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Methods: lllness and training data from 152 trail runners (120 males, 32 females) were collected every 14 days over
30 weeks using the updated OSTRC-H questionnaire. [llness prevalence (%), incidence (I: per 1000 trail running ex-

I;fé"‘:\:l)erﬁsc.e posure-days), incidence ratio (IR), severity [% time-loss; illness burden (IB: days lost/1000 trail running exposure-
Incidence days)], and associated risk factors are reported.
Respiratory infections Results: Over 30 weeks, 52 % of runners reported illness, with a mean two-week all-illness prevalence of 10.1 %. The
Time-loss overallillness incidence was 7.2 (95 % Cl: 5.7-9.2). The winter-to-summer IR was 1.6 (p = 0.022). Illness incidence
Risk factors in females (I = 9.7) was higher than in males (I = 6.6), with a female:male IR of 1.5 (p < 0.05). Most illnesses af-
fected the respiratory (64.3 %), digestive (15.9 %) and musculoskeletal (5.7 %) systems. Moderate illness severity
(8-28 days time-loss) occurred in 29.3 % of runners. The overall IB was 43.2 days lost. BMI >25 kg/m? was associ-
ated with illness, but no significant illness risk factors were identified via Poisson regression.
Conclusions: During a 30-week training period, 52 % of runners reported illness, with a higher incidence in females.
The respiratory tract accounted for > 60 % of illnesses. One in three trail runners experienced > one week time-loss.
Ahigher BMI > 25 kg/m? was associated with illness. Further research is needed to identify risk factors and develop
prevention strategies.
© 2025 Published by Elsevier Ltd on behalf of Sports Medicine Australia.
Practical implications 1. Introduction
* Prioritise respiratory health monitoring Trail running is a popular outdoor running mode categorised as off-
« Screen for high-risk profiles early road running.! The International Trail Running Association (ITRA)
* Tailor strategies for females and higher-BMI runners defines trail running as running primarily on natural terrains, such as
* Inform trail running guidelines forests, mountains, or deserts, with no more than 20 % of the route

on paved roads.? It often involves longer distances and significant

elevation changes.!? Trail runners are exposed to environmental haz-

ards, including extreme weather, water crossings, insect-borne infec-
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illness medical encounters (MEs) in trail runners on race days. During
the 2023 World Mountain and Trail Running Championships, 16 % of
athletes from the Spanish and French trail running teams reported ill-
ness, and 12 % were forced to withdraw due to major health issues.'®
A recent systematic review found that the overall illness incidence
ranged between 65.0 and 95.4 illnesses/1000 running hours, with trail
runners mostly reporting digestive system symptoms such as nausea
and vomiting.®

Training load changes may increase an athlete's risk of injury and
illness."” Whilst training for extreme conditions, the training load
often increases in race preparation, subsequently increasing the trail
runner's susceptibility to illness.!? Exercise intensity also contributes
to a change in core body temperature.'? A slight decrease in hydration
levels can negatively affect physiological functioning and performance
during trail running in hot conditions.'? The remote locations, steep el-
evations, descents, and logistical problems to evacuate trail runners
with illness encounters justify the need for clear information specifically
on illness amongst trail runners during their training and race
preparation.’>!3 The inability to complete a race was associated with
an existing pre-race acute systemic illness amongst road runners.'®

The current body of literature on trail running primarily addresses
running-related injuries®!4"1¢ and, to a lesser extent, illness,!” with
most studies focusing on occurrences either immediately before or dur-
ing race-day events.® Only one study specifically explored the frequency
of injuries and illnesses in trail runners during the four weeks of training
immediately preceding a competition.'® This study also compared ill-
ness rates between male and female trail runners and found no differ-
ences between the sexes.'® However, no studies have prospectively
investigated the incidence or burden of illness in trail runners during
training, nor have any explored the association between age and illness
risk in this athletic population. This study aimed to address these gaps
by prospectively determining the prevalence, incidence, clinical charac-
teristics and illness severity (time-loss and burden) amongst South Af-
rican male and female trail runners across various age groups over a
30-week training period. Additionally, the study also explored the po-
tential associations and risk factors for illness amongst trail runners.

2. Methods
2.1. Study design

A prospective cohort study was conducted amongst recreational
trail runners in South Africa between 20 November 2018 and 19 August
2019. This study formed part of an investigation that focused on the ep-
idemiology, clinical characteristics, and associated injury risk factors
amongst trail runners and followed the same methodology.'®

2.2. Participants and data collection

The updated Oslo Sports Trauma Research Center Questionnaire for
Health Problems (OSTRC-H) was used once every 14 days to collect ill-
ness and training history data.?® South African recreational trail runners
were targeted via selected social media platforms, TRAIL magazines, and
the South African trail running organisation. Participants had to be 18 +
years old, training towards a trail race of 21 km or more, reflecting
a clear intent to train mainly on trail terrain. Individuals had to be pro-
ficient in English and have fortnightly email access (once every 14 days)
to enable them to receive the secure link to the follow-up question-
naires. Participants were not excluded based on the type or amount
of training in preparation for their selected race. Respondents who
submitted an incomplete baseline questionnaire or did not submit at
least one follow-up questionnaire were excluded from the study. The
study was approved by the Research Ethics Committee of the Faculty
of Health Science at the University of Pretoria approved this study
(REC469/2018) and conducted in accordance with the Declaration of
Helsinki.
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The information and consent form and baseline questionnaire
(Supplementary File S1: Online consent form and baseline questionnaire)
were completed using any internet-connected device, such as a com-
puter, tablet, or smartphone. Responses were automatically recorded
and stored in real-time on the Qualtrics platform. Baseline demographic
information (sex, age and weight), running experience (years of actively
running, years of trail running), training history and current chronic
conditions were recorded. Standard BMI categories were used.?'*? Data
from the baseline questionnaire were used to screen for eligibility to
participate in the study.

Subsequently, participants received a link via email once every
14 days to an online follow-up questionnaire hosted on the Qualtrics
platform (Supplementary File S2: Online follow-up questionnaire).
This process continued for a constant follow-up period of 30 weeks. In
each questionnaire, trail runners provided self-reported data covering
the previous two weeks, including the following information: (1) train-
ing exposure [total number of training sessions on trails (n) and road
(n); total running distance (km); average running pace (min/km)];
(2) illness (body system, any symptoms and specific clinical diagnoses),
new and recurring over the preceding two weeks; (3) time-loss illness
(no time-loss, time-loss >1 day), and illness severity in time clusters
of mild (1-7 days), moderate (8-28 days) and severe (>28 days).
Participants not responding to the email within three days received a
reminder email in an attempt to gather missing data.

Dynamic sampling allowed participants to enter the study at differ-
ent time points with a constant follow-up period of 30 weeks, i.e. the
first “two-week period” for one participant aligned with the first
“two-week period” for another participant.

In this study, illness was defined as a health problem experienced by
participants unrelated to an injury.?®> Runners presenting with illness
were included in the analysis regardless of the presence of concurrent
injury. Injury data were recorded but not analysed, as the study focuses
exclusively on illness. Since athletes remain at risk of contracting
illnesses outside of sport participation, exposure for the period of partic-
ipation in this study, rather than time engaged in training, was
considered.?® If athletes enrolled with an illness, it was counted as a
new illness. Accounting for the potentially prolonged nature of illness
symptoms when calculating incidence rates, illnesses were considered
recurring if the same person reported the same illness within a 4-
week period. Illness reported outside of the 4-week period was re-
corded as new illnesses. In participants suffering from more than one ill-
ness, the first illness was recorded as the primary illness and the second
illness as a secondary illness. Trail runners were grouped into males and
females, and the following age categories: Open (18-39 years), Vet-
erans (40-49 years) and Masters (50 + years). Trail runners who did
not report any illness in the two weeks before data collection were clas-
sified as part of the non-ill control group, against whom comparisons
were made.

2.3. Participant flow diagram

o . Once every 14 days trail I
Qualifying Trail runners runners self-reported: Study continued

recreational trail completed a U over a follow-up
runners joined baseline i) training exposure period of 30
study at different questionnaire if) illness weeks.
entry points. =165 iii) days lost due to illness =152

Response rate=67%

2.4. Outcome measures

The response rate (%) for the 15 two-week periods was calculated
by dividing the number of respondents by the total number of invites
for each period, averaged across the 15 time periods. If participants
failed to respond within a two-week interval, it was considered a “no
response”. These participants were not included in calculating response
rate results within each two-week period.
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For trail running exposure, the average running pace (min/km) mul-
tiplied by the running distance (km) was used to calculate the mean
running duration (hours) for each specific two-week period. A period
of 60 min running was recorded as 1 h exposure.

The illness prevalence (% runners; 95 % CI) was calculated by dividing
the number of participants reporting an illness by the total number of
respondents during each specific two-week period multiplied by 100.
The mean prevalence was calculated by totalling the illness prevalence
across all two-week periods and dividing the total by the number of
two-week periods.

Total running exposure-days was calculated as the total number of
two-week exposure periods completed by the runner multiplied by 14
days, indicative of the assessment period, e.g. if a participant completed
all 15 two-week exposure periods, each lasting 14 days, the total expo-
sure-days would be 210. Exposure-days were used to calculate illness
incidence (per 1000 trail running exposure-days; 95 % CI) for all new
and recurrent illnesses. The incidence ratio (IR; 95 % CIs) is a relative dif-
ference measure used to compare the incidences of illnesses between
two different groups, as reported by the IOC consensus statement.'®

The frequency of illness (n; %) for body systems, clinical symptoms,
specific diagnoses, time-loss illness, and illness severity time clusters
was reported as specified by the 2020 International Olympic Committee
(I0C) consensus statement for methods of reporting epidemiological
data of illness in sports.?>

Time-loss was documented two-weekly at the time of entry and
categorised as no time-loss or >1-day time-loss to running or train-
ing. For illness severity, time-loss was grouped in time clusters of
mild (1-7 days), moderate (8-28 days) and severe (> 28 days). Illness
burden (IB) was reported as the number of days lost per 1000 trail
running exposure-days (95 % CI).

Regarding associated illness risk factors in trail running, the partici-
pants' demographic profile (sex, age and BMI), running experience
(years of actively participating in running, years of trail running), chronic
disease, and two-weekly running exposure (number of running sessions,
hours of running, running distance, and running pace) were used.

2.5. Statistical analysis

All data were analysed via counts using SAS statistical software
(version 9.4; Cary, NC), with only complete forms included. The re-
sponse rate (%) for each of the two-week periods (total of 15 periods),
baseline demographics, running experience and medical history of all
participants are presented as mean (SD) or counts.'® Participants’
running exposure for frequency, distance and duration of running are
presented as mean and 95 % CI. Illness data were reported as the total
number of illnesses, percentage of total illness, total number of athletes
with an illness, illness prevalence and illness incidence for total
participants, male and female participants, age categories, and further
categorised as new or recurring illnesses. Illness incidence for running-
related variables is categorised by the 25th, 50th and 75th percentiles.
Frequency and illness incidence for the primary organ systems, and fre-
quency of a specific diagnosis and doctor confirmed diagnosis are also
provided. The Chi-square test was used to explore statistically significant
associations between demographic and training-related variables of
males vs. females (road and trail running experience, presence of chronic
disease, two-weekly frequency of running sessions, distance run, and
duration of running). Incidence analyses were performed using Poisson
regression with the PROC GENMOD procedure and a log link function.
To account for trail runners who reported multiple illnesses during the
prospective study period, a repeated subject statement was incorporated
into the model. All results reported were from univariate Poisson models
and included a scale parameter, due to some modest overdispersion.
Univariate unadjusted incidence (with 95 % CI) was reported for overall
illness, as well as by sex, age, and affected organ systems. The IR (with
95 % CI) was provided where significant differences were observed
between subgroups. Seasonal illness incidence was calculated for the
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summer/spring and winter/autumn months with an associated IR.
A Chi-square test was used to explore if associations between ill and
non-ill participants existed for age category, BMI category (<25.0 and
>25.0 kg/m?), running experience, trail running experience and previous
chronic disease. Risk factors for illness were investigated using Poisson
regression modelling. Only variables showing a significant univariate
association were included in the model, and gender and age categories
were adjustment variables. Significance was set at p < 0.05.

3. Results
3.1. Response rate

Of the 165 runners who completed the baseline questionnaire, 152
were eligible (92.1 %). The mean participant response rate over 15
two-week periods was 67.4 % (95 % Cl: 59.8-74.9). The lowest response
rate was recorded in the 15th period (37.5 %) and the highest in 1st
period (100 %). Overall, 1660 questionnaires were received, of which
74 were incomplete, and 26 had no follow-up questionnaires.

3.2. Demographics and trail running exposure

In total, 152 qualifying participants [78.9 % males (n = 120); 21.1 %
females (n = 32)] completed 1560 valid questionnaires over 15
two-week periods. Although 41.4 % (n = 63) of runners had more
than 5 years of total running experience, only 16.4 % (n = 25) had sim-
ilar years of experience in trail running. Twenty-six (17.1 %) participants
reported having a chronic disease, including hypercholesterolemia
(28.9 %), hypertension (21.1 %), asthma (18.4 %), hypothyroidism
(7.9 %), and diabetes (5.3 %). The mean running session frequency
was 6.5 (95 % CI: 6.0-7.0), considering all forms of running per two-
week period. The mean trail running session frequency per two-week
period was 2.6 (95 % CI: 2.3-3.0). On average, participants ran distances
of 70.2 km (95 % Cl: 62.8-77.7) with an average running duration of
6.5 h (95 % CI: 5.8-7.1). The BMI amongst males was significantly
higher compared to females (p < 0.001) (Table 1).

3.3. Prevalence and incidence of illness

In total, 79 participants (52 %) contracted 157 illnesses in the
30 weeks. A total of 121 new illnesses and 36 recurring illnesses
were recorded. Of the 157 illnesses reported, 154 (98.1 %) were pri-
mary, and 3 (1.9 %) were secondary. The mean prevalence of all illnesses
assessed every two weeks was 10.1 % (95 % Cl: 8.6-11.5). Females had a
higher mean prevalence for illness, 13.1 % (95 % CI: 9.5-17.0), than
males, 8.9 % (95 % CI: 7.6-10.8).

The incidence of all illnesses was 7.2/1000 trail running exposure-
days (95 % CI: 5.7-9.2). Females presented with a statistically signifi-
cantly higher illness incidence (9.7/1000 trail running exposure-days)
than males (6.6/1000 trail running exposure-days). The IR of females
to males was 1.5 (95 % ClI: 0.9-2.5; p < 0.05) (Table 2). Illness incidence
was significantly higher in autumn/winter (8.8; 95 % CI: 6.6-11.7)
compared to spring/summer (5.7; 95 % CI: 4.3-7.6), with a winter-to-
summer IR of 1.6 (95 % CI: 1.1-2.2; p = 0.022).

3.4. Incidence of new and recurring illness between age groups

There was no statistically significant difference in the illness inci-
dence between the age categories of participants who reported new
and recurring illnesses. Although not statistically significant, runners
aged 18-39 years had a lower incidence of all (IR = 0.8), and new ill-
nesses (IR = 0.7), but a higher incidence of recurring illnesses than
the 50 + aged runners (IR = 1.3). Similarly, the 40-49 age category
had a 21 % and 30 % lower incidence for all illnesses and new illnesses,
and a 32 % higher incidence for recurring illness, compared to the
50+ aged trail runners (Table 3).
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Table 1
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Baseline data (demographic profile, running experience, medical history) and trail running exposure (frequency, distance, and duration of running) of all study participants over 15 two-week

periods (n = 152).

Characteristics All participants Female Male p-Value
n =152 n=32 n =120 (Male vs. female)

Baseline data (demographic profile, running experience, medical history)
Age (yrs) 37.1(9.1) 359 (8.8) 374(9.2) 0.402
Mean (SD)
Height (cm) 177.6 (8.4) 167.8 (5.6) 180.2 (7.0) <0.001*
Mean (SD)
Weight (kg) 76.3 (11.7) 63.4(7.3) 79.7 (10.2) <0.001?
Mean (SD)
BMI (kg/m?) 24.1 (2.8) 22.5(24) 24.6 (2.7) <0.001*
Mean (SD)
Total running experience 0-2 yrs 37 (24.3) 10(31.2) 27 (22.5) 0.396
n (%) >2to5yrs 52 (34.2) 8 (25.0) 44 (36.7)

>5yrs 63 (41.4) 14 (43.8) 49 (40.8)
Trail running experience 0-2yrs 66 (43.4) 12 (37.5) 54 (45.0) 0.745
n (%) >2to5yrs 61 (40.1) 14 (43.8) 47 (39.2)

>5yrs 25 (16.4) 6(18.8) 19 (15.8)
Chronic disease® Yes 26 (17.1) 7(21.9) 19 (15.8) 0.588
n (%) No 126 (82.9) 25 (78.1) 101 (84.2)
Trail running exposure (frequency, distance, and duration of running)
Frequency (running sessions/two-week period) 6.5 (6.0-7.0) 6.4 (5.3-7.6) 6.5 (5.9-7.1) 0.744
Mean (95 % CI)
Frequency (trail running sessions/two-week period) 2.6 (2.3-3.0) 2.5(1.9-3.0) 2.6 (2.2-3.1) 0.909
Mean (95 % CI)
Distance (km/two-week period) 70.2 (62.8-77.7) 59.1 (45.7-72.5) 73.2 (64.5-81.9) 0.175
Mean (95 % CI)
Duration (h/two-week period) 6.5 (5.8-7.1) 5.8 (4.7-6.9) 6.7 (5.9-7.4) 0.419

Mean (95 % CI)

n - number of runners; % - percentage; mean (SD) - standard deviation; mean (with 95 % confidence interval); BMI - body mass index; p-value - male vs. female study participants.

2 Statistically significant.

b Chronic disease: A disease or condition of long duration and generally slow progression that requires ongoing medical attention.?*

3.5. lliness organ systems

Table 4 presents the frequencies (n; %) of all illnesses and all athletes
with illnesses in categories of the main organ system. The highest inci-
dence of illness (per 1000 trail running exposure-days) was reported
for the respiratory 4.7 (95 % Cl: 3.6-6.1), digestive 1.2 (95 % CI:
0.7-1.8) and musculoskeletal 0.4 (95 % CI: 0.2-0.8) systems.

3.6. Diagnosis of illness (self-reported)

A specific diagnosis was self-reported in 82 (52 %) illness cases. In 49
(60 %) of these cases, a medical doctor made the diagnosis, 25 (31 %)
were self-diagnosed, and 8 (10 %) were diagnosed by other health
care professionals (Supplementary File S3: Table S1A: Specific diagno-
ses of a self-reported illness). Based on doctors' diagnoses of specific

Table 2

Total number (n) of questionnaire responses that reported an illness (new and recurring), prevalence (%), and illness incidence (per 1000 trail running exposure-days; with 95 % CI).
Illness® All participants Female Male IR p-Value

(n=152) (n=32) (n =120) (95 % CI)
All illnesses Number of illnesses registered 157 43 114 - -

(n)
Number of runners with illness 79 17 62 - -
(n)
Illness prevalence 10.1 (8.6-11.5) 13.1 (9.5-17.0) 8.9 (7.6-10.8) - -

Mean (95 % CI)

Illness incidence per 1000 trail running exposure-days (95 % CI)
New illness Number of illnesses registered

(n)

Number of runners with illness

(n)

Illness prevalence

Mean (95 % CI)

Illness incidence

per 1000 trail running exposure-days (95 % CI)
Recurring illness ~ Number of illnesses registered

(n)

Number of runners with illness

(n)

Illness prevalence

Mean (95 % CI)

Illness incidence per 1000 trail running exposure-days (95 % CI)

7.2 (5.7-9.2) 9.7 (6.3-15.0) 66 (50-8.7)  15(09-25) <0.05

121 31 90 - -
78 17 61 - _
75 (6.1-8.9) 95 (6.2-12.7) 66(52-79) - -

5.6 (4.6-6.8) 7.0 (4.8-10.3) 52(42-65)  14(09-2.1) 0.189
36 12 24 - -
18 8 10 - _
23(16-3.1) 3.5 (1.5-5.6) 20(12-28) - -

1.7 (0.9-3.0) 2.7 (0.1-5.5) 14(06-3.0)  20(07-57) 0258

n - number of runners; % - percentage; I - incidence (per 1000 trail running exposure-days); IR - incidence ratio; 95 % CI - 95 % confidence interval; p-value — male vs. female study participants.
@ Datawas collected every 14 days. In 11 instances, the runners registered 14 days of training lost; in 1 instance, the runner registered 15 days of training lost. No repeat illness or overlap
period was registered for any of these runners. One runner registered 30 days of training lost. There was an overlap in this instance, but different primary organ systems were affected, and

therefore, these were considered two different first-time illness entries.
b Statistically significant.
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Table 3
Incidence of new and recurring illness by age group for trail runners who reported an illness.
Age group All Number of runners Proportion of Total number Incidence/1000 trail IR p-Value
(years) participants with illness runners with illness of illnesses running (95 % CI)
(n=152) (n=179) (%) (%) exposure-days
(95 % CI)
All illnesses Age 18-39 102 47 46.1 101 (64.3) 1(5.2-9.8) 0.8 (0.5-1.5) 0.501
Age 40-49 33 20 60.6 36 (22.9) 6 9 (4.3-10.9) 0.8 (0.4-1.6) 0.491
Age 50+ 17 12 70.6 20 (12.7) 7 (5.3-14.2) Ref -
New illness Age 18-39 102 46 45.1 77 (63.6) 5 4 (42-7.1) 0.7 (0.4-1.2) 0.247
Age 40-49 33 20 60.6 27 (223) 2 (3.8-7.0) 0.7 (0.4-1.2) 0.195
Age 50+ 17 12 70.6 17 (14.0) 74(47 11.6) Ref -
Recurring Age 18-39 102 13 12.7 24 (66.7) .7 (0.9-3.2) 1.3 (0.3-5.6) 0.728
illness Age 40-49 33 3 9.1 9 (25.0) 1 7 (0.4-7.8) 1.3 (0.2-9.7) 0.788
Age 50+ 17 2 11.8 3(83) .3(0.4-4.8) Ref -

n - number of runners; % - percentage; age categories - Open (18-39 years), Veterans (40-49 years), Masters (50 + years); incidence (per 1000 trail running exposure-days); IR - incidence

ratio; 95 % CI - 95 % confidence interval; p-value Ref - age 50+ category.

illnesses, males (61 %), the autumn/winter season (51 %), and individ-
uals with a normal (49 %) or overweight (37 %) BMI showed the highest
rates of illness. Respiratory illness was most frequent amongst these
groups (45 %, 37 %, 35 % and 20 %, respectively). Digestive issues were
slightly more common in females (6 %), and during spring/summer
(10 %) (Supplementary File S3: Table S1B: Specific diagnoses of an ill-
ness by a medical doctor.

3.7. Severity of illness (time-loss and illness burden)
Of all 157 illnesses reported during the study period, 150 illnesses

(95.5 %) prevented trail runners from training for an estimated period

Table 4
Primary illness organ system and incidence of illness (per 1000 trail running exposure-
days; with 95 % CI).

Primary organ system Number of Number of Incidence/1000 trail
participants illnesses running exposure-days
with illness*  n (%) (95%CI)

Total 79 157 (100) 2 (5.7-9.2)
Respiratory 61 101 (64.3) 7 (3.6-6.1)
Digestive 9 25 (15.9) 1.2 (0.7-1.8)
Musculoskeletal 5 9(5.7) 4 (0.2-0.8)

Brain & nervous 3 6(3.8) 3(0.1-0.6)

Heart & blood vessels 2 2(1.3) -

Kidney & bladder 2 2(1.3) -
ENT 1 1(0.6) -
Metabolic & endocrine 1 1(0.6) -
Skin 1 1(0.6) -
Unknown 5 9(5.7) 0.4 (0.2-0.8)

n - number; % - percentage; incidence (with 95 % confidence interval); ENT - ear, nose &
throat.
2 Three runners listed a secondary illness.

Table 5
The illness burden (IB; days lost per 1000 trail running exposure-days; with 95 % CI) of
illness over 15 two-week periods.

Illness burden (IB) Number of IB days lost/1000 trail p-Value
illnesses running exposure-days
n =157 (%) (95 % CI)
Overall IB 157 43.2 (33.5-55.9)
Age (years)
Age 18-39 101 (64.3) 42.1 (29.5-60.1) 0.915
Age 40-49 36 (22.9) 43.9 (28.7-67.2)
Age 50+ 20(12.7) 48.3 (29.1-80.3)
Sex
Female 43 (27.4) 58.8 (37.2-28.6) 0.149
Male 114 (72.6) 39.3 (29.0-53.2)

n - number of illnesses; % - percentage; age categories - Open (18-39 years), Veterans
(40-49 years), Masters (50 + years); IB - illness burden (days lost per 1000 trail running
exposure-days) (with 95 % confidence interval).

of >1 day (time-loss due to illness). Of those causing time-loss, 106
(70.7 %) required 1-7 days exclusion from training, followed by 43
(28.7 %) classified as moderate (8-28 days lost) and 1 (0.7 %) as severe
(>28 days). This one serious illness involved the brain and nervous sys-
tem, and the diagnosis was depression.

The overall illness burden (IB) was 43.2 days lost per 1000 trail run-
ning exposure-days (95 % Cl: 33.5-55.9). Participants older than 50 had
the highest IB, but the IB between age categories was not statistically
significantly different (p = 0.915). Females had a higher IB than
males, but the difference was not statistically significant (p = 0.149)
(Table 5).

3.8. Association of age category, BMI category, pre-existing chronic disease,
all running experience and trail running experience between ill and non-ill
runners

Associations between trail runners reporting or not reporting an
illness were investigated under the following categories: demographic
profile, running experience, and medical history. There was a statisti-
cally significant association between the BMI category of trail runners
(p = 0.011) and whether they had an illness or not. Sixty-six percent
of trail runners with a BMI exceeding 25 kg/m? were ill during the
prospective study period, whilst only 44 % of trail runners with a BMI
lower than 25 kg/m? were ill. No statistically significant association
existed between participants who reported illness and those who did
not, with respect to sex (p = 0.883), age (p = 0.092), prior running
experience (p = 0.406), prior trail running experience (p = 0.152),
and pre-existing chronic disease (p = 0.858) (Table 6).

Table 6
Chi-square analysis of the association between ill and not-ill trail runners for age category,
BM], total running experience, trail running experience and previous chronic disease.

Characteristics 11 Not-ill Chi-square
n (%) n (%) p-value

Sex Male 62 (51.7) 8(483) 0.883
Female 7 (53.1) 5(46.9)

Age (years) Age 18-39 47 (46.1) 5(53.9) 0.092
Age 40-49 20 (60.6) 13 (394)
Age 50+ 2(70.6) 5(294)

BMI (kg/m?) <25 kg/m? 44 (444) 55(55.6) 0.011°
>25 kg/m? 35 (66.0) 18 (34.0)

Total running experience ~ 0-2 yrs 16 (43.2) 21(56.7) 0.406
>2to5yrs  27(51.9) 25(48.1)
>5yrs 36 (57.1) 27 (42.9)

Trail running experience 0-2 yrs 34 (51.5) 32(48.5) 0.152
>2to5yrs 36(59.0) 25(41.0)
>5 yrs 9 (36.0) 16 (64.0)

Chronic disease No 70(52.2) 64(47.8) 0.858
Yes 9 (50.0) 9 (50.0)

n - number of runners; % - percentage; BMI - body mass index.
@ Statistically significant.
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Table 7
Overall statistical summary of all results (Tables 2 to 6 as well as Supplementary Table S2).

Description Outcomes

Incidence of  Sex (male/female) Incidence higher in females than
illness males
IR = 1.5; 95 % CI: 0.9-2.5; p < 0.05
Age (years) No significant difference in incidence
between age categories
Season (autumn/winter vs. Incidence higher in autumn/winter
spring/summer) than spring/summer
IR=1.6;95%Cl: 1.1-2.2; p = 0.022
Primary All diagnoses Respiratory (64 %)

organ system: Doctor diagnoses Influenza (27 %)
Sinusitis (15 %)

No significant difference
No significant difference

No significant association

Illness burden Sex (male/female)
Age (years)

Associations  Sex (male/female)

(Ilvs. non-ill) ~ Age (years) No significant association
BMI category Runners with BMI >25 kg/m? were
(<25 kg/m? vs. 225 kg/m?) associated with illness

p=0.011

No significant association

No significant association

No significant association

No significant association

No significant association

No significant association

No significant association

Total running experience
Trail running experience
Chronic disease
Age category (years)
Sex (male/female)
BMI category (kg/m?)
Previous chronic disease
Training load:
Training sessions
Running distance
Running pace
Training experience:
Total running
experience
Trail running
experience

Risk factors

No significant association
No significant association
No significant association

No significant association

No significant association

IR - incidence ratio; 95 % CI - 95 % confidence interval.

3.9. Iliness incidence and incidence ratio explored for running-related
variables (univariate analysis)

The incidence of illness did not show a statistically significant differ-
ence with changes in training variables. Specifically, there was no signif-
icant change in illness incidence with a two-session increase in the
average two-weekly training sessions. Similarly, no significant differ-
ence was observed with each 25 km increase in average two-weekly
running distance (p = 0.151) or with each 1 km/h increase in the aver-
age two-weekly running speed (p = 0.259) (Supplementary File S4:
Univariate analysis).

3.10. Risk factors of illness (multiple regression analysis)

No univariate risk factors [age, gender, BMI, previous chronic dis-
ease, training exposure (number of training sessions, running distance
or running pace) or running experience (years of actively running,
years of trail running] predicted illness incidence. Thus, a multiple re-
gression model was not performed, and no risk factors were identified.

3.11. Summary of all statistical findings
Table 7 provides a summary of all statistical findings.
4. Discussion

This prospective study investigated the incidence, prevalence,
clinical characteristics, illness burden and associated illness risk factors
amongst South African trail runners. The main findings include that
females had a significantly higher incidence of illness than males, the
incidence of illness was significantly higher in winter than in summer,
the respiratory system is most often affected, a higher percentage of
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runners with a BMI >25 kg/m? suffered illness during this period, and
training load (number of sessions, running distance, running pace)
had no association with illness.

Fifty-two percent of participants contracted an illness across
30 weeks, with a two-week illness prevalence of 10.1 % and an overall
illness incidence of 7.2/1000 trail running exposure-days. The majority
of these illnesses (60 %) were physician-confirmed, with the remaining
cases either self-diagnosed (31 %) or diagnosed by other healthcare
professionals (10 %). The only other published study that recorded
training data in trail runners reported an illness frequency of 22.3 % in
the final 4 weeks before a competition.'® Although not entirely compa-
rable, some training data are documented for road runners. In a pro-
spective cohort study, 19 % of road runners reported an acute illness
in the 8-12 days before an endurance race.?® In a self-reported study
of road runners, 17 % reported an illness episode during the 3 weeks
before the Stockholm Marathon in 2000.26 In endurance athletes from
various sport codes during a 16-week winter training period, an illness
frequency of 7.2 % was reported.?” It is important to note that a direct
comparison of these illness frequencies may not be entirely valid due
to varying definitions of illness across studies and differences in the
time periods and seasons over which symptoms were reported. Despite
these methodological variations, the data suggest that a notable per-
centage of trail and other endurance athletes encounter acute illness
symptoms within the weeks leading up to a race. Furthermore, trail
runners often travel for training and competitions, which may increase
their illness risk.2®

Winter illness incidence was significantly higher (p = 0.022) than
summer illness incidence, with an IR of 1.6 (1.1-2.2). lllness in athletes
shows clear seasonal patterns, with certain illnesses and health risks
peaking at specific times of the year. Respiratory infections and allergies
are particularly influenced by seasonal changes, which can impact
performance and health.?>3° In elite Finnish runners, mild exercise-
induced bronchospasm is closely associated with allergic conditions
like asthma and allergic rhinitis. Its occurrence often follows a sea-
sonal pattern. The authors report that training load typically increases
with the seasonal transition from winter to summer, intensifying dur-
ing the precompetitive and competitive periods.>! During 2018-2019
in South Africa, several seasonal infectious agents affected adults, partic-
ularly respiratory viruses. Influenza A (H3N2) was the most significant,
with the season running from May to September and peaking between
June and August 2019. Respiratory syncytial virus (RSV) showed a de-
fined season from February to mid-May, preceding influenza, and though
more common in children, also caused severe infections in adults. Other
respiratory viruses, including rhinovirus and parainfluenza, circulated
year-round with seasonal peaks, whilst adenoviruses and enteroviruses
were present year-round with less seasonality. These pathogens repre-
sent key contributors to the annual burden of illness in South African
adults and are relevant considerations in our study.*2-3¢

An acute systemic illness in the weeks leading up to competition
may alter the quantity and quality of training, impact competition
performance, lead to health complications, and increase the risk of
not completing the race.'®?>3” In addition, extended periods of high-
intensity exercise or a sudden escalation in training load in preparation
for a competition may increase the risk of infection (due to immune sys-
tem changes), thereby enhancing susceptibility to contracting an illness
during the event and potentially leading to a subsequent health
risk.""*® The J-shaped curve hypothesis suggests that moderate training
may reduce the risk of illness, whilst very high training loads are associ-
ated with an increased risk of infection.!"***° Based on this model, one
might expect trail runners with higher training volumes or intensities
to experience more illness episodes. Interestingly, our results did not
support this pattern; illness prevalence was not clearly associated with
higher training load amongst the trail runners studied. This discrepancy
may be explained by several factors, including the unique characteristics
of our cohort, differences in exposure to environmental factors, athlete
fitness, immune system adaptation, or the self-selection of more resilient
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individuals who can tolerate higher training loads without an increased
risk of illness, as has been observed in elite and well-trained populations.
Mixed evidence suggests that whilst excessive or rapidly increased train-
ing loads may elevate illness risk, well-managed chronic high loads may
be protective, indicating a “sweet spot” where optimal training enhances
resilience and lowers illness susceptibility.*!~%4

Females had a 50 % higher chance of experiencing illness, with an IR
of females to males of 1.5 (p < 0.05). Although not statistically signifi-
cant, females also had a higher IB than males (p = 0.149). In another
study, male and female trail runners reported similar proportions of
illness in the final 4 weeks before a competition.'® Although not compa-
rable to trail runners, illness did not differ between male and female
endurance athletes during a 16-week winter training period.?” In recent
years, illness data published on large cohorts of athletes attending inter-
national competitive events suggest that illness episodes are more prev-
alent in females than males. Further studies are needed to clarify illness
incidence in female and male trail runners.

Although not statistically significant, trail runners aged <50 years
had a lower incidence of all and new illnesses, but had a higher inci-
dence of recurring illnesses. In contrast, in a study of trail runners com-
peting in a 7-day, 250 km off-road ultra-marathon, each successive 10-
year increase in the runner's age was associated with experiencing less
than half the number of MEs.® Another study on road runners reported
at least one infectious illness episode during the two months preceding
the Los Angeles Marathon, with younger runners at significantly higher
risk.*> More research is needed to determine the importance of age in
contracting an illness during training for a trail event.

The highest frequency of illness affected the respiratory system
(64.3 %), followed by the digestive (15.9 %) and musculoskeletal (5.7 %)
systems. Although to a lesser extent, these results concur with a study
following trail runners in the final 4 weeks before a competition that
reported the respiratory tract as the most frequent organ system affected
by illness (82.9 %).'® No studies on trail runners have reported specific
illness diagnosis. Amongst road runners, 12.7 % reported respiratory
symptoms, 3.5 % gastrointestinal symptoms, and 1.3 % both, during the
8-12 days preceding a race.?> URI were reported by 40 % of participants
in the 1987 Los Angeles Marathon in the 8 weeks before the event.*> A
recent systematic review of trail running events identified the digestive
system as the most frequently affected organ system. However, this
may reflect a reporting bias, as some studies focused primarily on gastro-
intestinal symptoms.® Amongst road runners training for a half or full
marathon, overall illness symptom prevalence ranged from 28.3 % to
71.2 %, with more severe symptoms reported in 12.4 % to 47.5 % of
cases.*® At the 2019 Indian Ocean Island Games, a multisport competi-
tion, overall illness prevalence was 6 %, with respiratory conditions
being the most common.*” These findings are consistent with broader
evidence from multiple sporting disciplines, indicating that acute respira-
tory illnesses are the most frequently reported conditions before and dur-
ing competitive events.51825-274849 |pterestingly, estimates of illness
prevalence in non-athletic adult populations suggest an annual preva-
lence of URI of approximately 22 %.50°1

Almost a third (28.0 %) of the reported illnesses caused trail runners
a training time-loss of more than one week, with an overall training IB of
432 days lost per 1000 trail running exposure-days. No other trail study
has defined illness severity in terms of the number of days lost to run-
ning or training. Therefore, no comparisons are possible. It is essential
to note that interruptions to the training routine and a reduced training
load may increase the risk of injury on race day.>? In addition, a sudden
escalation in training load and intensity immediately preceding compe-
tition may elevate the risk of immune system changes, heightening the
susceptibility to contracting an illness.!'8 In a prospective cohort study
of road runners, the authors found that an acute illness reported in the
8-12 day period before a race increased the risk of not finishing the
race by 1.9 times for those runners who started the race.” It is crucial
to highlight that any illness impairing a trail runner's ability to continue
can have serious consequences. For runners who begin an event whilst
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unwell, these effects may be worsened by the demands of remote
mountainous terrain, exposure to extreme weather conditions, and
the need to be semi- or fully self-sufficient with limited access to med-
ical support. Future studies should adhere to established guidelines for
reporting illness severity, enabling meaningful comparisons across
research endeavours.

BMI category (<25 kg/m? and >25 kg/m?) was significantly associ-
ated with having an illness or not (p = 0.011). Sixty-six percent of
trail runners with a BMI exceeding 25 kg/m? were ill, whilst only 44 %
of trail runners with a BMI lower than 25 kg/m? were ill. Although an as-
sociation was found between the BMI of ill and non-ill runners, the uni-
variate risk factor analysis showed no significant difference in illness
incidence between the two BMI groupings. A study following trail run-
ners in the final 4 weeks before a competition found no differences in
BMI between athletes who reported an illness and those who did
not.'® The impact of BMI on health is multifaceted, and athletes with a
high BMI may have a different body composition, including a higher
proportion of muscle mass, which can influence health outcomes differ-
ently than excess body fat alone.> Further research is therefore advised.

Demographic information (sex, age, and weight), running experi-
ence (years of actively running and years of trail running), training his-
tory, and current chronic variables were not identified as risk factors
through univariate regression analyses. Larger studies are needed to de-
termine the risk factors identified with illness in trail runners training
for an event. Differences in reporting compliance may partly account
for the observed sex differences in illness incidence.

4.1. Strengths & limitations

The main strength of our study is the novel prospective cohort
design following trail runners over 30 weeks. This is also the first
study reporting the incidence, prevalence, clinical characteristics, illness
burden and risk factors associated with illness amongst male and female
South African trail runners during training. Additionally, our data in-
cludes illnesses confirmed by a physician, which enhances the reliability
and validity of our findings. Limitations include the fact that in South
Africa, most trail running events operate independently of Athletics
South Africa, allowing runners to engage without requiring member-
ship to any specific trail running governing body. Due to the absence
of a defined population size, a convenience sample was employed, mak-
ing it challenging to ascertain the representativeness of our study
within the broader South African trail-running population. Whilst our
internal control group allows for valid comparisons, it remains difficult
to compare directly with external population-based studies due to dif-
ferent definitions and self-reporting methods. The study focused specif-
ically on the South African context, where trail runners are exposed to
the country's distinctive geographic remote environments, with chal-
lenging terrain, variable climatic conditions (such as heat, humidity, or
altitude), contaminated or polluted water sources and limited access
to immediate medical support. These distinctive circumstances may dif-
fer from those in other countries, and caution should be exercised when
extrapolating our findings to the global trail-running community. We
only included runners training for trail races of at least 21 km to ensure
participants intended to run on trail terrain. Nonetheless, we recognise
that some may still have conducted a portion of their training on non-
trail surfaces. We used an arbitrary cutoff point of 28 days to distinguish
between new and recurring illnesses. Also, trail runners estimated time-
loss days at the time of illness. Entering the study with an illness was
captured as a new illness in the study. This could have led to an overes-
timation of illness in the first period of the study. We did not capture
data on other illness risk factors such as stress, fatigue, or exposure to in-
fections. The added strain of intense or pre-event training may increase
runners' susceptibility, particularly to URIs. Also, we did not have a non-
athlete control group. Although the sample size was sufficient for mean-
ingful inference and exceeded commonly recommended thresholds for
applied research,’*>° the study may still have been underpowered to
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detect meaningful inference, and the exploratory findings should there-
fore be interpreted with caution.

5. Conclusion

This study provides important, novel descriptive information regard-
ing the epidemiology of illnesses in trail runners, utilising a 30-week pro-
spective study design. Illness is common amongst trail runners, and
females suffer a significantly higher incidence than males (p < 0.05). Ill-
ness mainly affects the respiratory system, and has a higher incidence
during the winter months. Nearly one in three trail runners experienced
moderate illness severity that caused > 8 days time-loss across 30 weeks.
A higher BMI > 25 kg/m? was associated with illness. Future research
should investigate risk factors and prevention strategies for illness in
trail runners, considering environmental, training, and individual factors,
with particular attention to female athletes, BMI, and experience. Our
study provides a foundation for exploring how the burden of illness dur-
ing training can be mitigated.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jsams.2025.12.008.
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