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Abstract

Background: There are limited data on factors that predict an increased risk of multiple injuries among distance runners. The objective of this

study was to determine risk factors that are predictive of individual runners with a high annual multiple injury risk (MIR).

Methods: A retrospective, cross-sectional study at 4 annual (2012�2015) Two Oceans 21.1 km and 56.0 km races in South Africa with 75,401

consenting race entrants. Running-related injury data were collected retrospectively through an online pre-race medical screening questionnaire.

The average number of injuries for each runner every year was calculated by taking a runner’s race entry history and injury history into account

and categorizing entrants into 4 MIR categories (high, intermediate, low, and very low (reference)). Multiple logistic regression modeling (odds

ratios) was used to determine whether the following factors were predictive of a high MIR (average > 1 injury/year): demographics, training and

racing, chronic-disease history (composite chronic disease score (CCDS)), and history of allergies.

Results: Of all entrants, 9.2% reported at least 1 injury, and 0.4% of entrants were in the high MIR category; the incidence rate was 2.5 injuries

per 10 runner-years (95% confidence interval (95%CI): 2.4�2.7). Significant factors predictive of runners in the high MIR category were: run-

ning for> 20 years: OR = 2.0 (95%CI: 1.3�3.1; p = 0.0010); a higher CCDS: OR = 2.2 (95%CI: 2.0�2.4; p< 0.0001); and a history of allergies:

OR = 2.8 (95%CI: 2.0�3.8; p < 0.0001).

Conclusion: Runners who have been running recreationally for > 20 years and those with multiple chronic diseases or a history of allergies were at

higher risk of multiple running-related injuries. This high-risk group can be targeted for further study and possible injury-prevention interventions.
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1. Introduction

In recent years, physical activity has been actively pro-

moted, and the levels of participation by recreational runners

in mass-participation events have increased.1�4

Despite obvious health benefits, running does have a high

risk of injury, with 20%�80% of runners reporting a running-

related injury in a 12-month period.5 The incidence and preva-

lence of gradual-onset running-related injuries (RRIs) have

been extensively reported, as have the demographic- (age, sex,

body mass index (BMI)) and training- (mileage, frequency)
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related risk factors associated with these injuries. In a recent

systematic review, the following general risk factors for RRIs

among long-distance (>20 km/week) runners were identified:

having a previous RRI was the most important risk factor, fol-

lowed by a BMI greater than 26.6 General risk factors among

short-distance (<20 km/week) runners were: previous injuries

not attributed to running, higher BMI, older age, being male,

having no previous running experience, and running volume.6

However, chronic disease as a risk factor for RRIs has been

the subject of far less investigation. In the general population,

obesity, diabetes mellitus, and hypercholesterolemia have

been associated with tendinopathies, a common RRI.7�9 It has

also been reported for the first time recently that chronic dis-

ease can predict gradual-onset musculoskeletal injuries in
ultiple injuries in individual distance runners: A retrospective study of 75,401

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mschwell@iafrica.com
https://doi.org/10.1016/j.jshs.2021.11.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jshs.2021.11.002&domain=pdf
http://www.sciencedirect.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jshs.2021.11.002&domain=pdf
https://doi.org/
https://doi.org/


340 S. Swanevelder et al.
cyclists.10 In 21.1 km and 56.0 km distance runners, the preva-

lence of chronic disease was shown to be as high as 13.1%.

Therefore, underlying chronic disease should be considered in

models when investigating predictors of RRIs.11

Other than risk factors, the methodology of studying and

reporting multiple injuries among pooled individuals in only 1

season has been extensively discussed in a recent systematic

review.12 However, there are very few studies that investigated

or reported multiple injuries per individual runner per year and

over more than 1 season.12 Multiple injuries in distance runners

can, therefore, be defined as individual runners with more than

1 injury per year. The authors are not aware of any studies

where risk factors predictive of runners with multiple injuries

have been investigated. To report an individual annual injury

incidence, it is important to count the number of injuries in indi-

viduals accurately and consistently.12 We acknowledge studies

that have recorded the number of injuries per individual; how-

ever, they have not analysed multiple injuries on the individual

level. We hypothesize that a sub-group of individual runners are

at greater risk of multiple injuries per year. Therefore, the aim

of the present study was to determine predictors of a sub-popu-

lation of runners with a high annual individual multiple injury

risk (MIR) from a group who entered mass community-based

running events over 4 years by using injury data obtained from

a pre-race online medical-screening questionnaire.

2. Methods

2.1. Study design

This retrospective, cross-sectional study used pre-race ques-

tionnaire data collected at 4 annual (2012�2015) Two Oceans

21.1 km and 56.0 km races.

2.2. Participants and data collection

This study forms part of a series of studies known as the

SAFER (Strategies to reduce Adverse medical events For the

ExerciseR) studies. Potential participants for this study were

all entrants for 4 annual (2012�2015) Two Oceans Marathon

(21.1 km and 56.0 km) running events in South Africa. Both

races are run on the same day every year, so a specific runner

could have entered only between 1 and 4 times. In each of the

4 annual races, the race entrants’ demographic data and race-

day data on starters and finishers were obtained with permis-

sion from the race organizers. Demographic and race data are

in the public domain and are available on the race website.13

Entries for the ultra-marathon (56.0 km) race required a

sub-5 h 42.2 km qualifying time; however, entry to the half-

marathon (21.1 km) event was open to all. Consenting

entrants—defined as any runner registering for any of the

annual races from 2012 to 2015—who gave online signed con-

sent for his/her data to be used for analyses were considered as

participants for this study.

2.3. Pre-race medical screening data

As part of the entry process for the 4 annual races from

2012 to 2015, a compulsory online pre-race medical screening
questionnaire and an educational intervention were imple-

mented. Previously described in detail, data collection con-

sisted of information obtained from a compulsory pre-race

medical screening questionnaire or “self-assessment of risk”.14

Injury-related questions were asked, and data were collected

retrospectively. This questionnaire was based on the European

Society of Cardiology (ESC) and the European Association for

Cardiovascular Prevention & Rehabilitation (EACPR) guide-

lines15 and has been described in depth previously, as has the

educational intervention.11,14 Upon completion, participants

were given the opportunity to consent to their data being used

for research purposes.

The Research Ethics Committee of the University of Cape

Town (REC 009/2011, REC 030/2013) approved the protocol,

and the University of Pretoria (REC 433/2015) approved the

on-going data collection and subsequent analysis of the data.

2.4. Self-reported injury data, definition of chronic injury, and

the outcome question

For each of the 4 annual races, when completing the com-

pulsory pre-race medical questionnaire, entrants were asked to

retrospectively self-report on any chronic injuries in the past

year. The definition of a chronic injury was included in the

specific question that each runner was asked: “Do you or did

you suffer from any symptoms of a chronic (no accident) run-

ning injury (muscles, tendons, bones, ligaments, or joints) in

the past 12 months or currently? Note: Only if an injury is/was

severe enough to interfere with running or require treatment,

e.g., use medication or require you to seek medical advice

from a health professional”. Following this initial question,

entrants then had to report detailed information on the specific

injury. An entrant could have reported no injuries, 1 injury, or

up to 3 injuries in any of the years over the 12 months preced-

ing each of the 4 annual races. The questionnaire therefore

allowed entrants to report multiple injuries to a maximum of 3

injuries in a year for each of the 4 years. This meant an entrant

could potentially report between 0 and 12 injuries in the 12

months preceding each of the 4 annual races. Injuries included

first injuries and subsequent injuries (new, recurrent, re-injury,

or exacerbation of an injury).16 The recorded chronic injury/

injuries information was used to define the “entrant’s injury

history” for a specific year. It took into account that year and

the preceding years’ injuries, namely, cumulative injuries over

preceding years and the current year, which resulted in an

entrant’s injury history changing from 1 year to the next year

they entered, akin to a “moving” injury history.

2.5. Definition of MIR as the primary outcome

The average number of injuries in the preceding 12 months

was calculated for each entrant every year by dividing the

number of multiple injuries an entrant reported over the years

(up to the race’s entry year) by the number of years the entrant

accumulated the injuries (Supplementary Table 1). The ave-

rage was reported for each of the possible 4 years the entrant

entered the race and could range from 0 (never injured) to 3 (3

injuries per year and entered for 4 years). We categorized the



Predictors of multiple injuries in runners 341
average number of injuries for each entrant every year (avg)

into 4 MIR categories as follows: very low (never injured,

avg = 0), low (avg < 1), intermediate (avg = 1), and high (avg

> 1) (Supplementary Table 2). The analysis focused on deter-

mining risk factors predictive of a high MIR. High-MIR

entrants have, on average, reported more than 1 annual injury.

The severity of the injury as self-assessed and reported by the

runner had no influence on the calculation and subsequent cat-

egorization of MIR.

2.6. Primary objective: Risk factors predictive of a high MIR

Using data from the screening questionnaire, 4 individual

broad categories of risk factors predictive of high MIR were

explored in this study: Demographics, training load-related

variables, history of chronic diseases, and allergies. More spe-

cifically, demographic variables included sex, age group, and

race distance (half- or ultra-marathon). Training load-related

variables included years of recreational running, frequency of

training/racing per week, weekly training mileage, average

self-reported training speed (km/h), and Two Ocean race expe-

rience (namely, number of times run). The number of years

running recreationally was categorized into 3 categories:

>20 years, 10�20 years, and <10 years. A race entrant was

categorized as “experienced” if the entrant had run 2 or more

Two Ocean races in the past and as “inexperienced” if the

entrant was either a novice to the Two Ocean races or had run

only 1 previous race. Histories of chronic diseases and aller-

gies were obtained from the pre-race medical screening varia-

bles: history of cardiovascular disease (CVD), CVD

symptoms, CVD risk factors, other chronic diseases (meta-

bolic/endocrine, respiratory, gastro-intestinal disease (GIT),

nervous system/psychiatric, kidney/bladder, hematological/

immune, cancer), and allergies. A composite chronic disease

score (CCDS) was calculated as the sum of an individual’s

answers to the 10 chronic-disease questions (CVD risk factors,

CVD symptoms, CVD history, metabolic/endocrine, respira-

tory, GIT, nervous system/psychiatric, kidney/bladder, hema-

tological/immune, cancer), and it ranged from 0 to 10.10,17�19

2.7. Statistical analysis

All data from the 2012�2015 runner and medical question-

naire database were entered into an Excel spreadsheet (Micro-

soft Excel, Microsoft 2010, Redmond, Washington, USA) and

then analyzed using the STATA/SE statistical program (Ver-

sion 15.1, StataCorp LLC, College Station, TX, USA).

The primary outcome (MIR with 4 responses) was previ-

ously described. Because of the multiple outcomes, a multiple

logistic regression was used to estimate odds ratios (ORs) for

3 of the MIR outcomes (high, intermediate, low) in compari-

son to the very low MIR (reference group). Demographic risk

factors that were individually investigated were: sex (unad-

justed), age group (unadjusted), and race distance (adjusted for

sex and age group because the sex and age profiles differed

between the race distances). The models for “years of recrea-

tional running”, experience, CCDS, and allergies were

adjusted for sex, age group, and race distance. The 2 older-age
categories (41�50 years and >50 years) were combined into a

>40 years category because their results were similar.

Although the CCDS was modeled as a numerical risk factor

(0, 1�10) (as described in a previous section), for the purpose

of statistical analysis the CCDS is reported only at scores of 1,

2, and 3 because of the small frequencies of scores of �4.

The correlated structure of the data (i.e., the same runner could

run more than 1 year and have multiple injuries) was accounted

for by specifying that the standard errors allow for intragroup cor-

relation and, thus, specifying that runners with the same ID

belong to the same cluster. Odds ratios (ORs) and (95% confi-

dence intervals (95%CIs) were reported for all results.

A final multiple logistic regression model (ORs, 95%CI)

was run to confirm the results of the univariate analyses. It

included all the univariate risk factors that were significant

(p < 0.01), adjusting for sex, age group, and race distance.

The risk factor “experience” was removed from the final

model because “experience” and “years running recre-

ationally” are correlated, and “years running recreationally”

had a stronger association with a high MIR.

3. Results

Runners (n = 106,743) entered the 4 annual races

(2012�2015), and 75,401 runners gave consent for their ques-

tionnaire data to be analyzed. To determine whether the con-

senting participants from this study were representative of all

race entrants, the 2 groups were profiled by age group, sex, and

race distance, as shown in Supplementary Table 3. There was a

small but significantly higher (p = 0.0009) percentage of half-

marathon entrants (0.7%) who participated in this study, com-

pared to all race entrants. However, the age and sex of all and

consenting entrants were similar. Of the 75,401 consenting race

entrants who took part in this study, 47,333 were unique run-

ners. Of the 10,576 ever-injured race entrants, 7281 entrants had

been injured in the preceding 12 months, and they reported

7623 injuries in total. Although 90% of race entrants were not

injured in the 12 months preceding each of the 4 annual races,

6959 entrants (9.2%) reported 1 injury, 302 entrants (0.4%)

reported 2 injuries, and only 20 entrants (0.03%) reported 3

injuries during this period. The most common anatomical region

where injuries were reported was the lower limb (93% of all

injuries). The 5 most common lower-limb injuries (by body

area) were: knee (32%), shin/calf (20%), foot/ankle (17%),

achilles tendon (10%), and hamstring (8%).

3.1. The frequency and incidence of multiple injuries

Most entrants reported a very low MIR (n = 64,825;

MIR = 83.7%; 95%CI: 83.2�84.2), whereas a few entrants

reported a high MIR (n = 301; MIR = 0.4%; 95%CI: 0.4�0.5).

All other entrants reported an intermediate (n = 5035) or low

(n = 5240) MIR. (Further details of the MIR categories are to

be found in Supplementary Table 4).

The incidence rate (IR) of multiple injuries was 2.5 injuries

per 10 runner-years (95%CI: 2.4�2.7), and the IR for ultra-mar-

athon runners (2.6 injuries per 10 runner-years; 95%CI:

2.5�2.8) was significantly higher than the IR for half-marathon



Table 1

The frequency (%), OR, and 95%CI for each MIR category in race entrants by years of recreational running (adjusted for sex, age group, and race distance).

MIR category >20 years (n = 7289) 10�20 years (n = 22,705) <10 years (n = 44,965)a

n % (95%CI) OR (95%CI) p n % (95% CI) OR (95%CI) p n % (95%CI)

High 65 0.8 (0.5�1.0) 2.5 (1.7�3.7) <0.0001 96 0.4 (0.3�0.5) 1.2 (0.8�1.6) 0.4160 139 0.3 (0.3�0.4)

Intermediate 676 9.5 (8.6�10.4) 1.6 (1.4�1.8) <0.0001 1497 6.4 (6.1�6.8) 1.0 (0.9�1.1) 0.9880 2851 6.4 (6.2�6.7)

Low 847 9.0 (8.2�9.8) 1.4 (1.3�1.6) <0.0001 1635 6.6 (6.2�7.0) 1.0 (0.9�1.1) 0.7330 2720 6.7 (6.4�7.0)

Very lowa 5701 80.8 (79.5�82.1) 1.0 19,477 86.6 (86.0�87.2) 1.0 39,255 86.6 (86.1�87.0)

Note: 442 non-responders with missing data for this question.
a Baseline/reference category.

Abbreviations: 95%CI = 95% confidence interval; MIR =multiple injury risk; OR = odds ratio.
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runners (2.3 injuries per 10 runner years; 95%CI: 2.2�2.5)

(incidence risk ratio = 1.1; 95%CI: 1.1�1.2; p = 0.0002).
3.2. Risk factors predictive of a high MIR: Univariate

analyses

3.2.1. Demographic factors (sex, age groups, and race

distance)

Male runners relative to female runners had similar odds for

being in the high MIR category compared to the very low MIR

category (OR = 1.0; 95%CI: 0.8�1.3; p = 0.9280) (Supplemen-

tary Table 5). The odds for males compared to females in the

low MIR category were higher when compared to the very low

MIR category (OR = 1.2; 95%CI: 1.1�1.2; p < 0.0001).

The frequency, OR, and 95%CI for each MIR category in race

entrants by 3 age groups is shown in Supplementary Table 6, and

by 4 age groups in Supplementary Table 7.

Runners older than 40 years relative to runners � 30 years

have significantly higher odds of being in the high MIR cate-

gory compared to runners in the very low MIR category

(OR = 2.4; 95%CI: 1.7�3.5; p < 0.0001).

The frequency, OR, and 95%CI for each MIR category in

race entrants by race distance (adjusted for sex and age group)

are shown in Supplementary Table 8.

Ultra-marathon runners (56.0 km) relative to half-marathon

(21.1 km) runners have significantly higher odds of being in

the high MIR category compared to the very low MIR category

(OR = 2.1; 95%CI: 1.5�2.9; p < 0.0001). Both the intermedi-

ate and low MIR categories, relative to the very low MIR cate-

gory, have an OR = 1.5 (p < 0.0001) when comparing the

ultra-marathon runners to the half-marathon runners.

3.2.2. Training load, racing history, and Two Oceans

experience

Of the measures of training load that were investigated, the

following were not significantly associated with a high MIR

(p > 0.05): frequency of training or racing per week, weekly

training mileage, and average self-reported training speed

(km/h). However, “years of recreational running” and

Two Ocean’s race experience were both significantly associ-

ated with a high MIR. The frequency, OR, and 95%CI for

each MIR category in race entrants by “years of recreational

running” (adjusted for sex, age group, and race distance) are

reported in Table 1.
Runners who have been running recreationally for > 20 years

have significantly higher odds than runners running recreationally

for< 10 years of being in the high-MIR category as opposed to in

the very low-MIR category, irrespective of age group, sex, or race

distance (OR= 2.5; 95%CI: 1.7�3.7; p < 0.0001). However,

runners who have been running recreationally for between 10 and

20 years did not have significantly higher odds of being in the

high-MIR category as opposed to the very low-MIR category

compared to runners running recreationally for < 10 years

(OR= 1.2; 95%CI: 0.8�1.6; p= 0.4160). The higher the MIR,

the higher the OR is among runners who have run recreationally

for > 20 years. Therefore, a runner with a longer running career

has a higher risk of being in the high-MIR category.

The frequency, OR, and 95%CI for each MIR category in

race entrants by Two Ocean’s race experience (adjusted for

sex, age group, and race distance) are reported in Table 2.

Experienced Two Ocean’s runners, compared to inexperi-

enced Two Ocean’s runners, have significantly higher odds of

being in the high MIR category as opposed to the very low

MIR category, irrespective of age group, sex, or race distance

(OR = 1.7; 95%CI: 1.3�2.2; p < 0.0001).
3.2.3. History of chronic disease and allergies

In our study population, 74.2% of the entrants had a com-

posite chronic disease score (CCDS) of 0 (no chronic disease),

18.5 % had 1 chronic disease, 5.5% reported 2 chronic dis-

eases, and 1.8% had � 3 chronic diseases (Supplementary

Table 9). All the chronic diseases that contribute to the CCDS

are reported in Supplementary Table 10. For runners with an

RRI who had up to 3 chronic diseases (CCDS = 1; 2; 3), the

specific chronic disease risk factors that contributed the most

to the CCDS were: “any CVD risk factors” (19.4%),

“respiratory disease” (14.9%), and “GIT disease” (5.7%).

Results for the CCDS are reported in Table 3, which dis-

plays the CCDS number and OR (95%CI) for each MIR cate-

gory for a CCDS of 1, 2, and 3 (adjusted for sex, age group,

and race distance).

These data show that if a runner with a CCDS of 1 increases

his/her CCDS by 1 unit, the risk of being in the high MIR risk

category as opposed to the very low MIR category increases by

a factor of 2.4 (p < 0.0001). Similarly, if a runner with a CCDS

of 2 increases his/her CCDS by 1 unit, the risk of being in the

high MIR category as opposed to the very low MIR category

increases by a larger factor of 5.7 (p< 0.0001). Also, the higher



Table 3

The OR and 95%CI for each MIR category in race entrants by their composite chronic disease score (adjusted for sex, age group, and race distance).

MIR category

CCDS (n = 75,401)

CCDS = 1b (n = 13,950) CCDS = 2b (n = 4109) CCDS = 3b (n = 1052)

OR (95%CI) p OR (95%CI) p OR (95%CI) p

High 2.4 (2.2�2.6) <0.0001 5.7 (4.8�6.8) <0.0001 13.6 (10.5�17.8) <0.0001

Intermediate 1.7 (1.7�1.8) <0.0001 3.0 (2.8�3.2) <0.0001 5.1 (4.6�5.7) <0.0001

Low 1.4 (1.4�1.5) <0.0001 2.0 (1.8�2.2) <0.0001 2.8 (2.5�3.2) <0.0001

Very lowa 1.0 1.0 1.0

Note: 56,290 entrants had a CCDS = 0 or 4+.
a Baseline/reference category.
b OR for when this CCDS is increased by 1 unit.

Abbreviations: 95%CI = 95% confidence interval; CCDS = composite chronic disease score; MIR =multiple injury risk; OR = odds ratio.

Table 2

The frequency (%), OR, and 95%CI for each MIR category in race entrants by Two Ocean’s race experience (adjusted for sex, age group, and race distance).

MIR category
Experiencedb (n = 7565) Inexperiencedc (n = 67,836)a

n % (95%CI) OR (95%CI) p n % (95%CI)

High 179 0.5 (0.4�0.6) 1.7 (1.3�2.2) <0.0001 122 0.3 (0.3�0.4)

Intermediate 2210 6.5 (6.2�6.8) 1.0 (1.0�1.1) 0.1760 2825 6.9 (6.6�7.1)

Low 4064 11.8 (11.3�12.3) 4.5 (4.2�4.9) <0.0001 1176 2.9 (2.7�3.1)

Very lowa 26,585 81.2 (80.6�81.9) 1.0 38,240 89.9 (89.6�90.3)

a Baseline/reference category.
b Experienced: Ran 2 or more Two Ocean races.
c Inexperienced: Novice or ran only 1 Two Oceans race.

Abbreviations: 95%CI = 95% confidence interval; MIR =multiple injury risk; OR = odds ratio.
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the MIR is, the higher the OR is among runners with increased

CCDSs. This means that an increase in the CCDS correlates

with an increased risk of being in the high MIR category. Fig. 1

shows the steeper increase in risk for runners in the high MIR

category compared to the intermediate and low MIR categories.

The MIR category by history of allergies (adjusted for sex,

age group, and race distance) is reported in Table 4.

Runners with histories of allergies have significantly higher

odds than runners with no histories of allergies of being in the

high MIR category as opposed to the very low MIR category

(OR = 4.5; 95%CI: 3.4�6.1; p < 0.0001). The higher the MIR,

the higher the OR is among runners with histories of allergies.

The risk of being in the high MIR category is also significantly
Fig. 1. The predicted OR for the CCDS for each MIR category compared to

the very low MIR. Continuous composite chronic disease score reported only

up to 3 (right-censored at 3) to make the graph more clear. 95%CI = 95% con-

fidence interval; CCDS = composite chronic disease score; MIR =multiple

injury risk; OR = odds ratio.
different from that of both the intermediate (OR = 1.9; 95%CI:

1.4�2.5; p < 0.0001) and the low MIR categories (OR = 2.5;

95%CI: 1.8�3.4; p < 0.0001).
3.3. Risk factors predictive of a high MIR: Multivariate

analysis

The final multiple logistic regression model included all

significant univariate risk factors (p < 0.01) except for

“experience”, adjusting for sex, age group, and race distance.

The adjusted odds ratios (ORs; 95%CI) of runners with a high

MIR are reported in Table 5.

Three risk factors were significantly associated with a high

MIR: (1) running recreationally for > 20 years as opposed to

< 10 years (OR = 2.0; 95%CI: 1.3�3.1; p = 0.0010); (2) higher

ORs among runners with increased CCDSs (i.e., if a runner

with a CCDS of 1 increases his/her CCDS by 1 unit to 2

chronic diseases, the risk of being in the high MIR risk cate-

gory as opposed to the very low MIR category increases by a

factor of 2.2 (OR = 2.2; 95%CI: 2.0�2.4; p< 0.0001); if a run-

ner with a CCDS of 2 increases his/her CCDS by 1 unit to 3

chronic diseases, the risk of being in the high MIR category as

opposed to the very low MIR category increases by a factor of

4.7 (OR = 4.7; 95%CI: 3.9�5.7; p < 0.0001); and if a runner

with a CCDS of 3 increases his/her CCDS by 1 unit to 4

chronic diseases, the risk of being in the high MIR category as

opposed to the very low MIR category increases by a factor of

10.2 (OR = 10.2; 95%CI: 7.6�13.8; p < 0.0001); and (3) a his-

tory of allergies as opposed to no history of allergies

(OR = 2.8; 95%CI: 2.0�3.8; p < 0.0001).



Table 4

The frequency (%), OR, and 95%CI for each MIR category in race entrants by history of allergies (adjusted for sex, age group, and race distance).

MIR category History of allergies (n = 7565) No allergies (n = 67,836)a

n % (95%CI) OR (95%CI) p n % (95% CI)

High 88 1.2 (0.9�1.5) 4.5 (3.4�6.1) <0.0001 213 0.3 (0.3�0.4)

Intermediate 944 12.7 (11.9�13.5) 2.4 (2.2�2.7) <0.0001 4091 6.0 (5.8�6.2)

Low 753 10.3 (9.5�11.1) 1.8 (1.6�2.0) <0.0001 4487 6.6 (6.4�6.8)

Very lowa 5780 75.8 (74.6�77.0) 1.0 59,045 87.1 (86.7�87.4)

Notes: High vs. Low: OR = 2.5, 95%CI:1.8�3.4, p < 0.0001; High vs. Intermediate: OR = 1.9, 95%CI:1.4�2.5, p < 0.0001.
a Baseline/reference category.

Abbreviations: 95%CI = 95% confidence interval; MIR =multiple injury risk; OR = odds ratio.
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4. Discussion

The aim of our study was to identify individual risk factors that

may be predictive of runners with high MIRs. The main finding

was that independent risk factors predictive of high-MIR runners

included: runners >40 years (OR=2.4; p < 0.0001), ultra-

marathon runners (56.0 km) (OR=2.1; p < 0.0001), recreational run-

ners for> 20 years (OR=2.0; p< 0.0010), higher CCDSs (OR=2.2;

p< 0.0001), and histories of allergies (OR=2.8; p< 0.0001).

Although the majority of runners (86%) had never been

injured over the 4-year period, the overall injury IR was 2.5

injuries per 10 runner-years, and the prevalence of high-MIR

runners (who reported an average > 1 injury per year) was

0.4%. This incidence is relatively low compared to other stud-

ies, which have previously reported between 19.4% and 79.3%

gradual-onset RRI every year, especially in the lower extrem-

ities.5,20�22 Although this finding was not the primary aim of

the study, this discrepancy and the possible differences in pop-

ulations accounting for this discrepancy should be investigated

further.
Table 5

Final multiple logistic regression model: OR and 95%CI for each MIR category in r

Years of recreatio

MIR category >20 years (n = 7289)b

OR (95%CI) p OR (95%

High 2.0 (1.3�3.1) 0.0010 1.1 (0.8
Intermediate 1.5 (1.4�1.7) <0.0001 1.0 (0.9
Low 1.0 (0.8�1.1) 0.5290 0.7 (0.6
Very lowa 1.0 1.0

CCDS

MIR category CCDS = 1c

OR (95%CI) p OR (95%

High 2.2 (2.0�2.4) <0.0001 4.7 (3.9
Intermediate 1.6 (1.6�1.7) <0.0001 2.6 (2.4
Low 1.3 (1.3�1.4) <0.0001 1.8 (1.6
Very lowa 1.0 1.0

History of allergie

MIR category OR (95%CI) p

High 2.8 (2.0�3.8) <0.0001
Intermediate 1.9 (1.7�2.1) <0.0001
Low 1.6 (1.4�1.8) <0.0001
Very lowa 1.0

a Baseline/reference category.
b vs. <10 years as reference category.
c When this CCDS is increased by 1 unit.

Abbreviations: 95%CI = 95% confidence interval; CCDS = composite chronic disea
One of our novel findings was that a history of chronic dis-

ease is predictive of runners with high MIRs. Almost 19% of

all study entrants reported at least 1 chronic disease; however,

among entrants with high MIRs, 26% had 1 chronic disease,

and 9.7% and 3.2% had 2 and 3 chronic diseases, respectively.

If the number of chronic diseases in a runner increased from 1

to 2 (1 unit), the runner’s odds for being in the high MIR cate-

gory as opposed to the very low MIR category would increase

by a significant factor of 2.2. Furthermore, 5% of runners

reported 2 chronic diseases. If they should increase their score

from 2 to 3 (1 unit), their odds for being in the high MIR cate-

gory as opposed to the very low MIR category would increase

by the much larger factor of 4.7. When comparing the interme-

diate MIR to the very low MIR, the odds ratio is 1.6; and com-

paring the low MIR to the very low MIR, the odds ratio is 1.3.

This means that an increase in the CCDS produces a higher

risk of being in the high MIR category. Previous studies have

shown that chronic diseases are common among endurance

runners (an estimated point prevalence of 2.3%�13.1%) and

that 16.1% of these runners had at least 1 risk factor for
ace entrants (adjusted for sex, age group, and race distance).

nal running

10�20 years (n = 22,705)b

CI) p

�1.5) 0.7370
�1.1) 0.6530
�0.8) <0.0001

CCDS = 2c CCDS = 3c

CI) p OR (95%CI) p

�5.7) <0.0001 10.2 (7.6�13.8) <0.0001
�2.8) <0.0001 4.2 (3.8�4.7) <0.0001
�1.9) <0.0001 2.4 (2.1�2.7) <0.0001

1.0

s (yes vs. no)

se score; MIR =multiple injury risk; OR = odds ratio.
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CVD.11 Other studies also specifically report that chronic diseases

like diabetes mellitus and hypercholesterolemia are associated with

injury.7,9 We do realize that most of the runners with chronic dis-

eases are probably also on a number of chronic medications, which

could influence the risk of injury in runners. We recently reported

the relationship between chronic disease and risk of gradual-onset

injury in cyclists.10 In this cycling cohort, it was indicated that the

potential mechanism/s for explaining the relationship between

chronic disease and risk of gradual-onset injuries in recreational

cyclists requires further study.10 There is also evidence that medi-

cations used to treat chronic diseases can be associated with

increased risk of tendinopathies,23�26 ligament injuries,24,26 and

bone-stress injuries.27,28 Hypercholesterolemia, diabetes mellitus,

and metabolic syndrome are chronic diseases associated with

chronic tendinopathy.23,24,29 It is important to note that, because of

our cross-sectional design, we cannot establish a cause-effect rela-

tionship between chronic disease and high risk of MIR in runners.

Another novel finding was that runners with histories of any

form of allergy have significantly higher odds than those with no

histories of allergies of being high MIR runners as opposed to very

low MIR runners. We previously documented an association

between a history of allergies and gradual-onset injury in other

populations of recreational cyclists.10 Allergies are common in the

general population. In a Finnish study, non-elite long-distance run-

ners had a prevalence of allergic disease similar to that of the gen-

eral public.30 In London Marathon runners, 40% of runners had

allergies, as defined by both a positive Allergy Questionnaire for

Athletes and elevated specific immunoglobulin E levels.31 Runners

with allergies are likely to be taking antihistamines, especially

because endurance running is an outdoor activity. One of the oral

sedating H1 antihistamines, Promethazine, has been associated

with severe tissue injury, including gangrene.32 In future research,

the relationship between injury and a history of allergies should be

investigated further.

Another interesting result with respect to training load was

that although neither weekly running mileage nor any of the

other training-related risk factors were predictors of a high

MIR, the number of years running recreationally was. It

was specifically those runners who had been running for

>20 years, irrespective of age group or sex, who had signifi-

cantly higher odds of being high as opposed to very low-MIR

runners, when compared to those who had been running for

<10 years. It has been reported that contrary to popular

beliefs, weekly mileage was not a significant factor for overuse

running injuries.20 Our study supports this result, in that

weekly mileage, frequency of training, and racing per week

were not predictive of being a high-MIR runner. However, our

study does suggest that the number of years a runner has been

running should be further investigated because that might be

predictive of runners who sustain multiple injuries.

This study also found that ultra-marathon runners have signifi-

cantly higher odds of being in the high MIR as opposed to the very

low MIR category relative to half-marathon runners. A previous

study reported that among recreational runners, women reported

injuries at a higher rate than men.20 Our study, however, did not

find any association between sex and high-MIR runners, but we

cannot compare these findings directly to those of previous studies
because we studied runners reporting multiple injuries, and other

studies reported only runners with a single injury. Last, with

respect to age, all 3 older age groups had significantly higher ORs

of being in the high as opposed to the very low MIR category

when compared to the youngest age group (�30 years).
The study has a few specific limitations. First, all data came

from self-reported questionnaires, and the diagnoses of injuries

were not confirmed by health professionals. Although the inju-

ries were self-reported, the reported injuries were cross-

checked with the detailed injury information provided, and

only true injuries were reported in this study. Second, runners

had to recall their training and injury history over the previous

12 months, which could potentially lead to recall bias. Third,

we could not confirm any cause-effect relationships between

the risk factors due to the cross-sectional design of the study.

Fourth, other risk factors that could potentially play roles in

MIR among runners (body mass index), specific medications,

type of training/surface, biomechanics, etc.) were not

addressed in our study. Fifth, we acknowledge that we have

not accounted for recurrent/re-injuries, and have counted only

multiple injuries to a maximum of 3 per year. Sixth, results

from this study are dependent on the definition we chose for a

high-MIR runner, and further investigation could be performed

using different definitions to confirm the results of this study.

However, an important strength of the study is its large sam-

ple size (>75,000 race entrants), which was representative of

the bigger sample of all race entrants (n = 106,743) with respect

to sex and age groups (although there were slightly more half-

marathon than ultra-marathon entrants in our study). Our study

also included 2 endurance-race distances, a shorter half-mara-

thon distance and an ultra-distance (56.0 km). We conducted a

retrospective analysis of data collected at 4 annual races to fol-

low-up on individual runners’ cumulative entries and cumula-

tive injury histories, which produced individual-level incidence

data. This approach addresses previous limitations in injury-

incidence studies that used pooled instead of individual-level

data. We also included multiple seasons as opposed to just 1.12

Last, all our data are online and automated, which will further

enhance analytical methods and reporting in the future.

As far as we know, “high MIR” is a novel term for runners

who have on average > 1 annual injury and, subsequently, has

never before been investigated with respect to risk factors.
5. Conclusion

Independent risk factors that were predictive of high-MIR run-

ners include older age, ultra-marathon distance, running recrea-

tionally for more than 20 years, an increase in the runners’

CCDS, and histories of allergies. Because the term “high MIR”

is relatively novel, we do acknowledge that there may be other

intrinsic factors (e.g., medication use) that could possibly contrib-

ute to being a high-MIR runner. This should be explored further

in future research studies. In the future, when a larger sample size

for specific injuries is available, we will report detailed results

with respect to anatomical area injured and specific running-

related injuries. We also aim to further investigate the contribut-

ing role of specific chronic diseases to a high MIR.
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