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ABSTRACT 

Single nucleotide polymorphisms (SNPs) of collagen genes have been associated with soft-

tissue injury and running performance. However, their combined contribution to running 

performance is unknown. We investigated the association of two collagen gene SNPs with 

athlete status and performance in 1429 Caucasian participants, including 597 competitive 

runners (354 men, 243 women) and 832 non-athletes (490 men, 342 women). Genotyping for 

COL1A1 rs1800012 (C>A) and COL5A1 rs12722 (C>T) SNPs was performed by real-time 

polymerase chain reaction. The numbers of ‘injury-resistant’ alleles from each SNP, based on 

previous literature (rs1800012 A allele, rs12722 C allele), were combined as an injury-

resistance score (RScore, 0 to 4; higher scores indicate injury-resistance). Genotype 

frequencies, individually and combined as RScore, were compared between cohorts and 

investigated for associations with performance via official race times. Runners had 1.34 times 

greater odds of being rs12722 CC homozygotes than non-athletes (19.7% vs. 15.5%, P=0.020) 

with no difference in rs1800012 genotype distribution (P=0.659). Fewer runners had RScore 0 

(18.5% vs. 24.7%) and more had RScore 4 (0.6% vs. 0.3%) than non-athletes (P<0.001). 

Competitive performance was not associated with COL1A1 genotype (P=0.933), COL5A1 

genotype (P=0.613) or RScore (P=0.477). Whilst not associated directly with running 

performance amongst competitive runners, a higher combined frequency of injury-resistant 

COL1A1 rs1800012 A and COL5A1 rs12722 C alleles in competitive runners than non-athletes 

suggests these SNPs may be advantageous via a mechanism that supports, but does not directly 

enhance, running performance. 
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INTRODUCTION 

A cornerstone of sports genomics research is to identify genetic variants that are more common 

in athletes than the general population, under the assumption that specific polymorphisms 

contribute to the attainment of elite performance. Approximately 66% of the variance in athlete 

status is due to genetic factors (15), where heritable differences in anthropometry, 

physiological capacity, training adaptation and/or tissue structure may be advantageous to 

general athletic ability and/or specific sports performance (2) and may also affect injury risk 

(13). The latter is especially important because injuries result in training interruptions, which 

are detrimental to physiological adaptation. Indeed, training experience is associated with 

individual performance in competitive running (21), where two thirds of athletes report that 

their training has been interrupted by injury (30) and where training age (years) is inversely 

related to injury incidence (20). This suggests that the success of runners who reach elite level 

may, in part, be due to avoiding injury. Therefore, whilst polymorphisms associated with elite 

athlete status are typically assumed to augment training adaptations and/or enhance athletic 

performance, a lack of causal evidence means it is also possible that elite competitors are 

genetically more resistant to injury than most. 

  

Ligament and tendon pathologies are amongst the most reported medical conditions in 

the developed world (5) and have serious implications for athletes (14). Distance running has 

a greater risk of overuse injury relative to other activities (8,24), with Achilles tendinopathy 

amongst the most commonly reported (16). Notably, evidence that similar injuries have a 

heritable component of ~40% (23) suggests that genetically susceptible athletes may incur 

more frequent suspension of training, with those at a lower risk of injury able to maximise 

adaptation by sustained adherence to established training principles. Furthermore, it is possible 

that polymorphisms affecting the structure and function of connective tissues could influence 



both performance and injury phenotypes. For example, properties of the muscle-tendon unit 

(MTU), such as increased stiffness, are associated with a wide range of improved lower limb 

performance attributes (11) but may also increase injury incidence (13). It follows that inter-

individual variability in tissue properties has the potential to affect athletes’ likelihood of injury 

and impact their performance. 

 

The critical role of collagen in ligament and tendon (33) suggests that injuries to these 

tissues could be influenced by variation in collagen-encoding genes. Indeed, single nucleotide 

polymorphisms (SNPs) of the collagen Pro-α1 (I) chain (COL1A1) and collagen Pro-α1 (V) 

chain (COL5A1) genes have been associated with collagenous tissue injury. COL1A1 encodes 

the collagen Pro-α1 (I) chain protein, a major component of type I collagen involved in the 

structure of ligament and tendon, and a transversion substitution (rs1800012 C>A) affecting 

the binding site of the Sp1 transcription factor is associated with greater α1 (I) chain mRNA 

and protein production (31). Increased COL1A1 expression is proposed as a mechanistic 

explanation for the reduced risk of ligament injury in carriers of the A allele (17) and rare AA 

genotype (22,39). The relationship of rs1800012 with tendon injuries is less understood, though 

the A allele was also associated, as part of a haplotype, with reduced risk of Achilles tendon 

rupture (22). Together, this suggests that the rs1800012 CC genotype increases injury risk, with 

one or more copies of the A allele conferring protection.  

 

COL5A1 encodes the collagen Pro-α1 (V) chain protein, a major component of type V 

collagen which regulates the diameter of collagen fibrils, and the location of a SNP (rs12722 

C>T) in the 3’ untranslated region suggests it could affect the level, location or timing of 

COL5A1 expression (42). The rs12722 T allele has been associated with greater risk of Achilles 

tendinopathy (34), anterior cruciate ligament (ACL) injury (29,39), and exercise-induced 



muscle cramping (36), but also with faster running times (12,38). The link between the T allele 

and increased COL5A1 mRNA stability (28) underpins a hypothesis that the TT genotype 

influences the mechanical properties of collagenous tissue, including a reduction in the tensile 

strength of ligament and tendon (13). This may explain why the functional T allele and TT 

genotype have been associated with increased soft-tissue injury susceptibility (34,39), and the 

CC genotype with injury resistance. 

 

Despite previous associations with injury and running performance, we are not aware 

of any studies investigating whether the frequency of COL1A1 rs1800012 and COL5A1 

rs12722 genotypes differs between competitive runners and the general population. The 

polygenic nature of performance (44) and injury (35) phenotypes suggests that athletes 

possessing a greater number of favourable alleles from numerous SNPs have a greater chance 

of attaining elite status, either through enhanced performance and/or injury resistance. 

Furthermore, the interaction of types I and V collagen is believed to modulate collagen fibril 

diameter (10), suggesting that genotypes of collagen-encoding genes could also interact and 

affect tissue properties. Therefore, the aim of the present study was to investigate the individual 

and combined associations of the COL1A1 rs1800012 and COL5A1 rs12722 SNPs with athlete 

status and performance in competitive runners. Based on previous associations with reduced 

injury risk, and because injury avoidance reduces training interruptions (21), it was 

hypothesised that the rs1800012 AA and rs12722 CC genotypes would be (i) individually more 

frequent amongst athletes than non-athletes, (ii) observed in combination more frequently in 

athletes than non-athletes and (iii) associated, individually and in combination, with running 

performance.  

 

 



METHODS 

Experimental Approach to the Problem  

The aim of this study was to investigate whether COL1A1 and COL5A1 genotypes previously 

associated with soft-tissue injuries are associated, individually or in combination, with running 

performance. Genotype analysis was conducted in a cohort of competitive runners to 

investigate whether genotype and allele frequencies differed from a sample of non-athletes, 

and whether there was a relationship between athlete genotype and performance according to 

official retrospective records. 

 

Subjects 

This study recruited 1429 Caucasian participants including 597 athletes (mean ± SD; age: 36 

(9) years; height: 1.70 (0.24) m; mass: 60.8 (10.7) kg; 354 males and 243 females) and 832 

non-athletes (age: 30 (16) years; height: 1.72 (0.17) m; mass: 73.6 (14.3) kg; 490 males and 

342 females). All athletes were competitive runners primarily recruited from the London 

Marathon Pre-Race Registration Expo between 2012 and 2014, in addition to national/regional 

athletic clubs and organisations in the UK, and were 92.3 British, 1.0% Irish, and 6.7% from 

other nationalities. Athletes competed in a range of race distances, listing their primary 

competitive event as 800 m (4.4%), 1500 m (7.0%), 3000 m (2.9%), 5000 m (30.2%), 10000 

m (25.6%), half-marathon (8.2%) or marathon (21.7%). Non-athletes were healthy, unrelated 

and recreationally active Caucasian participants including 89.3% British, 8.3% South African 

and 2.4% from other nationalities, and were recruited through mail-outs, posters and word of 

mouth. Genotyping for COL1A1 rs1800012 and COL5A1 rs12722 was performed in 1177 (574 

athletes, 603 non-athletes) and 1159 (541 athletes, 618 non-athletes) participants, respectively, 

with 907 participants (518 athletes, 389 non-athletes) genotyped for both SNPs. Manchester 

Metropolitan University Ethics Committee approved the study, which was conducted in 



accordance with the Declaration of Helsinki (2013) with written informed consent from each 

participant.  

  

Running Performance 

Athletes’ best individual times from competitive outdoor races approved by the International 

Amateur Athletics Federation (IAAF) were accessed using an up-to-date collaborative Python 

programming code 

(https://bitbucket.org/KzMilligan/personalbest/src/master/www.bitbucket.com) linked to 

official online records (www.thepowerof10.info). For male and female athletes, times were 

converted into seconds and compared with the median of the 10 best official race times 

(Best10) recorded at the time of analysis (November 2020) by individual athletes of the same 

sex for each respective distance to remove the exaggerated influence of exceptional 

performances. To control for the fact that participating runners competed in a range of race 

distances, the percentage difference between each athlete’s personal best time (PB) and Best10 

for the same event was calculated (PB time/Best10). For example, a PB of 115.0 represents a 

performance that is 115.0% of (15.0% longer than) Best10 for that distance. For athletes who 

reported PB times for multiple race distances, the PB time closest to Best10 for that distance 

(i.e. with the smallest percentage difference) was selected as the athlete’s best personal best 

(BPB) and used for subsequent analysis. Athlete inclusion criteria for the present study was 

achievement of a BPB performance within 60% of Best10. Information on non-athlete 

participants was collected by self-reported questionnaire. Accordingly, the non-athletes 

included for analysis had no experience in any sport above a very low competitive level. 

 

Procedures 



Blood (68%), buccal swab (23%) or saliva (9%) samples were obtained via the following 

protocols. Blood (5 mL) was drawn from a superficial forearm vein into an EDTA tube and 

stored in sterile tubes at -20°C until processed. Saliva samples were collected into Oragene 

DNA OG-500 collection tubes (DNA Genotek, Ottawa, Ontario, Canada) according to the 

manufacturer’s protocol and stored at room temperature until processed. Sterile buccal swabs 

(Omni swab; Whatman, Springfield, Mill, UK) were rubbed against the buccal mucosa of the 

cheek for ~30 s. Tips were ejected into sterile tubes and stored at -20°C until processed. 

 

DNA isolation and genotyping 

DNA isolation was conducted using the Qiagen QIAcube spin protocol (Qiagen, West Sussex, 

UK) performed using the QIAamp DNA Blood Mini kit according to manufacturer 

instructions. Real-time polymerase chain reaction (PCR) genotyping was performed using a 

StepOnePlus (Applied Biosystems, Paisley UK) or Fluidigm EP1 system (Fluidigm, CA, 

USA).  

 

StepOnePlus protocol 

In 10 µl reactions, 5 µl of TaqMan GTXpress Master Mix or Genotyping Master Mix, 4.3 µl 

of nuclease-free H2O (Qiagen) and 0.5 µl of TaqMan SNP assay (Applied Biosystems) were 

mixed with participant DNA solution and pipetted into individual wells of a 96-well plate. 

Adjustments were made to volumes of H2O and DNA solution depending on sample origin, 

i.e. blood, saliva or buccal. Thermocycling conditions using Genotyping Master Mix were 

95°C for 10 min then 40 cycles of 15 s at 95°C and 1 min at 60°C. Using GTXpress Master 

Mix, conditions were 20 s at 95°C then 50 cycles of 3 s at 95°C and 20 s at 60°C. Allele-

specific probes identified by VIC/FAM dyes identified alleles of interest on the forward strand 

for COL5A1 rs12722 as 5'-CACACCCA[C/T]GCGCCCCG-3' and for COL1A1 rs1800012 as: 



5'-CGCCC[A/C]CATTC-3'. Genotyping calls were performed using StepOnePlus analysis 

software version 2.3. All samples were genotyped in duplicate and each run contained three 

positive controls and one negative control. All duplicates were in 100% agreement. 

 

Fluidigm Protocol 

Analysis was performed using a Fluidigm EP1 system and Biomark 192.24 GT Dynamic Array 

Integrated Fluid Circuit (IFC) (Fluidigm, Cambridge, UK). A mix of 2 μL GTXpress Master 

Mix (Applied Biosystems), 0.2 μL Fast GT Sample Loading Reagent (Fluidigm), 0.2 μL 

nuclease-free H2O and 1.6 μL purified DNA (or H2O as control) was pipetted into each well of 

the IFC. Additionally, 1.78 μL TaqMan SNP Genotyping assay (Applied Biosystems), 1.78 μL 

Assay Loading Reagent (Fluidigm) and 0.18 μL ROX (Invitrogen, Paisley, UK) were 

combined per assay inlet. An integrated fluid circuit controller RX (Fluidigm) mixed samples 

and assays using a Load Mix (166x) script before PCR was performed using a real-time FC1 

Cycler (Fluidigm) GT 192X24 Fast v1 protocol. Thermocycling was 95°C for 120 s before 45 

cycles of 2 s at 95°C and 20 s at 60°C. End-point analysis was completed using Fluidigm SNP 

Genotyping Analysis software version 4.5.1. All samples were assayed in duplicate and there 

was 100% genotype agreement between duplicates. 

 

Injury Resistance Score (RScore) 

Based on previous literature (17,22,29,34,39), an injury-resistance score (RScore) was 

calculated for each participant from their rs1800012 and rs12722 genotypes. Specifically, the 

genotypes associated with injury resistance (rs1800012 AA, rs12722 CC) each possess two 

copies of the protective allele and were considered most injury resistant. Accordingly, a 

maximum RScore of 4 was only possible in participants of rs1800012 AA and rs12722 CC 

genotype. A linear trend was applied to the remaining genotypes so that the heterozygous 



genotypes for each SNP (rs1800012 CA, rs12722 TC) were scored 1, and the homozygous 

genotypes with no injury-resistant alleles (rs1800012 CC, rs12722 TT) scored 0. Accordingly, 

the five possible RScores were 0, 1, 2, 3 and 4 based on the number of protective alleles 

possessed when combining both SNPs, and a superior RScore indicates lower risk of injury. 

 

Statistical Analysis 

Genotype distributions and allele frequencies were compared between athletes and non-athletes 

by χ2 goodness-of-fit tests with Bonferroni adjustment to control for multiple comparisons. The 

χ2 test of independence was used to determine Hardy-Weinberg equilibrium, to investigate 

whether genotype frequencies differed between males and females in either cohort, and to 

investigate the association of RScore with athletic status. Odds ratios (OR) were calculated 

when genotype or RScore frequencies differed significantly between groups. Differences in 

athlete and non-athlete characteristics were investigated using independent samples t-test. One-

way analysis of variance was used to investigate whether athletes’ BPB was associated with 

individual genotypes or RScore. All statistical analyses were performed using R (version 

3.5.1). P values < 0.05 were considered statistically significant. All data are presented as mean 

(standard deviation). 

 

RESULTS 

Participant characteristics are presented in Table 1. In males, athletes were ~7 years older (36 

(9) and 29 (5) years, respectively; P < 0.001) and ~13 kg lighter (66.1 (8.9) and 78.9 (12.9) kg, 

respectively; P < 0.001) than non-athletes. In females, athletes were ~3 years older (35 (10) 

and 32 (18) years, respectively; P = 0.017) and ~13 kg lighter (53.1 (8.2) and 66.0 (12.9) kg, 

respectively; P < 0.001) than non-athletes.  

 



Genotype distributions met Hardy-Weinberg equilibrium for COL1A1 and COL5A1 in 

both athletes and non-athletes (P ≥ 0.184). No differences in genotype frequency were observed 

between between male and female athletes (P ≥ 0.679) or non-athletes (P ≥ 0.663). The 

COL5A1 CC genotype was more common in athletes than non-athletes (19.8% vs. 15.5%, OR 

= 1.34, P = 0.020, Figure 1), with no difference in COL1A1 genotype distribution between 

athletes and non-athletes (P = 0.659, Figure 1). In participants genotyped for both SNPs (n = 

907), athletes had lower odds of having an RScore 0 (18.5% vs. 24.7%, OR = 1.45) and higher 

odds of having an RScore of 4 (0.6% vs. 0.3%, OR = 2.01) than non-athletes (P < 0.001, Figure 

2). Athletes’ BPB was not associated with COL1A1 genotype (P = 0.933), COL5A1 genotype 

(P = 0.613) or RScore (P = 0.477, Table 2).  

 

TABLE 1 ABOUT HERE 

TABLE 2 ABOUT HERE 

FIGURE 1 ABOUT HERE 

FIGURE 2 ABOUT HERE 

 

 

DISCUSSION 

The aim of this study was to investigate whether the injury-resistant COL1A1 rs1800012 and 

COL5A1 rs12722 genotypes were associated with the athletic status of competitive runners, 

and whether these SNPs are, individually or in combination, associated with performance. The 

main findings were that athletes had 1.45 greater odds of having at least one injury-resistant 

allele than non-athletes. However, neither individual SNPs nor RScore were directly related to 

athlete performance. Athletes had 1.34 greater odds of being COL5A1 CC genotype than non-

athletes, with no difference in COL1A1 genotype distribution according to athlete status. These 

findings suggest that competitive runners have ~2 times greater odds of possessing the 



combination of injury-resistant COL1A1 AA and COL5A1 CC genotypes than non-athletes, 

and that the COL5A1 CC genotype may be advantageous to competitive runners via a 

mechanism independent of performance enhancement per se. Nonetheless, the limited number 

of athletes with the optimal combination of genotypes suggests other factors, including 

additional beneficial genetic variants, probably contribute more to elite athlete status. 

 

The rs1800012 AA and rs12722 CC genotype combination was more common in 

athletes than non-athletes. Previous associations of each genotype with lower risk of injury 

(17,22,29,32,34) informed our hypothesis that possessing both genotypes would offer the 

greatest injury resistance and be advantageous for competitive running, because fewer training 

interruptions would allow athletes to maximise physiological adaptation through sustained 

adherence to established training principles (16). However, less than 1% of participants 

genotyped for both SNPs, and only 0.6% of athletes, had the optimal combination of rs1800012 

and rs12722 genotypes. Therefore, whilst the likelihood of possessing both genotypes is limited 

by a low rs1800012 minor allele frequency, the majority of competitive runners in the present 

study had one or more COL1A1 and/or COL5A1 ‘risk’ alleles. Although it appears that 

possessing favourable genotypes at both rs1800012 and rs12722 may be advantageous to a 

small proportion of athletes, alternative genotype combinations at these SNPs do not appear to 

hinder the ability of most distance running athletes. This suggests that the combined influence 

of these ‘injury resistant’ COL1A1 and COL5A1 genotypes on running athlete status is small. 

 

Higher frequency of the COL5A1 CC genotype in runners than non-athletes suggests 

this genotype may be advantageous. Indeed, the CC genotype was previously associated with 

a lower incidence of exercise-associated muscle cramping in ironman and ultra-marathon 

athletes (36) and with elite rugby status (25). We hypothesised that the rs12722 CC genotype 



would be more common in athletes than non-athletes due an apparent protective effect against 

soft-tissue injuries (29,32,34), which are common in distance runners (8,24). In non-athletes, 

one study found greater quadriceps muscle-tendon stiffness in T allele carriers than CC 

homozygotes (26), whilst another found no association with the volume or elastic modulus of 

the patellar tendon (19). However, whether COL5A1 genotypes affect the mechanical 

properties of athletes’ tendons and other tendons involved in running, such as the triceps-surae 

tendon (18), remains unknown. Without injury records we cannot confirm that 

overrepresentation of the CC genotype in athletes is due to an injury-protective mechanism. 

Nevertheless, because exercise-associated muscle cramping (36) and the risk of ligament (29), 

tendon (34) and skeletal muscle injuries (32) are shown to be lower for CC homozygotes, we 

support Heffernan and colleagues (25) in proposing that soft-tissue injury resistance is likely 

to contribute to the association of rs12722 with athlete status. 

 

No association was observed between COL1A1 and COL5A1 genotypes or RScore with 

athletes’ BPB, indicating that neither SNP, individually or in combination, influences the 

competitive performance of distance runners. Despite associations with ligament injury (17), 

tendon injury (22), muscle strength (6) and bone mineral density (45), we are unaware of 

literature investigating COL1A1 rs1800012 and athletic performance. Some (12,38), but not 

others (9), report associations of COL5A1 rs12722 with running ability. Specifically, TT 

homozygotes ran fastest during an ironman triathlon (38) and completed an ultra-marathon 

faster (12) than CC and CT genotypes, but neither running economy nor VO2max were related 

to rs12722 genotype (9). In the ultra-marathon cohort, the T allele was associated with reduced 

range of motion and better performance (12), with authors suggesting that this supports the 

relationship between muscle-tendon stiffness and running economy (4) as a mechanistic link 

to endurance running. Although we found no association of rs12722 with performance, it is 



possible that the CC genotype is advantageous for longer duration running events such as an 

ironman or ultra-marathon, but not shorter events. Indeed, rs12722 was associated with 

performance during the marathon section of a 226 km ironman triathlon (38) and a 56 km ultra-

marathon (12), although not with shorter events in our investigation, nor with non-athletes’ 

running economy during 10 min of treadmill running (9). Theoretically, increased muscle-

tendon stiffness in TT homozygotes as proposed by Collins and colleagues (13) may enhance 

force transmission during ground contact, minimising changes in muscle fibre length and thus 

energy cost (18), which could offset or delay muscular fatigue. Therefore, COL5A1 variants 

might affect the contribution of collagenous tissue to running mechanics (43) in longer duration 

events. 

 

Whilst not directly associated with performance within runners, our data demonstrate 

that the COL5A1 CC genotype is nevertheless more common in competitive runners than non-

athletes. Some SNPs have been associated with running performance (40,41), with others 

demonstrating no relationship (37) or being solely associated with endurance athlete status (1). 

Athlete status is highly heritable (3,15) and elite athletes in particular are defined as such due 

to the achievement of elite performance. However, it remains possible that the association of 

polymorphisms with athlete status may not necessarily be due to performance-enhancing 

benefits. Indeed, most participants with the optimal combination of injury-protective COL1A1 

and COL5A1 genotypes (RScore 4) were athletes, but neither genotype was associated directly 

with performance, and the COL5A1 CC genotype was more frequent in athletes than non-

athletes yet was also unrelated directly to performance. This suggests that the COL5A1 CC 

genotype provides an advantage to runners, that is enhanced in combination with the rare 

COL1A1 AA genotype, which could be due to the influence of both SNPs on the mechanical 

properties of collagenous tissue and their relationship to injury resistance. It is also pertinent 



to consider the influence of environmental factors on athletic performance and injury 

resistance, including training periodisation, recovery strategies and nutritional support. 

Adherence to these established principles also contributes to the attainment of athlete status, 

and adherence is likely to be strongest when injuries are less frequent and less severe. Thus, a 

greater frequency of the COL5A1 CC genotype in competitive runners suggests that the 

rs12722 SNP may be one of many genes that contribute to the heritability of athlete status 

(3,15). 

 

This study is the first to investigate the combined association of COL1A1 and COL5A1 

SNPs with performance and athlete status in runners. However, we acknowledge some 

limitations. Firstly, a lack of injury records means we are unable to evaluate directly whether 

genotype and RScore link to the athlete status extended phenotype via the intermediate 

phenotype of injury resistance. We also recognise that our association data would be 

complemented by measures of range of motion, flexibility and tendon properties to provide 

greater context regarding potential underlying mechanisms, particularly considering the 

previous relationship between COL5A1 genotype, flexibility and running performance (12,38). 

Despite restricting our sample to Caucasian participants and recording data on nationality, we 

recognise that population stratification may influence our results, whereby the genotype 

differences between groups might also be influenced by geographic ancestry. It is also 

acknowledged that the candidate-gene approach cannot quantify the polygenic interaction of 

multiple genes, nor the possibility that epigenetic modifications at specific polymorphisms may 

also be important to physical performance and/or injury resistance, and we consequently 

advocate genome- and epigenome-wide association studies in order to address circumvent such 

constraints. Finally, low frequency of the rs1800012 A allele means that only a small 



proportion of the several hundred athletes in our investigation were AA homozygotes, which 

may limit the ability to detect associations with athlete status and/or performance. 

 

PRACTICAL APPLICATIONS 

Competitive runners appear more likely to possess a beneficial combination of injury-resistant 

COL1A1 rs1800012 AA and COL5A1 rs12722 CC genotypes than non-athletes. With neither 

SNP nor any combination of genotypes associated with running performance directly, our 

findings suggest that variants of collagen-encoding genes may offer an advantage to runners 

that is not itself performance-enhancing. In line with previous work, we suggest that this 

combination of genotypes may be associated with greater injury-resistance in competitive 

runners and, thus, continued sporting competition via more sustained adherence to established 

training principles. 
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FIGURE LEGENDS 

 

Figure 1. Genotype distributions of (i) COL1A1 rs1800012 and (ii) COL5A1 rs12722 in non-

athletes and athletes. *CC genotype 4.2% more common and TT genotype 2.6% less common 

in athletes than non-athletes (P = 0.022). 

 

Figure 2. RScore distribution in non-athletes and athletes. *RScores 1, 2, 3 and 4 more 

common in athletes than non-athletes (P = 0.001). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. Participant characteristics of athletes and non-athletes. Values are presented as mean ± standard 

deviation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Age (years) Height (m) Mass (kg) 

Athletes    

Male 36 (9) 1.75 (0.24) 66.1 (8.9) 

Female 35 (10) 1.62 (0.22) 53.1 (8.2) 

Non-athletes    

Male 29 (15) 1.78 (0.18) 78.9 (12.9) 

Female 32 (18) 1.64 (0.11) 66.0 (12.9) 



Table 2. Best personal best (BPB) performance according to individual COL1A1 and COL5A1 genotypes and 

injury-resistance score (RScore). Values are percentage (%) of Top10 presented as mean ± standard deviation. 

 

COL1A1 rs1800012 

CC CA AA 

122.3 ± 8.9 122.1 ± 9.3 121.7 ± 7.7 

COL5A1 rs12722 

TT TC CC 

122.7 ± 10.2 122.7 ± 8.6 121.7 ± 8.6 

RScore 

0 1 2 3 4 

124.3 ± 10.5 121.5 ± 8.5 122.6 ± 8.5 123.6 ± 9.0 114.6 ± 2.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 


