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INTRODUCTION

Regular physical activity is associated with multiple health
benefits and reduces the risk of non-communicable dis-
ease (NCDs)."? A “dose” of >150 minutes of moderate
intensity endurance activity per week is recommended for
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Abstract

Background: Gradual-onset Achilles tendon injuries (GoATIs) in runners are
common. Data show that chronic diseases are associated with GoATI.
Objective: To determine risk factors associated with a history of GoATIs
among long-distance runners (21.1 and 56 km) entering a mass community-
based running event.

Methods: Online pre-race medical screening questionnaire data from 76,654
consenting Two Ocean Marathon race entrants (71.8% entrants) were col-
lected prospectively over 4 years (2012-2015); this cross-sectional study is a
retrospective analysis of these data. A total of 617 entrants (0.8%) reported a
GoATI in the last 12 months; 60,635 entrants reported no history of any running
injury (controls). Categories of factors associated with GoATIl were explored
(univariate and multiple regression analyses): demographics (age group, sex,
race, distance), training/racing history, and history of allergy, history of chronic
disease, and Composite Chronic Disease Score. Prevalence and prevalence
ratios (PRs; 95% ClI) are reported.

Results: Factors associated with a higher prevalence of a history of GoATI
(univariate analysis vs. controls) were older age (>31 years) (p < .001), male
sex (PR =1.76; p<.001), and longer race distance (56 km vs. 21.1 km)
(PR = 2.06; p <.001). Independent factors associated with a history of GoAT]
(multiple regression) were increased years of recreational running (PR = 1.17
for every 5-year increase, p < .001), higher Composite Chronic Disease Score
(PR =2.07 for every 2-unit increase, p<.001), and allergy history
(PR =1.98 p <.001).

Conclusion: Novel independent factors associated with a history of GoATI in
distance runners were increased years of recreational running, chronic disease
history, and allergy history. Runners at risk for GoATI could be targeted for
injury prevention interventions. Future studies should focus on establishing a
causal relationship.

the prevention and treatment of NCDs."~ Distance run-
ning is an easy, low-cost, and easily accessible endur-
ance activity that can be performed at the “prescribed”
dose.*” The ease of accessibility and simplicity of run-
ning has led to an increase in the popularity of running
events in many countries.>®
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A potential negative side effect of running is the
development of a gradual-onset running-related muscu-
loskeletal injury (RRMI).> An RRMI can be described as
musculoskeletal pain within the lower extremities,
attributable to running-related activities such as training
or competitive engagement, resulting in an impinge-
ment upon or cessation of running endeavors (inclusive
of aspects such as distance, velocity, duration, or train-
ing regimens) for a minimum duration of 7 days or over
the course of three successive scheduled training ses-
sions, or necessitating the runner’s recourse to medical
consultation with a physician or other qualified health
care practitioner.>'® The most common anatomic
region for RRMI is the lower limb, particularly below the
knee."” The majority of RRMIs are as a result of repeti-
tive cycles of tissue loading with insufficient repair,
resulting in accumulated tissue damage. These injuries
typically present with progressive symptoms over time,
have a complex multifactorial etiology, and are classi-
fied as gradual-onset injuries.®'?

Gradual-onset Achilles tendon injury (GoATI) is
reported as the second most prevalent RRMI, and results
in significant time off from training and racing.”®> GoATls
are often caused by repetitive microtrauma to the tendon
without sufficient time to recover.®® GoATI can be suc-
cinctly characterized as a compromised reparative pro-
cess marked by the erratic expansion of tenocytes,
irregularities in tenocyte behavior leading to the distur-
bance of collagen fiber integrity, and the subsequent aug-
mentation of non-collagenous matrix constituents.
GoATIs typically present with progressive pain that
develops over days or weeks, and can be persistent and
even result in cessation of activity if pain is severe.'>
Several risk factors associated with GoATls have been
identified, and GoATls are generally the result of a combi-
nation of both internal and external risk factors.'® Identi-
fied internal risk factors for GoATls are age, sex, body
weight, compromised capacity to regulate tissue tempera-
ture, systemic disease, muscle strength, flexibility, previ-
ous injury, anatomic variants, blood supply to the tendon,
and certain genetic traits.’®"” Identified external risk fac-
tors are training errors, equipment, and running surfaces,
with more recent reports of increased risk of injury when
athletes use certain medications, such as fluoroquinolone
antibiotics.®'®'® Recent studies report that chronic dis-
ease and allergies are associated with a history of
gradual-onset injuries in runners and cyclists, 22 but this
has not been reported for GoATls. There are some
reports in the non-athletic population linking GoATls to
chronic diseases such as diabetes, hyperuricemia, and
obesity.'®?32* The clinical importance of determining
associated risk factors is to develop injury-mitigation strat-
egies for individuals where physical activity prescription is
particularly important for the prevention and treatment of
chronic diseases.

The purpose of this study is to determine risk factors
associated with GoATls in endurance running race

entrants, particularly the Two Oceans Marathon races.
Specific risk factors are entrant demographics (sex,
age group, race distance), training-related variables
(years of recreational running, weekly running distance,
running speed), and history of chronic disease or
allergies.

METHODS
Study design and ethical considerations

Data were collected prospectively over 4 years (2012—
2015), and this cross-sectional study is a retrospective
analysis of these data. This study forms part of a larger
research program, known as the SAFER (Strategies to
reduce Adverse medical events For the ExerciseR)
studies.?® The Research Ethics Committees of both the
Faculty of Health Sciences at the University of
Cape Town (REC number 431/2015) and the Faculty
of Health Sciences of the University of Pretoria (REC
number 513/2018) approved the study.

Participants (selection and description)

The Two Oceans Marathon (ultra-marathon of 56 km
and half-marathon of 21.1 km) are popular races in
South Africa that take place annually in the late sum-
mer and attract many race entrants.

Study participants

In the 4-year period of this study (2012—2015), 106,743
entrants entered for one of two race distances (21.1 or
56 km) and 76,654 entrants who were recreational run-
ners gave consent for their data to be analyzed
(21.1 km [n = 64,740] and 56 km [n = 42,003]) (overall
response rate of 71.8% of all race entrants).The
median training frequency of the included entrants in
the study was 4 times per week and median weekly
running volume was 40 km.

Data collection (pre-race medical screening
questionnaire)

All participants completed a compulsory online pre-race
medical screening questionnaire during the study period
(2012—2015). The purpose and rationale for implementing
the questionnaire has been described.?®>?° Briefly, the
purpose of the screening questionnaire was to identify
entrants who are at potential increased risk of acute medi-
cal complications. The questionnaire was designed using
the guidelines for cardiovascular evaluation of middle-
aged/senior individuals engaged in leisure-time sport
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activities (Position stand from the European Association
of Cardiovascular Prevention and Rehabilitation),?” along
with data from previous studies on distance run-
ners.262%29 Recommended in these guidelines is the
inclusion of a pre-screening question on musculoskeletal
symptoms. We elaborated on this question to include
information about specific running-related injuries in the
previous 12 months. The final screening questions
included the following: running ftraining/racing history,
medical history (history of chronic cardiovascular disease
[CVD]), risk factors for CVD, symptoms of CVD, respira-
tory disease, metabolic or hormonal disease, gastrointes-
tinal tract disease, nervous system disease, renal or
bladder disease, hematological or immune system dis-
ease, cancer, allergies (respiratory allergies or allergies to
certain medications, animal or plant materials), or general
medication use for chronic disease and injury history
(in the previous 12 months).

Defining the study groups (injured and control)

The pre-race screening questionnaire included a spe-
cific question on injury history in the past 12 months, as
follows: “Do you or did you suffer from any symptoms
of a running injury (muscles, tendons, bones, liga-
ments, or joints) IN THE PAST 12 MONTHS OR CUR-
RENTLY? 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.” If an entrant responded “yes” to
the question related to a running injury in the past
12 months, they were directed to a further dropdown list
of common running-related injuries and asked to select
the specific injury/ies from the following list: “patellofe-
moral pain, iliotibial band (ITB), plantar fasciitis, Achilles
tendon injury, lower back pain, hip muscle injury
(including gluteus/buttock muscles), hamstring injury,
quadriceps muscle injury, calf muscle injury, shin
splints (bone), shin splints (muscle/tendon), lower leg
compartment syndrome, foot pain, heel pain, or other”
injury. A total of 739 entrants selected “Achilles tendon
injury,” and these entrants were considered for possi-
ble inclusion in the history of GoATI group. To reduce
the risk of over-reporting and to improve the self-
reported diagnosis of the injury, we also used data
obtained from a question on treatment to control the
over-reporting of GoATIs. Entrants were asked to
select treatment modalities for the injury from a list.
Most of the treatment modalities listed could be admin-
istered only by a health professional, for example, sur-
gery, cortisone injection, other injection, physiotherapy,
and orthotics. If an entrant selected one or more treat-
ment modalities that could be administered only by a
health professional, we considered the self-reported
diagnosis of the specific injury to be “verified” by a
health care professional. Of the 739 entrants who

selected “Achilles tendon injury,” 617 (83.5%) were in
the category where the diagnosis of GoATI was “veri-
fied” by a health care professional. These entrants
were selected as the GoATI study group (n = 617). Of
the 76,654 entrants, 60,635 have never been injured;
this was our control group. Entrants reporting other
specific injuries and non-verified GoOATIs were
excluded from the analyses, resulting in an entrant
sample of 61,252,

Measures of outcome

The primary outcome was a history of GoATI in the past
12 months among long-distance running race entrants.
The following four categories of independent variables
of interest as factors associated with a history of GoATI
were explored. (1) Demographics (age groups, sex,
race distance). (2) Running training/racing history vari-
ables (years of recreational running, years of participa-
tion in distance running events, average number of
training sessions per week in the last 12 months, aver-
age weekly distance in the last 12 months, and
increased average running speed). (3) History of
chronic disease (history of existing CVD, risk factors for
CVD, symptoms of CVD, respiratory disease, endo-
crine disease, gastrointestinal tract disease, nervous
system or psychiatric disease, kidney or bladder dis-
ease, hematological system disease or immune system
disease, cancer, and allergies). (4) We calculated a fur-
ther variable, a Composite Chronic Disease Score
(CCDS), which is a score out of 10 and represents a
continuous variable of the sum of an individual’'s
answers to 10 questions pertaining to a history of
chronic diseases (any risk factors for CVD, history of
existing CVD, symptoms of CVD, endocrine disease,
respiratory disease, gastrointestinal tract disease, ner-
vous system/psychiatric disease, kidney/bladder dis-
ease, hematological/immune system disease, and
cancer).

By reporting these outcomes, we acknowledge that
we cannot make any causal inference to guide injury
prevention interventions specifically.*® In reporting on
the outcomes in this article, we use the terminology
“prediction” instead of “association,” based on recently
published guidelines regarding clear goal setting in
sports injury research.°

Statistical analysis

All questionnaire data were entered into an Excel
spreadsheet (Microsoft 2010) and analyzed using the
SAS v9.4 statistical program. Only data for consenting
running race entries were used for analysis. All race
entrants’ data were entered into Excel and then trans-
ferred to the SAS (V.9.4) statistical analysis system.
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The binary-scaled dependent variable in the model was
the response to the question related to GoATI, and
entrants were coded as having a GoATI if they
reported (1) a GoATI in the past 12 months or (2) a
current GoATl (n=617). The control group of
entrants have never been injured (n = 60,635).
Entrants who reported any other running injuries or
GoATIs that were not treated by a professional health
care provider were excluded from all analyses, result-
ing in a final sample of 61,252. The denominator for
the overall prevalence included all entrants who
reported never being injured as well as all entrants
who reported injuries that were not confirmed GoA-
Tls. Prevalence ratios (PRs) were calculated as the
measure of association. Univariate unadjusted preva-
lences (% and 95% Cls) and PRs were reported for
age group, sex, race distance, running training/racing
history, history of chronic diseases, and history of
allergies using a Poisson regression model with a log
link function. Using only highly significant risk factors
(p < .01, due to the small sample size) from the indi-
vidual univariate models, a multiple regression model
was performed to determine independent risk factors
associated with a history of GoATI. Consequently, for
the final multiple regression model, only years being
a recreational runner and the CCDS as well as an
interaction term for allergy history and race distance
were entered, adjusting for age group and sex. The
reported level of significance is 5%.

RESULTS
Study participants

We conducted a retrospective analysis to determine if
the participants in this study were representative of all
race entrants (2012-2015). The demographics (race
distance, sex, and age group) of the participants in this
study were compared against all race entrants in the
TOM (2012—-2015) (Table 1).

Our study entrants differed from all race entrants.
There was an over-representation of female entrants,
younger age group, and 21.1 km race entrants in our
study entrants compared to all race entrants
(Table 1).

Risk factors associated with a history of
GoATIs in distance runners (univariate
analysis)

Demographics (sex, age group) and race
distance (univariate analysis)

A total of 617 verified GoATls were reported. The
period prevalence of a history of GoATls among race

entrants in the past 12 months was 0.76% (95% ClI:
0.70-0.83).

The number (n), prevalence (%; 95% CI) and PR
(95% CI) of running race entrants with a history of GoA-
Tls by sex, age group, and race distance are depicted
in Table 2.

The main observation is that there is a higher PR of
a history of GoATls among the following subgroups
of entrants: male sex (PR = 1.55, p <.001), older age
(PR = 3.67, p <.001), and longer race distance (56 vs.
21.1 km) (PR = 2.07, p < .001).

Running training/racing history (univariate
analysis)

The number (n), prevalence (%; 95% CI), and preva-
lence ratio (PR; 95% CI) of running race entrants with a
history of GoATls by running training/racing history is
presented in Table 3.

The unadjusted univariate results show that several
training variables are associated with a history of GoA-
Tls. The highest PR of a history of GoATIs was associ-
ated with increased years of being a recreational
runner (PR = 1.28 for every 5-year increase in years of
recreational running; p <.001) and increased average
weekly training/running distance in the last 12 months
(PR = 1.07 for every 10 km increase in weekly training
distance; p < .001).

History of chronic disease and allergies
(univariate analysis)

The number (n), prevalence (%; 95% CI), and preva-
lence ratio (PR; 95% CI) of entrants with a history of
GoATIs by CCDS and any allergies is presented in
Table 4. Table S1 shows these adjusted for age group
and sex.

The main observation from Table 4 is that a his-
tory of several chronic diseases is associated with a
history of GoATls. Specifically, the crude unadjusted
analysis showed that the highest PR of a history of
GoATIs is associated with a history of chronic dis-
eases in the following organ systems: gastrointesti-
nal tract (PR = 4.37; p <.001), any nervous system/
psychiatric disease (PR = 3.30; p <.001), any kid-
ney/bladder disease (PR = 2.93; p =.002) and any
risk factor for CVD (PR = 2.92; p <.001), any respi-
ratory disease (PR = 2.48; p <.001), any history of
CVD (PR =2.19; p =.014), any symptoms of CVD
(PR =1.99; p=.079), and any cancer (PR = 1.80;
p =.112). In addition, a history of any allergies
was associated with a higher PR of GoATIs
(PR =2.73; p <.001).

A higher CCDS (sum of all chronic diseases as a
score out of 10), is associated with a higher prevalence
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TABLE 1 Characteristics of all running race entrants, consenting race entrants (study participants), and not included race entrants by sex,
age group, and race distance.
Consenting Consenting Not included
All race race study race
entrants entrants entrants entrants
(n = 106,743) (n = 76,654) (n = 61,252) (N = 45,491)
Characteristics n % n % n % n % pvalue* pvalue* pvalue***
Sex Male 61,815 57.9 44,042 575 34,921 57.0 26,894 59.1 .052 <.001 <.001
Female 44,928 421 32,612 425 26,331 43.0 18,597 40.9
Age <30 27,710 26.0 20,168 26.3 16,880 276 10,830 0.364 .364 <.001 <.001
?rOUP) 31-40 35049 328 25045 327 20,060 32.8 14,989 33.0
ears
y 41-50 26,964 253 19,340 252 15165 248 11,799 259
250 17,020 15.9 12,101 15.8 9147 149 7873 17.3
Race 21.1km 64,740 60.7 47,069 614 39,133 63.9 25,607 0.001 .001 <.001 <.001
distance  g5gxm 42003 394 29585 386 22,119 361 19,884 437

*p value: All race entrants versus consenting race entrants.
**p value: All race entrants versus consenting study entrants.

*kk

p value: All race entrants versus not included entrants.

TABLE 2 The number (n), prevalence (%; 95% CI), and prevalence ratio (PR; 95% ClI) of race entrants with a history of GoATlIs by sex, age

group, and race distance.

Consenting study

entrants (n = 61,252)

GoATI (n = 617)

Characteristics n n Prevalence (%) (95% Cl) PR (95% CI) p value
Entrant demographics
Sex Female 26,331 202 0.79 (0.68-0.91) 1.55 (1.29-1.85) <.001*
Male 34,921 415 1.22 (1.10-1.36)
Age groups (years) <30 16,880 70 0.44 (0.35-0.56) 1.99 (1.51-2.64) <.001*
31to <40 20,060 172 0.88 (0.75-1.03)
41 to <50 15,165 230 1.56 (1.36—1.79) 3.52 (2.68-4.62)
=51 9147 145 1.63 (1.37-1.94) 3.67 (2.74-4.93)
Race distance
21.1 km 39,133 288 0.75 (0.66-0.85) 2.07 (1.75-2.44) <.001*
56 km 22,119 329 1.55 (1.38-1.74)

Abbreviation: Cl, Confidence Interval; GoATI, Gradual onset Achilles Tendon Injury; PR, prevalence ratio.

*Significant difference.

TABLE 3 The prevalence (%; 95% Cl) and prevalence ratio (PR; 95% ClI) of race entrants with a history of GoATI by running training/racing

history (univariate analysis).

Points in the

GoATIs (n = 617)

Running training/racing history continuous variable? Prevalence (%, 95% ClI) PR (95% CI) p value
Number of years as a recreational 3 0.71 (0.63-0.79) 5-unit increase 1.28 (1.23-1.32) <.001
runner (years) 6 0.82 (0.74-0.91)
13 1.15 (1.06-1.26)
Average weekly training/running 20 0.92 (0.83-1.01) 10-unit increase 1.07 (1.05-1.10) <.001
distance in the last 12 months 35 1.02 (0.93-1.11)
(km/week)
50 1.12 (1.03-1.23)
Average training speed (km/h) 9 1.03 (0.94-1.13) 1-unit increase 1.00 (0.98-1.03) 779
10 1.04 (0.95-1.13)
)

11

1.04 (0.96-1.13

Abbreviation: Cl, Confidence Interval; GoATI, Gradual onset Achilles Tendon Injury; PR, prevalence ratio.
@Points on the continuous variables are the first quartile, median, and third quartile for each training variable.
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TABLE 4 The number (n), prevalence (%; 95% Cl), and unadjusted prevalence ratio (PR; with 95% CI) of running entrants with a history of
GoATI by history of chronic disease and allergies (unadjusted).

Consenting race

entrants (n = 61,252)

GoATI (n =617)

Prevalence
Characteristics n n (%; 95% CI) PR (95% Cl) pvalue
History of chronic disease
CCDS (0-10)* 46,951 308 0.79(0.77-0.86)  2-unitincrease <.001
2727 86  2.42(2.16-2.72) 3.08(2.73-3.48)
131 4 7.48(6.02-9.28)
1. Any risk factor for CVD Yes 6394 163  2.50(2.13-2.93) 2.92 (2.44-3.50) <.001
No 54,241 454  0.86 (0.78-0.94)
2. Any history of CVD Yes 898 20 2.22(1.43-3.45) 2.19(1.40-3.42) .014
No 59,737 597  1.02(0.93-1.11)
3. Any symptoms of CVD Yes 529 12 2.04(1.14-3.66) 1.99 (1.10-3.59) .079
No 60,106 605 1.02(0.94-1.12)
4. Any endocrine disease Yes 1504 22 1.45(0.94-2.23) 1.42(0.91-2.20) 184
No 59,131 595 1.02(0.94-1.12)
5. Any respiratory disease Yes 4704 111 2.29(1.89-2.77) 2.48 (2.09-3.05) <.001
No 55,931 506 0.92(0.84-1.01)
6. Any GIT disease Yes 1192 55 4.21(3.19-5.57) 4.37(3.27-5.85) <.001
No 59,443 562  0.96 (0.88-1.05)
7. Any nervous system/psychiatric disease  Yes 1145 42 3.25(2.34-4.51) 3.30(2.354.62) <.001
No 59,490 575  0.99 (0.90-1.08)
8. Any kidney or bladder disease Yes 691 22 296 (1.93-4.53) 2.93 (1.90-4.52) .002
No 59,944 595 1.01(0.93-1.10)
9. Any hematological or immune disease Yes 393 5 1.39(0.63-3.08) 1.35(0.61-3.00) 534
No 60,242 612 1.03(0.95-1.12)
10. Any cancer Yes 845 15 1.84(1.07-3.15) 1.80 (1.04-3.09) 12
No 59,790 602  1.02(0.94-1.11)
History of allergies
Any allergies Yes 5058 130 2.44(2.03-2.94) 2.73(2.22-3.35) <.001
No 55,577 487  0.90 (0.82-0.98)

Abbreviations: CCDS, Composite chronic disease score; Cl, Confidence Interval; CVD, cardiovascular disease; GIT, gastrointestinal disease; GoATI, Gradual onset

Achilles Tendon Injury; PR: prevalence ratio

@Points on a continuous variable, therefore, no number of participants in the groups.

of a history of GoATlIs in running race entrants, in a _ 40
dose-dependent manner (Figure 1). Specifically, for Q
every two additional chronic diseases, the prevalence & 30
of a history of GoATls increased on average 3 times. S

g 20

Q
Independent factors associated with a §
history of GoATIs (multiple regression s 10
analysis) £ |

o bt
The independent risk factors associated with a history 0 1 2 3 4 5 6
of GoATIs in the past 12 months are reported in Composite Chronic Disease Score (CCDS)
Table 5. P
Independent risk factors associated with a history of ¢\ yRE 1 The relationship between prevalence (%) of a history

GoATIs in running race entrants were increased years
of being a recreational runner (PR = 1.18 for every

of gradual-onset Achilles tendon injuries (GoATlIs) and the Composite
Chronic Disease Score (shaded area is 95% CI).
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TABLE 5 Independent risk factors associated with a history of
GoATIs in the past 12 months adjusting for sex, age group, and race
distance (multiple regression analysis).

Risk factor PR (95% CI) p value

Running training/racing history

Number of years 3 5-unit increase <.001
asa 6 1.18 (1.12-1.23)
recreational
runner (y)

History of chronic disease

Composite 0 2-unit increase <.001
chronic 2 2.73 (2.38-3.14)
disease

score (0-10) 4

History of allergies

Allergies Yes (21.1km) 1.78(1.30-2.44) <.001
No (21.1 km)
Yes (56 km) 2.76 (2.06-3.71)  <.001
No (56 km)

Abbreviation: Cl, Confidence Interval; PR, prevalence ratio.

5-year increase, p < .001), a higher CCDS (PR = 2.73,
p <.001), and history of allergies for the 21.1 km
entrants (PR=1.78, p<.001) and for the 56 km
entrants (PR = 2.76, p <.001).

DISCUSSION

Our study’s first finding was that male sex, older
age, and longer race distance were all associated
with a history of GoATls. Independent factors asso-
ciated with a history of GoATIs were increased
years of recreational running, a higher CCDS, and
a history of allergies for the 21.1 and 56 km
entrants.

Factors associated with a history of
GoATIs in race entrants

Demographics (sex, age group) and race
distance

We report that male sex, older age, and longer
race distance (56 vs. 21.1 km) were all associated
with a history of GoATls (p <.001). These risk fac-
tors have been identified in prior studies.’3"32 |n
a recent large prospective cohort study, it was
found that the incidence of Achilles tendinopathy
increased with greater event distance, and it was
noted that the incidence was highest in runners
registered for a marathon (odds ratio 1.7,
p =.014).32

Training and racing history

In our study we investigated multiple training and racing-
related factors. We report that the following training vari-
ables are associated with a history of GoATls: increased
years of participation in distance running events, increase
in years of recreational running, increased average
weekly training/racing frequency in the last 12 months,
and increased average weekly running distance in the
last 12 months. These findings are similar to those that
have been reported before.>®3! Training errors such as
increases in weekly volume and/or intensity and training
sessions consisting of too much uphill or downhill running
are associated with gradual-onset tendon injuries in run-
ners.®' Future research should continue to explore train-
ing variables/training errors, perhaps using larger sample
sizes, and their cause—effect relationship to GoATls.

History of chronic disease

Our univariate analysis shows that a history of several
chronic diseases including gastrointestinal tract dis-
ease, any allergies, any risk factors for CVD, respira-
tory disease, and history of any nervous system or
psychiatric disease are associated with a higher PR of
a history of GoATls: The inclusion of individual chronic
diseases in the multivariate model was not possible
due to the small sample size, but when a CCDS was
included, we observed that for every two additional
chronic diseases a running race entrant reported, the
PR of a history of GoATls increased 2.73 times. Prior
studies have demonstrated that chronic disease is
common among endurance athletes.?® Recent
research has found chronic disease is associated with
a history of non-specific gradual-onset injury in both
runners and cyclists.'®"?2 Our data are novel and report
this association with a specific injury: GoATI.

A growing body of evidence links metabolic disor-
ders (diabetes, hyperuricemia, and obesity) to tendon
degeneration.?>3%=3° Achilles tendinopathy is one of
the musculoskeletal manifestations in patients with
inflammatory bowel disease.®® There is also limited evi-
dence showing that a reduced creatinine clearance
capacity due to renal dysfunction is associated with
Achilles tendinopathy.®” In our study, we could not
determine the biological plausibility or cause—effect
relationship between chronic disease and GoATIs
because this was a cross-sectional study. We encour-
age future research to explore possible causal relation-
ships between specific chronic diseases and GoATIs.

Allergies

Finally, we report that a history of allergies is associ-
ated with a higher risk of a history of GoATls. This
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agrees with recent reports that also demonstrated that
allergies are associated with a history of non-specific
gradual-onset injuries in endurance athletes.'®238 A
high prevalence of allergies and asthma has been
found in high-level athletes, particularly those involved
in endurance sport.>® However, we can only speculate
the biological plausibility or cause—effect relationship
between allergies and GoATIs. The higher PR
reported for a history of allergies in the 56 km running
race entrants could be due to a greater exposure to
airborne allergens, as these entrants will have likely
spent more time outdoors training.*? The allergy itself
and/or the treatment modality could be responsible for
the increased injury risk. The treatment for allergic
rhinitis and asthma can involve the use of topical and
systemic corticosteroids,***" which have been impli-
cated in tendon damage.>**? Furthermore, antihista-
mines are used in the treatment of allergies, which could
lead to drowsiness or fatigue during training and/or
racing. This fatigue could lead to lower strength of the
working musculature and poor postural control and pro-
prioception, predisposing the athlete to injury.**** The
role of histamine during acute exercise and adaptation
to exercise training has recently been highlighted.*>~*’
Histamine receptor blockers are used to treat allergies
and these drugs may influence recovery after exercise.
This may be associated with increased risk of gradual-
onset injury. Future studies should aim to determine pre-
dictions between allergies, treatment modalities of aller-
gies, and GoATls.

STUDY LIMITATIONS, STRENGTHS, AND
FUTURE RESEARCH
RECOMMENDATIONS

We acknowledge limitations to the study. Data were
self-reported, and this may have introduced recall bias.
There was an over-representation of female partici-
pants, younger age groups, and 21.1 km race entrants.
This needs to be considered when generalizing results
across all entrants. We also acknowledge that a trained
clinician did not diagnose injuries. To improve the accu-
racy of the self-reported diagnosis of the injury, we
used data obtained from a question on treatment to
control the over-reporting of GoATIs. Entrants were
asked to select treatment modalities for the injury from
a list. Most of the treatment modalities listed could be
administered only by a health care professional, for
example, surgery, cortisone injection, other injection,
physiotherapy, and orthotics. If an entrant selected one
or more treatment modalities that could be adminis-
tered only by a health care professional, we considered
the self-reported diagnosis of the specific injury to be
“verified” by a health care professional. For future stud-
ies, we recommend the use of a prospective cohort
design and randomized clinical trials as the preferred

study designs to determine the causal relationships
between the risk factors and GoATIs in distance
runners.

CONCLUSION

Independent factors that are associated with a history
of GoATls in distance runners are more years of being
a recreational runner, a history of chronic diseases,
and a history of allergies. Runners with these factors
are more susceptible to GoATIs and could be targeted
for future injury-prevention interventions. Future studies
should focus on establishing a causal relationship
between these factors and GoATls in runners.
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