
the normal left ventricle studied by cardiovascular magnetic resonance. Circ 
Cardiovasc Imaging. 2011;4(2):139-46. 
17. Woodbridge SP, Aung N, Paiva JM, Sanghvi MM, Zemrak F, Fung K, et al. 
Physical activity and left ventricular trabeculation in the UK Biobank 
community-based cohort study. Heart. 2019. 
18. Bricq S, Frandon J, Bernard M, Guye M, Finas M, Marcadet L, et al. 
Semiautomatic detection of myocardial contours in order to investigate normal 
values of the left ventricular trabeculated mass using MRI. J Magn Reson Imaging. 
2016;43(6):1398-406. 
19. Frandon J, Bricq S, Bentatou Z, Marcadet L, Barral PA, Finas M, et al. Semi-
automatic detection of myocardial trabeculation using cardiovascular magnetic 
resonance: correlation with histology and reproducibility in a mouse model of 
non-compaction. J Cardiovasc Magn Reson. 2018;20(1):70. 
 

  

Journal Pre-proof



Jo
ur

na
l P

re
-p

ro
of

 14 

Figure legends 

 

Figure 1. Comparison of changes in left ventricular trabeculation indices.  

Boxplots (left) and density curves (right) indicate trabeculation measurements 

at baseline (pink) and post marathon (blue). Trabeculation indices measured 

were Chin X/Y ratio (A & B), Jenni NC/C ratio (C & D), Petersen NC/C ratio (E & 

F), Jacquier percentage trabeculated mass (G & H), Captur maximal apical (I & J) 

and mean global fractal dimensions (K & L). Red lines mark the published 

diagnostic thresholds for suspected cases of left ventricular non-compaction. 

Included in the boxplots is the mean difference with 95% confidence intervals.  

CI, confidence interval; FD, fractal dimension; LV, left ventricle; Max, maximum. 
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Figure 2. Venn diagram of the examined LVNC criteria at the post marathon 

visit.  

Captur criteria in this diagram is defined as a mean fractal dimension of >1.26 
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Highlights 
 

 Athletes often show excessive ventricular trabeculation  
 

 It is unknown whether left ventricular noncompaction cardiomyopathy 
can be acquired 

 
 It is proposed that trabeculation may result from athletic remodeling to 

exercise 
 

 Imaging is prone to overdiagnosis of left ventricular noncompaction 
cardiomyopathy 

 
 Recreational marathon running does not increase left ventricular 

trabeculation 
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