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The aim of the present study was to examine the physiological and training characteristics in marathon runners with different sport experiences (defined as the number of finishes in marathon races). The anthropometry and physiological characteristics of men recreational endurance runners with three or less finishes in marathon races (novice group, NOV; n = 69, age 43.5 ± 8.0 years) and four or more finishes (experienced group, EXP; n = 66, 45.2 ± 9.4 years) were compared. EXP had faster personal best marathon time (3:44 ± 0:36 vs. 4:20 ± 0:44 h:min, p < 0.001, respectively); lower flexibility (15.9 ± 9.3 vs. 19.3 ± 15.9 cm, p = 0.022), abdominal (20.6 ± 7.9 vs. 23.8 ± 9.0 mm, p = 0.030) and iliac crest skinfold thickness (16.7 ± 6.7 vs. 19.9 ± 7.9 mm, p = 0.013), and body fat assessed by bioimpedance analysis (13.0 ± 4.4 vs. 14.6 ± 4.7%, p = 0.047); more weekly training days (4.6 ± 1.4 vs. 4.1 ± 1.0 days, p = 0.038); and longer weekly running distance (58.8 ± 24.0 vs. 47.2 ± 16.1 km, p = 0.001) than NOV. The findings indicated that long-term marathon training might induce adaptations in endurance performance, body composition, and flexibility.
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INTRODUCTION

During the last decades, an increase of recreational marathon runners and annual races conducted all over the world has been observed (Knechtle et al., 2018; Vitti et al., 2020). Accordingly, an increased scientific interest has been focused on the evaluation of the physiological characteristics of these runners (Salinero et al., 2017; Nikolaidis and Knechtle, 2018). In addition, the role of health-related physical fitness components (e.g., body composition, aerobic capacity, flexibility, and muscle strength) for human’s health and well-being has been well-established (Lopez-Torres et al., 2019; McCormack et al., 2020). Previous studies showed that low body fat percentage (BF) was a key success factor in ultra-endurance races (Barandun et al., 2012), fact related with the large metabolic requirement (Clemente-Suarez, 2015) that could compromise even protein status, increasing the protein catabolism and muscle breakdown (Jamart et al., 2012). In this line, other researchers highlighted the importance of other parameters for this eliciting sport events founding how training schedule (Clemente-Suarez and Nikolaidis, 2017), odontological and nutritional variables (Belinchon-deMiguel et al., 2019), as well as emotional and personality constructs (Lane and Wilson, 2011). Considering the popularity of this sport (Vitti et al., 2020), it would be of great interest to examine long-term adaptations of health-related physical fitness to regular training in recreational marathon runners.

To investigate the effect of endurance training in recreational marathon runners, two methodological approaches might be applied relying on either longitudinal (Iwasaki et al., 2003) or cross-sectional study design (Mosher et al., 2010; Bishop et al., 2019; Lee, 2019). For the purpose of the present study, sport experience–reflecting long-term endurance training–was defined as the number of finished marathon races. So far, the relationship of the number of finished endurance races with training and physiological characteristics has been not well studied, and previous research provided conflicting findings (Knechtle et al., 2010b; Salinero et al., 2017). For instance, it has been observed that the number of finished marathons did not correlate with marathon race time nor differ among recreational runners with different race times (Salinero et al., 2017). On the other hand, in 100 km ultra-marathon runners, race time correlated with the number of finished 100 km ultra-marathons, i.e., the larger the number of finisher races, the fastest the race time (Knechtle et al., 2010b).

Although physiological and training characteristics have been well studied in recreational marathon runners especially with regard to performance level, less information has been available about the variation of these characteristics by sport experience (Salinero et al., 2017). Examining these characteristics in recreational marathon runners of different sport experiences would be a novel approach with practical applications. The aim of the present study was to examine the physiological and training characteristics in marathon runners with different sport experiences. For the purpose of the study, “sport experience” referred to the number of finished marathons. Although it was acknowledged that other indices of sport experience existed (e.g., training years), the number of finished marathons might be considered a practical cut-off especially in the case of recreational marathon runners who were the focus of this study. It was hypothesized that groups of men recreational marathon runners of different sport experiences would exhibit similar training and physiological characteristics, considering recent findings (Salinero et al., 2017).



MATERIALS AND METHODS

This study has been part of a larger project on the physiological and psychological aspects of marathon runners, and detailed description of the study design and experimental procedures might be accessed elsewhere (Nikolaidis and Knechtle, 2018). Briefly, 135 recreational marathon runners, who finished the “Athens Authentic Marathon” in 2017, participated in the present study and provided written informed consent. All procedures were in accordance with the Declaration of Helsinki, and the local Institutional Review Board provided approval (EPL 2017/7). For the purpose of the present study, the anthropometric and physiological characteristics of men recreational endurance runners with three or less finishes in marathon races (novice group, NOV; n = 69, age 43.5 ± 8.0 years; 2.0 ± 0.8 finishes; 4.1 ± 2.2 years of regular running training; personal best marathon running time 4:20 ± 0:44 h:min) and four or more finishes (experienced group, EXP; n = 66, 45.2 ± 9.4 years; 9.4 ± 7.3 finishes; 9.7 ± 7.0 years of regular running training; personal best time 3:44 ± 0:36 h:min) were compared. NOV had median 2 finishes (interquartile range, IQR 1–3 finishes) and 4 years of training (IQR 3–5 years), whereas EXP had median 6 finishes (IQR 5–12 finishes) and 7 years of training (IQR 6–12.5 years). The study design was cross-sectional, where all data were collected during a single testing session.

Information on the number of finished marathon races, personal best marathon time (h:min), and number of weekly training days and weekly running distance (km) was recorded in a paper and pencil questionnaire. Body weight and height were measured using a scale (HD-351; Tanita, Arlington Heights, IL, United States) and stadiometer (SECA Leicester, United Kingdom), respectively. Body mass index was calculated as the ratio of body weight to height squared (kg m–2). Body composition (BF) was tested using bioimpedance analysis (BIA; Tanita BC-545, Arlington Heights, IL, United States) and skinfold thickness (Harpenden, West Sussex, United Kingdom) at 10 sites according to Parizkova’s method (Eston and Reilly, 2009). The inter- and intra-rater reliability of skinfold thickness measurements was 0.99 for the researcher who administered this assessment. Flexibility was evaluated through a sit-and-reach test (Mayorga-Vega et al., 2014), and muscle strength through squat jump (SJ) and countermovement jump (CMJ) (Microgate Engineering, Bolzano, Italy) (Aragon-Vargas, 2000). For both flexibility and jump tests, two trials were performed with 1-min break between trials and tests, and the best score was recorded for further analyses. A graded exercise test (GXT) on a treadmill using inclination + 1% evaluated VO2max using a gas analyzer (Fitmate Pro, Cosmed, Rome, Italy). Fitmate Pro was an automated metabolic analyzer relying on a representative small sample of expired volume in a dynamic mixing chamber (Nieman et al., 2007). In the GXT, a modified Conconi protocol was performed, where running speed increased by 1 km/h every minute with an initial speed set at 8 km/h (Conconi et al., 1982; Chrismas et al., 2017).

IBM SPSS v.20.0 (SPSS, Chicago, IL, United States) and GraphPad Prism v.7.0 (GraphPad Software, San Diego, United States) were used for the statistical analyses. Descriptive statistics (mean and standard deviation) were calculated for all data. The level of significance was set at α = 0.05. Independent t test examined the differences between EXP and NOV. Pearson correlation coefficient r examined the relationship of the number of finishes in marathon races with training, anthropometric, and physiological variables.



RESULTS

EXP had faster personal best marathon time than NOV (3:44 ± 0:36 vs. 4:20 ± 0:44 h:min, p < 0.001, respectively) (Table 1). Furthermore, they had lower flexibility (15.9 ± 9.3 vs. 19.3 ± 15.9 cm, p = 0.022), abdominal (20.6 ± 7.9 vs. 23.8 ± 9.0 mm, p = 0.030) and iliac crest skinfold thickness (16.7 ± 6.7 vs. 19.9 ± 7.9 mm, p = 0.013), and body fat assessed by BIA (13.0 ± 4.4 vs. 14.6 ± 4.7%, p = 0.047); more weekly training days (4.6 ± 1.4 vs. 4.1 ± 1.0 days, p = 0.038); and longer weekly running distance (58.8 ± 24.0 vs. 47.2 ± 16.1 km, p = 0.001) than NOV (Figures 1, 2). The number of finishes in marathon races correlated with SJ (r = –0.41, p = 0.021) and CMJ (r = –0.38, p = 0.032), weekly training days (r = 0.19, p = 0.030), running distance (r = 0.25, p = 0.004), and years of running training (r = 0.63, p < 0.001).


TABLE 1. Comparison between experienced (EXP) and novice (NOV) recreational marathon runners.
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FIGURE 1. Weekly training units and running distance, sit-and-reach test, and body fat percentage by number of marathon finishes. Error bars represented standard deviations. *p < 0.05. SAR, sit-and-reach test; BF, body fat percentage assessed by bioimpedance analysis.
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FIGURE 2. Skinfold thickness of 11 anatomical sites by number of marathon finishes. Error bars represented standard deviations. *p < 0.05.




DISCUSSION

The main findings of the present study were that more experienced runners had (a) faster personal best marathon time, (b) lower flexibility, (c) lower abdominal and iliac crest skinfold thickness, (d) lower fat assessed by BIA, and (e) more weekly training days and longer weekly running distance than their less experienced counterparts. Furthermore, the number of finishes in marathon races correlated negatively with SJ and CMJ and positively with weekly training days and running distance.

EXP was faster than NOV by 36 min, which was partially in agreement with previous studies (Till et al., 2016; Gordon et al., 2017). It was previously observed that fast marathon runners had more sport experience and weekly training volume than slow runners (Gordon et al., 2017), which was also in consonance with longer distance and running events as ultra-endurance mountain races (Belinchon-Demiguel and Clemente-Suarez, 2019). On the other hand, a study of the Australian marathons did not find any relationship between marathon race time and years of training; however, this result should be considered with caution since the sample size was relatively small (n = 19) (Till et al., 2016). It should be reported that, despite the abovementioned 36 min difference in race time, EXP and NOV did not differ in VO2max, which was considered as a main determinant of marathon race time (Gordon et al., 2017; Nikolaidis and Knechtle, 2018). An explanation of this observation was that performance might rely on other factors, such as higher maximal lactate steady state, closer anaerobic threshold to the VO2max (Fontana et al., 2009), as well as non-physiological factors (e.g., motivation) in addition to physiology (Waskiewicz et al., 2019). In this context, it was not surprising that different physiological profiles can lead to the same level of performance as shown in a recent case study (Louis et al., 2020). In addition to the number of finished marathon races, EXP had also more years of running training than NOV, and the overall larger sport background of EXP might account for other performance-related adaptations to marathon training, such as the ability to optimally distribute their effort during a race. Several recent works (Aschmann et al., 2018; Nikolaidis et al., 2019; Hernando et al., 2020) have shown the importance of maintaining a relatively even pace from the start line to the finish line of a marathon. This ability might be developed with increasing expertise and could be a determining factor for performance in long distance races.

The lower flexibility in EXP than in NOV might be attributed to potential differences in running economy and suggested an adaptation of musculotendinous structures to long-term training. Although running economy was not measured in participants, it would be reasonable to assume that EXP being the fastest group might run more metabolically economically. In turn, high running economy has been shown to relate with small flexibility (Jones, 2002; Trehearn and Buresh, 2009), indicating stiffer musculotendinous structures (Drew et al., 2011). A muscular structure with greater rigidity, which logically does not imply a structural complication that increases the fragility and risk of injury, will have a greater reactivity that will allow a lower loss of elastic energy in each stride, taking advantage of a more efficient way mechanical energy is stored in the musculotendinous structure (Nelson et al., 2001). Accordingly, the negative correlation of the number of finished marathons with SJ and CMJ might reflect a training adaptation to endurance training. This finding was in agreement with previous research (Martinez-Navarro et al., 2020) that observed a trend that fast runners exhibited relatively low SJ, too.

With regard to the variation of skinfold thickness and body fat between the two groups, EXP had smaller thickness in two skinfolds (abdominal and iliac crest) and lower BF estimated by BIA than NOV. These differences might be attributed to adaptations of body composition to long-term endurance training. It has been observed that the sum of skinfolds was moderately and positively related to marathon race time (Hagan et al., 1981; Salinero et al., 2017), i.e., fast runners had lower BF than slow runners. The increased workload of non-active tissue in the running movement was described as a limitation in almost all sport in which repeated movement is necessary, especially in long distance event (Ramos-Campo et al., 2014; Belinchon-deMiguel and Clemente-Suarez, 2018). In addition, the higher BF of NOV combining with the similar weight of both groups highlighted the lower fat-free mass of NOV. This observation could also explain the lower performance of NOV not having so much muscle mass that may be involved in muscle contraction, and finally in the production of force in each stride (Suárez et al., 2011).

In addition, differences were found in training habits, where EXP had more weekly training days and running distance than NOV. This finding might be attributed to the faster race time of EXP compared with NOV. It has been shown that the weekly training units and distance were largely and negatively related to marathon race time (Hagan et al., 1981), i.e., the more the weekly training units and the longer the distance covered, the faster the race time. Another study reported moderate and negative relationship of weekly training distance with marathon race time (Salinero et al., 2017). In contrast, other studies have shown how training velocity correlated with the ultra-endurance race time (Knechtle et al., 2010a), also training with lower volume and an incremental distribution of aerobic workload obtain higher improvements in aerobic performance, basic for endurance races (Clemente Suarez and Gonzalez-Rave, 2014; Clemente-Suarez et al., 2017, 2018a). Other factors, such as the intensity and periodization of training workloads, could also affect performance (Clemente-Suarez et al., 2015, 2018b); therefore, it would be interesting to analyze these parameters coupled with the volume of training for future investigations.

A limitation of our study was the use of a particular cut-off to define EXP and NOV based on the number of finishes in marathon races. It was acknowledged that sport experience might be also estimated by other methods, e.g., time since starting regular endurance training. Nevertheless, it was considered that this variable would be hard to estimate due to difficulties of participants to recall it; e.g., often, the participants reported periods with no engagement in regular training. Thus, the number of finishes was considered as a more “quantifiable” estimate of sport experience, and caution would be needed to generalize the findings to other estimates of sport experience. On the other hand, strength was the inclusion of a wide range of training, anthropometric, and physiological variables providing insights on this topic. The information about the differences in training, anthropometric, and physiological variables by experience level was a novel finding with practical applications. Coaches and fitness trainers working with recreational marathon runners might apply these findings to evaluate the physical readiness of their athletes and monitor the effectiveness of their training program.



CONCLUSION

The findings indicated that long-term marathon training might induce adaptations in endurance performance, body composition, and flexibility. An interpretation of the lower score of flexibility in the more experienced group might be its relationship with running economy. The negative relationship of the number of finishes with indices of muscle strength (jump tests) suggested a negative adaptation of muscle strength to endurance training.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by This study has been part of a larger project on physiological and psychological aspects of marathon runners, and detailed description of the study design and experimental procedures might be accessed elsewhere (Nikolaidis and Knechtle, 2018). Briefly, 135 recreational marathon runners, who finished the “Athens Authentic Marathon” in 2017, participated in the present study and provided written informed consent. All procedures were in accordance with the Declaration of Helsinki and the local Institutional Review Board provided approval. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

PN collected all the data, performed the analyses, and drafted the first manuscript. VC-S, DC, and BK helped in finishing the manuscript. All authors contributed to the article and approved the submitted version.



REFERENCES

Aragon-Vargas, L. F. (2000). Evaluation of four vertical jump tests: methodology, reliability, validity, and accuracy. Meas. Phys. Educ. Exerc. Sci. 4, 215–228. doi: 10.1207/s15327841mpee0404_2

Aschmann, A., Knechtle, B., Onywera, V. O., and Nikolaidis, P. T. (2018). Pacing strategies in the New York city marathon – does nationality of finishers matter? Asian J. Sports Med. 9:e57596. doi: 10.5812/asjsm.57596

Barandun, U., Knechtle, B., Knechtle, P., Klipstein, A., Rust, C. A., Rosemann, T., et al. (2012). Running speed during training and percent body fat predict race time in recreational male marathoners. Open Access J. Sports Med. 3, 51–58. doi: 10.2147/oajsm.s33284

Belinchon-deMiguel, P., and Clemente-Suarez, V. J. (2018). Psychophysiological, body composition, biomechanical and autonomic modulation analysis procedures in an ultraendurance mountain race. J. Med. Syst. 42:32. doi: 10.1007/s10916-017-0889-y

Belinchon-Demiguel, P., and Clemente-Suarez, V. J. (2019). Nutrition, hydration and ergogenic aids strategies in ultraendurance mountain events. J. Sports Med. Phys. Fitness 59, 791–797. doi: 10.23736/s0022-4707.18.08920-x

Belinchon-deMiguel, P., Tornero-Aguilera, J. F., Dalamitros, A. A., Nikolaidis, P. T., Rosemann, T., Knechtle, B., et al. (2019). Multidisciplinary analysis of differences between finisher and non-finisher ultra-endurance mountain athletes. Front. Physiol. 10:1507. doi: 10.3389/fphys.2019.01507

Bishop, E. N., Dang, T., Morrell, H., Estis, J., and Bishop, J. J. (2019). Effect of health and training on ultrasensitive cardiac troponin in marathon runners. J. Appl. Lab. Med. 3, 775–787. doi: 10.1373/jalm.2018.026153

Chrismas, B. C. R., Taylor, L., Siegler, J. C., and Midgley, A. W. (2017). A reduction in maximal incremental exercise test duration 48 h post downhill run is associated with muscle damage derived exercise induced pain. Front. Physiol. 8:135. doi: 10.3389/fphys.2017.00135

Clemente Suarez, V. J., and Gonzalez-Rave, J. M. (2014). Four weeks of training with different aerobic workload distributions–effect on aerobic performance. Eur. J. Sport Sci. 14(Suppl. 1), S1–S7. doi: 10.1080/17461391.2011.635708

Clemente-Suarez, V. J. (2015). Psychophysiological response and energy balance during a 14-h ultraendurance mountain running event. Appl. Physiol. Nutr. Metab. 40, 269–273. doi: 10.1139/apnm-2014-0263

Clemente-Suarez, V. J., and Nikolaidis, P. T. (2017). Use of bioimpedianciometer as predictor of mountain marathon performance. J. Med. Syst. 41:73. doi: 10.1007/s10916-017-0722-7

Clemente-Suarez, V. J., Dalamitros, A. A., and Nikolaidis, P. T. (2018a). The effect of a short-term training period on physiological parameters and running performance: intensity distribution versus constant-intensity exercise. J. Sports Med. Phys. Fitness 58, 1–7. doi: 10.23736/s0022-4707.16.06756-6

Clemente-Suarez, V. J., Dalamitros, A., Ribeiro, J., Sousa, A., Fernandes, R. J., and Vilas-Boas, J. P. (2017). The effects of two different swimming training periodization on physiological parameters at various exercise intensities. Eur. J. Sport Sci. 17, 425–432. doi: 10.1080/17461391.2016.1253775

Clemente-Suarez, V. J., Fernandes, R. J., Arroyo-Toledo, J. J., Figueiredo, P., Gonzalez-Rave, J. M., and Vilas-Boas, J. P. (2015). Autonomic adaptation after traditional and reverse swimming training periodizations. Acta Physiol. Hung. 102, 105–113. doi: 10.1556/APhysiol.102.2015.1.11

Clemente-Suarez, V. J., Fernandes, R. J., de Jesus, K., Pelarigo, J. G., Arroyo-Toledo, J. J., and Vilas-Boas, J. P. (2018b). Do traditional and reverse swimming training periodizations lead to similar aerobic performance improvements? J. Sports Med. Phys. Fitness 58, 761–767. doi: 10.23736/s0022-4707.17.07465-5

Conconi, F., Ferrari, M., Ziglio, P. G., Droghetti, P., and Codeca, L. (1982). Determination of the anaerobic threshold by a noninvasive field test in runners. J. Appl. Physiol. Respir. Environ. Exerc. Physiol. 52, 869–873. doi: 10.1152/jappl.1982.52.4.869

Drew, R. C., Sinoway, L. I., and White, M. J. (2011). The two-hour marathon: running economy and lower body flexibility. J. Appl. Physiol. (1985) 110, 284–285; discussion 294. doi: 10.1152/japplphysiol.01259.2010

Eston, R., and Reilly, T. (2009). Kinanthropometry and Exercise Physiology Laboratory Manual. Tests, Procedures and Data: Anthropometry, 3rd Edn, Vol. 1. London: Routledge.

Fontana, P., Boutellier, U., and Knopfli-Lenzin, C. (2009). Time to exhaustion at maximal lactate steady state is similar for cycling and running in moderately trained subjects. Eur. J. Appl. Physiol. 107, 187–192. doi: 10.1007/s00421-009-1111-9

Gordon, D., Wightman, S., Basevitch, I., Johnstone, J., Espejo-Sanchez, C., Beckford, C., et al. (2017). Physiological and training characteristics of recreational marathon runners. Open Access J. Sports Med. 8, 231–241. doi: 10.2147/OAJSM.S141657

Hagan, R. D., Smith, M. G., and Gettman, L. R. (1981). Marathon performance in relation to maximal aerobic power and training indices. Med. Sci. Sports Exerc. 13, 185–189.

Hernando, C., Hernando, C., Martinez-Navarro, I., Collado-Boira, E., Panizo, N., and Hernando, B. (2020). Estimation of energy consumed by middle-aged recreational marathoners during a marathon using accelerometry-based devices. Sci. Rep. 10:1523.

Iwasaki, K., Zhang, R., Zuckerman, J. H., and Levine, B. D. (2003). Dose-response relationship of the cardiovascular adaptation to endurance training in healthy adults: how much training for what benefit? J. Appl. Physiol. (1985) 95, 1575–1583. doi: 10.1152/japplphysiol.00482.2003

Jamart, C., Francaux, M., Millet, G. Y., Deldicque, L., Frere, D., and Feasson, L. (2012). Modulation of autophagy and ubiquitin-proteasome pathways during ultra-endurance running. J. Appl. Physiol. (1985) 112, 1529–1537. doi: 10.1152/japplphysiol.00952.2011

Jones, A. M. (2002). Running economy is negatively related to sit-and-reach test performance in international-standard distance runners. Int. J. Sports Med. 23, 40–43. doi: 10.1055/s-2002-19271

Knechtle, B., Di Gangi, S., Rust, C. A., Rosemann, T., and Nikolaidis, P. T. (2018). Men’s participation and performance in the Boston marathon from 1897 to 2017. Int. J. Sports Med. 39, 1018–1027. doi: 10.1055/a-0660-0061

Knechtle, B., Knechtle, P., and Rosemann, T. (2010a). Race performance in male mountain ultra-marathoners: anthropometry or training? Percept. Mot. Skills 110(3 Pt 1), 721–735. doi: 10.2466/pms.110.3.721-735

Knechtle, B., Rosemann, T., Knechtle, P., and Lepers, R. (2010b). Predictor variables for a 100-km race time in male ultra-marathoners. Percept. Mot. Skills 111, 681–693. doi: 10.2466/05.25.pms.111.6.681-693

Lane, A. M., and Wilson, M. (2011). Emotions and trait emotional intelligence among ultra-endurance runners. J. Sci. Med. Sport 14, 358–362. doi: 10.1016/j.jsams.2011.03.001

Lee, J. H. (2019). The effect of long-distance running on bone strength and bone biochemical markers. J. Exerc. Rehabil. 15, 26–30. doi: 10.12965/jer.1836564.282

Lopez-Torres, O., Del Pozo-Cruz, B., Maroto-Sanchez, B., Vila-Maldonado, S., Gomez-Cabello, A., Martin-Garcia, M., et al. (2019). Does fitness attenuate the relationship between changes in sitting time and health-related quality of life over time in community-dwelling older adults? Evidence from the EXERNET multicenter longitudinal study. Qual. Life Res. 28, 3259–3266. doi: 10.1007/s11136-019-02252-3

Louis, J. B., Bontemps, B., and Lepers, R. (2020). Analysis of the world record time for combined father and son marathon. J. Appl. Physiol. (1985) 128, 440–444. doi: 10.1152/japplphysiol.00819.2019

Martinez-Navarro, I., Montoya-Vieco, A., Collado, E., Hernando, B., and Hernando, C. (2020). Inspiratory and lower-limb strength importance in mountain ultramarathon running. Sex differences and relationship with performance. Sports 8:134. doi: 10.3390/sports8100134

Mayorga-Vega, D., Merino-Marban, R., and Viciana, J. (2014). Criterion-related validity of sit-and-reach tests for estimating hamstring and lumbar extensibility: a meta-analysis. J. Sports Sci. Med. 13, 1–14. doi: 10.5465/ambpp.2010.54500471

McCormack, G. R., Frehlich, L., Blackstaffe, A., Turin, T. C., and Doyle-Baker, P. K. (2020). Active and fit communities. associations between neighborhood walkability and health-related fitness in adults. Int. J. Environ. Res. Public Health 17:1131. doi: 10.3390/ijerph17041131

Mosher, T. J., Liu, Y., and Torok, C. M. (2010). Functional cartilage MRI T2 mapping: evaluating the effect of age and training on knee cartilage response to running. Osteoarthritis Cartil. 18, 358–364. doi: 10.1016/j.joca.2009.11.011

Nelson, A. G., Kokkonen, J., Eldredge, C., Cornwell, A., and Glickman-Weiss, E. (2001). Chronic stretching and running economy. Scand. J. Med. Sci. Sports 11, 260–265. doi: 10.1034/j.1600-0838.2001.110502.x

Nieman, D. C., Lasasso, H., Austin, M. D., Pearce, S., McInnis, T., and Unick, J. (2007). Validation of Cosmed’s FitMate in measuring exercise metabolism. Res. Sports Med. 15, 67–75. doi: 10.1080/15438620601184380

Nikolaidis, P. T., and Knechtle, B. (2018). Pacing strategies in the ‘Athens classic marathon’: physiological and psychological aspects. Front. Physiol. 9:1539. doi: 10.3389/fphys.2018.01539

Nikolaidis, P. T., Ćuk, I., and Knechtle, B. (2019). Pacing of women and men in half-marathon and marathon races. Medicina (Kaunas) 55:14. doi: 10.3390/medicina55010014

Ramos-Campo, D. J., Sánchez, F. M., García, P. E., Arias, J. A. R., Cerezal, A. B., Clemente-Suarez, V. J., et al. (2014). Body composition features in different playing position of professional team indoor players: Basketball, handball and futsal. Int. J. Morphol. 32, 1316–1324. doi: 10.4067/S0717-95022014000400032

Salinero, J. J., Soriano, M. L., Lara, B., Gallo-Salazar, C., Areces, F., Ruiz-Vicente, D., et al. (2017). Predicting race time in male amateur marathon runners. J. Sports Med. Phys. Fitness 57, 1169–1177.

Suárez, V. C., Campo, D. R., and González-Ravé, J. M. (2011). Modifications to body composition after running an alpine marathon. Int. Sport Med. J. 12, 133–140.

Till, E. S., Armstrong, S. A., Harris, G., and Maloney, S. (2016). Predicting Marathon Time Using Exhaustive Graded Exercise Test in Marathon Runners. J. Strength Cond. Res. 30, 512–517. doi: 10.1519/jsc.0000000000001152

Trehearn, T. L., and Buresh, R. J. (2009). Sit-and-reach flexibility and running economy of men and women collegiate distance runners. J. Strength Cond. Res. 23, 158–162. doi: 10.1519/JSC.0b013e31818eaf49

Vitti, A., Nikolaidis, P. T., Villiger, E., Onywera, V., and Knechtle, B. (2020). The “New York city marathon”: participation and performance trends of 1.2M runners during half-century. Res. Sports Med. 28, 121–137. doi: 10.1080/15438627.2019.1586705

Waskiewicz, Z., Nikolaidis, P. T., Gerasimuk, D., Borysiuk, Z., Rosemann, T., and Knechtle, B. (2019). What motivates successful marathon runners? The role of sex, age, education, and training experience in polish runners. Front. Psychol. 10:1671. doi: 10.3389/fpsyg.2019.01671


Conflict of Interest: 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.

Copyright © 2021 Nikolaidis, Clemente-Suárez, Chlíbková and Knechtle. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Training, Anthropometric, and Physiological Characteristics in Men Recreational Marathon Runners: The Role of Sport Experience



		INTRODUCTION



		MATERIALS AND METHODS



		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		REFERENCES

















OPS/images/fphys-12-666201-g001.jpg
Training units (n)

Weekly training units

L

LR Ll L
-

<3 >3

Finished marathons

Running distance (km)

Weekly running distance

150+

*

Dﬂq

100+ oo
20+
-

<:l3 >3
Finished marathons

SAR (cm)

<3 >3
Finished marathons

BF

Finished marathons





OPS/images/fphys-12-666201-g002.jpg
Skinfold thickness (mm)

Skinfold thickness (mm)

Cheek

Triceps

Finished marathons

Subscapular

>3

Skinfold thickness (mm)

Neck —
E .
2]
L] g L)
. E 1u' L ]
st 2
-Iln:'i " E 5! !l'. .'llll
LT & E "
E -
IE fl-
7
=3 >3 =3

Finished marathons

Chest |

Finished marathons

Skinfold thickness (mm)

>I3

60+

Finished marathons

Skinfold thickness (mm)

>3 <3 >3
Finished marathons

Skinfold thickness (mm)

Finished marathons

Suprailiac

" *
. ;.: :: o )
e fo 0

<3 >3

Finished marathons

Skinfold thickness (mm)

_ Chest Il - Abdomen
E 40 - E 50
404
E 304 . E
] 30+
S 20 5
= = 204
il il
-  10- -
— — 10-‘
i) 2
= 0- £ 0
| | x L ] | ﬁ
>3 0 <3 >3
Finished marathons
Thigh . Calf
204 . E 204
. g "
15+ . o 15
oM _E
10- HE o 10
s =
Pyl e
5- g ) 5
o
0- = 0-
=
| =3 n =3 >3

Finished marathons

Finished marathons





OPS/images/cover.jpg
, frontiers
in Physiology










OPS/images/fphys-12-666201-t001.jpg
Variable NOV (n = 69) EXP (n = 66)

Number of finishes 20+0.8 94+ 7.3t
History of running training (years) 41+£22 974 720
Best time (h:min) 4:20+0:44 3:44 + 0:36%
Weekly training days 41 +1.0 46+ 1.4*
Weekly distance (km) 47.2 £ 161 58.8 + 24.0f
Age (years) 435 +£8.0 452 + 94
Height (cm) 176 £ 5 177+ 7
Body weight (kg) 7785 +8.1 76.4 £ 9.6
BMI (kg m~2) 251 +27 2444 25
BFskinforas (%) 182+ 4.0 172 £ 441
BFgia (%) 146 +4.7 18.0+44
SAR (cm) 193+73 1568498
VOomax (mlmin =1 kg=1) 47.4 £82 49.3+£79
SJ (cm) 248 £4.4 23.9+42
CMJ (cm) 26.6 £4.8 251 +47
Cheek (mm) 8.1 +1.6 8.0+ 21
Chin (mm) 6.8+21 6.8+22
Triceps (mm) 8.9+ 3.0 856+28
Subscapular (mm) 141 £ 568 13.1+£4.7
Pectoral (mm) 11.0+6.2 9.8+5.0
Chest Il (mm) 120+ 862 11.0 44
Abdomen (mm) 23.8 +£9.0 20.6 + 7.9
lliac crest (mm) 199+79 16.7 £ 6.7*
Patella (mm) 101 £2.8 9.9 4+ 3.1
Proximal calf (mm) 75+26 7.0+23

Data are presented as mean + standard deviation. BMI, body mass index; BF,
body fat percentage; VOomax, maximal oxygen uptake; SJ, squat jump; CMJ,
countermovement jump. *p < 0.05, Tp < 0.01, and ip < 0.001.
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