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ABSTRACT

Introduction Running injuries affect millions of persons
every year and have become a substantial public health
issue owing to the popularity of running. To ensure
adherence to running, it is important to prevent injuries
and to have an in-depth understanding of the aetiology of
running injuries. The main purpose of the present paper
was to describe the design of a future prospective cohort
study exploring if a dose—response relationship exists
between changes in training load and running injury
occurrence, and how this association is modified by other
variables.

Methods and analysis In this protocol, the design of

an 18-month observational prospective cohort study

is described that will include a minimum of 20 000
consenting runners who upload their running data

to Garmin Connect and volunteer to be a part of the
study. The primary outcome is running-related injuries
categorised into the following states: (1) no injury; (2) a
problem; and (3) injury. The primary exposure is change
in training load (eg, running distance and the cumulative
training load based on the number of strides, ground
contact time, vertical oscillation and body weight). The
change in training load is a time-dependent exposure

in the sense that progression or regression can change
many times during follow-up. Effect-measure modifiers
include, but is not limited to, other types of sports activity,
activity of daily living and demographics, and are assessed
through questionnaires and/or by Garmin devices.

Ethics and dissemination The study design, procedures
and informed consent have been evaluated by the Ethics
Committee of the Central Denmark Region (Request
number; 227/2016 — Record number; 1-10-72-189-16).

INTRODUCTION

Physical activity should be taken seriously
and performed regularly to decrease the
risk of lifestyle diseases and to diminish the
increased mortality risks associated with
prolonged sitting."™ The scientific literature
offers abundant justification that promotion

Strengths and limitations of this study
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» Monitoring of the running activities and the running
injury status of more than 20000 runners for up to
18 months, which allows for in-depth analyses on
the dose—response relationship between change in
training load and injury occurrence using advanced
time-to-event analyses on time-dependent expo-
sures and outcomes.

» Use of a web-based solution that conforms to the
General Data Protection Regulation regulative that
allows for access to data from a very large cohort
of runners.

» Self-reporting of injury status without a standardised
examination procedure may lead to information
problems, which could lead to overestimation or un-
derestimation of the effect size.

» The design of the study will not allow all variables
playing a role in the causal mechanism to injury to
be quantified. The totality of relevant associations
between exposures associated with injury risk will
remain unexplored in the present study.

of regular physical activity should be prior-
itised worldwide as part of a comprehen-
sive strategy to reduce non-communicable
diseases. The popularity of running as a
physical activity has risen much in the past
20 years, which is demonstrated, among
others, in the growth in road-race events
and the increased prevalence proportion of
the population level indicating that they run
on a regular basis.” For novices, recreational
and competitive runners alike, running is a
time-efficient, easily accessed and relatively
inexpensive activity.” From a health-related
perspective, running provides beneficial
effects on body mass, body fat, resting heart
rate, VOQmax, triglycerides and the choles-
terol level.” The longer the training period,
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the larger the achieved health benefits.” Based on the
considerable interest in running as a preferred type of
physical activity, it seems crucial to ensure adherence to
running by shedding light on the barriers to continued
running.

Busyness, childcare, illness and running-related inju-
ries are well-known barriers that may lead to a temporary
or permanent cessation of running activities.” Of these
barriers, running-related injuries have become a consid-
erable public health issue because such injuries affect
millions of persons every year.”'” Although some minor
running injuries pass quickly, others are associated with
a long rehabilitation period exceeding 12 months."
This is problematic, since running injuries were the
most common reason for permanently dropping out of a
running regime among men, and the third most common
reason among women according to a 10-year prospective
cohort study.® To ensure adherence to running, attention
to and prevention of running injuries is highly important.

Prevention of running injuries has been extensively
studied and discussed in the scientific literature."*™" To
effectively prevent injuries, an in-depth understanding of
the aetiology of running injury is needed.'® For decades,
running injury researchers have sought to identify risk
factors for injury, and the number of publications on
this topic has risen steeply in the past 10 years.'” Despite
the great research efforts made in previous studies,
it is currently impossible to draw any definitive conclu-
sions on the aetiology of running injuries, and hence to
guide runners to structure their running activity to mini-
mise their injury risk. Study-specific drawbacks relating
to previous studies include: (1) limited sample sizes,"
(2) retrospective study designs,”’ (8) a lack of objective
measures of running activity’' and (4) a limited number
of variables included in the statistical analyses.** In addi-
tion, a shift from traditional risk factor identification
towards identifying the strength and the proximity of risk
factors within a causal framework for injury aetiology has
been proposed.” **

Causal frameworks have previously been used in a
variety of research contexts to guide the data collection
strategies and the subsequent analytical approach,”?’
and to demonstrate why prospective cohort studies may
plausibly assume that dose-response relationships exist
between change in training load and injury occurrence.”
However, in running injury research, questionable math-
ematically driven stepwise selection procedures have
been used to compute a list of variables significantly asso-
ciated with injury.**** This approach may lead to bias in
a small sample setting.”® Moreover and more importantly,
it prevents the researcher from explaining precisely how
and why exposures are interrelated in a causal perspec-
tive.”” In addition, simple crude associations have been
presented that enable identification of predictors of injury
potentially playing a role in the causal mechanisms of
injury occurrence.” %" Taking body mass index (BMI) as
an example, traditional risk factor studies have been able
to identify that runners with a high BMI are at increased

risk of sustaining a running-related injury.'”*** Although
this approach identifies a subpopulation at increased risk
of injury, it fails to identify the amount of running asso-
ciated with a decreased or increased injury risk among
runners with a high BMI.*’ Accordingly, the evidence and
knowledge about injury aetiology produced from studies
based on traditional epidemiological approaches have
not always been translatable into advice for runners on
how different ways to schedule their running activities
may reduce or increase their risk of injury. This is unfor-
tunate since runners themselves identify factors such
as ‘excess of training and ‘exceeding the body’s limitations’
as major risk factors for running injuries.*’ These opin-
ions are also strongly rooted in the scientific literature
since ‘Running too much too soon’ or sudden changes in
training load seem to be a key factor in running injury
development.”? *' #* The underlying assumption here
is that runners are unable to sustain a running-related
injury without running too much—or in other words, that
the runners’ capacity to withstand load is exceeded.”® **
In this light, a plethora of studies examining the role of
sudden changes in training load on injury occurrence
should exist. However, even today the scientific attempts
to examine the role of sudden changes in training load
on injury occurrence are limited.” *™* The reasons
why the ‘Too much, too soon’ theory is under-researched
in a running injury setting may be twofold: (1) that
only limited attention has been given to the advanced
concept of exposures and outcomes that change status
over time,** and (2) that many previous scientific studies
have not quantified running activities, such as number of
steps per running session and vertical oscillation per step,
prospectively during follow-up.**

Monitoring running activities prospectively using
commercially available devices*' *** is necessary to eluci-
date the ‘too much, too soon’ theory.”* *® Recently, commer-
cially available devices have made it possible to quantify
distance, time-spent-running and running pace.”' Like-
wise, more sophisticated measures of running dynamics,
such as number of strides, cadence, stride length, ground
contact time, ground contact time balance, vertical oscil-
lation and vertical ratio, can be quantified in large-scale
epidemiological studies.” These data allow researchers
to explore the relationship between sudden changes in
training load and injury occurrence in different types of
runners with different anthropometrics, demographic
characteristics and different sports gear. Given the pres-
ence of multiple predisposing exposures that influence
how much running a runner can tolerate, future research
questions should address how much running the muscu-
loskeletal system can tolerance before injury is sustained.
Using this approach may help explain precisely why and
how risk factors interplay, and how much running is
acceptable for runners of different sizes and shapes.' *
To better understand the influence of sudden changes in
training load on running injury occurrence, more studies
are needed. The main purpose of the present paper was
to describe the design of a future prospective cohort study
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exploring if a dose-response relationship exists between
changes in training load and injury occurrence, and how
this association is modified by other variables.

Hypotheses
In this study, the main hypotheses to be examined will be:

HI: A dose-response relationship between change in
training load and injury occurrence exists in the sense
that more runners will sustain injury following a large
change (progression) in training load compared with a
lower change.

H2: Runners with a higher BMI and age, runners with
a history of previous injury and runners with a lower
activity of daily living sustain more running-related injury
compared with lighter and younger runners with no
history of previous injury who comparably change their
training load.

H3: A biological interaction (absolute excess risk due
to interaction on an additive scale) exists when exam-
ining the synergy between changes in training load and
changes in other variables.

METHODS AND ANALYSIS

This study protocol describes the design of the observa-
tional prospective cohortstudy entitled ‘The Garmin-RUN-
SAFE Running Health Study’. Owing to consecutive
inclusion starting in the summer of 2019 combined with
a fixed end of follow-up in December 2020, the length of
follow-up period can vary up to 18 months between partic-
ipants. Prior to inclusion, all runners will be required
to sign an online informed consent form. The runners
will be free to discontinue participation at any time with
no obligation to provide their reason why. The study is
observational and therefore needs no permission from
the system of research ethics committees according to the
Danish Act on Research of Health Projects, Section 14,
no. 2 (see letter from the Local Ethics Committee Central
Denmark Region in online supplementary material S1).
The Danish Data Protection Agency has approved the
study, including the data collection procedures and data
storage (see online supplementary material S2).

Study population

The study’s base population will comprise consenting
English-speaking runners who own a Garmin watch that
supports tracking of running activities and who upload
their data from running sessions to Garmin Connect,
which is a worldwide web-based training diary (https://
connect.garmin.com/). All types of runners (ie, elite,
recreational, novice) with varying years of running expe-
rience are eligible for inclusion.

Patient and public involvement

Some of the researchers (RON, DAR, CD, SR) involved
in the present study have worked in clinical practice
dealing with injured runners. As they have shared their
stories underpinning injury occurrence, these runners

indirectly assisted in the hypothesis-making process for
the current study. In addition, the RUNSAFE research
group have conducted several research studies in which
runners attended a clinical examination in the case they
were injured. These studies also aided the rationale.
No runners were, however, invited to take active part in
the design of the current study via, for example, knowl-
edge-transfer schemes.

Recruitment strategy

Following four pilot studies conducted in the spring of

2019, runners will be recruited in July, August, September,

October and November 2019, pending appropriate data

flow and logistics. However, the inclusion will be open-

ended in the sense that the active recruitment phase
allows runners to join at a later stage. Users of Garmin

Connect will be contacted by email by Garmin. The email

provides a short description of the study including alink to

a RUNSAFE recruitment page (https://garmin-runsafe.

com/) where further information about the study will

be provided. Besides distributing a link to a recruitment
page through emails, runners will be recruited through
notifications on Garmin social media pages (such as Face-
book, Twitter), Garmin blog post and through a media
release which can be picked up by third-party online sites.
In addition, RUNSAFE may recruit runners through the
social media and via contact to running clubs. Since the
recruitment material, informed consent information and
follow-up questionnaires will be distributed in English,
runners will be recruited predominantly from English-
speaking countries (such as England, USA, Australia,

New Zealand) and countries in which a majority of

the population are familiar with written English (ie,

Denmark, Norway, Sweden, Germany, the Netherlands

and Belgium). Runners who will be eligible for inclusion

include those:

» Willing to provide informed content.

» Willing to provide the research team with access to
their Garmin Connect activities via Garmin’s Health
Application Programming Interface (API).

» Who are familiar with the English language.

» Willing to respond to an enrolment questionnaire
and a one baseline questionnaire in English.

» Willing to respond to scheduled questionnaires in
English on a weekly, monthly and quarterly basis until
end of follow-up at 31 December 2020 or until they
leave the study, whichever comes first.

» Regularly uploading their running sessions to Garmin
Connect (more than 90% of their running sessions).

» Who are above the age of 18 years.

Runners will be excluded if their Garmin Connect
account is used by more than one person or if more than
one person uses the same watch. In cases where runners
regularly wear more than one watch, they will be eligible
for inclusion provided they do not wear two watches
at the same time or upload two or more data sets from
similar time spans to Garmin Connect. For instance,
it will be acceptable if runners use a Forerunner watch

Nielsen RO, et al. BMJ Open 2019;9:6032627. doi:10.1136/bmjopen-2019-032627
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Table 1 Overview of data collection of exposure-related variables and outcome

Quantitative data

from Garmin
Connect

Subjective data
from questionnaires

Health API

Baseline Weekly Biweekly

Running activity data (req. info)

For example, strides, distance, time spent running, vertical
oscillation, cadence, heart rate, pace, stride length
Running injury data (req. info)

Symptoms, pain and consequences (ie, medical
consultations, time loss, stride-to-stride changes)

Activities of daily living

All-day step count, all-day walk/run distance, all-day heart
rate

Well-being index

Other sports activities

Cycling, swimming, strength training

Demographics (req. info)

Gender, date of birth, height, weight, email address

v

Information related to baseline is included either in the recruitment questionnaire (online supplementary material S3) or in the baseline
questionnaire (online supplementary material S4). The weekly and biweekly questionnaires are provided in online supplementary material S5

and S6, respectively.

API, Application Programming Interface;Req. info, this information is required from study participants.

while running and another type of watch during activities
of daily living.

Data collection

Data will be collected objectively through watches and
running accessories such as heartrate monitors; and
subjectively through one enrolment and one baseline
questionnaire; and scheduled emails sent out on a weekly
basis. If a runner is followed during an 18-month follow-up
period, he/she will be exposed to 72 weekly question-
naires. In addition, biweekly questionnaires are available
in each of the runner’s personal page. Table 1 presents
an overview of the variables assessed. Personalised (first
name, last name, email address), subjective and objective
data are stored at password-protected servers located at
Aarhus University, Denmark. The software (eg, Microsoft
ASP.Net Core programme) will be continuously updated
to ensure that the system conforms to the rules and
regulations of the Danish Data Protection Agency and
the provisions outlined by the European General Data
Protection Regulation (GDPR). No person-identifiable
information will be published or shared. Person-specific
label numbers (Tokens) will be used to merge Garmin
Connect data with injury data from questionnaires.
These person-specific label numbers will be used during
all sharing and processing of data within the RUNSAFE
research group at Aarhus University.

Quantitative data measured by Garmin devices

When a runner is included in the study, Aarhus Univer-
sity will be granted access to Garmin Connect data for
this particular runner. Note that Garmin does not grant

access to any user data without explicit consent by users.
The access will be restricted to the study-specific follow-up
period and to activity files going back 30 days from the
date of the first activity file upload after consent has been
approved. The Garmin Health API (http://developer.
garmin.com/garmin-connect-api/overview/) will be used
to access the following data specific to running activity
from included runners: number of strides, time spent
running, distance, pace, cadence, stride length, ground
contact time, ground contact time/balance, vertical ratio,
vertical oscillation and heart rate. These variables will be
measured using (1) the Global Positioning System (GPS)
in the watch; and/or (2) the accelerometer in the watch
or in running accessories such as a heart-rate strap; and/
or (3) heart rate monitor in a heartrate strap or in the
watch. The metrics will be computed based on motion
measured by a GPS and/or three-dimensional acceler-
ometer using Garmin proprietary algorithms in Garmin
watches. Quantitative data on running activities will be
needed since runners are unable to self-report their
running data, such as distance, in a reliable manner,47
whereas the validity of Garmin Forerunner watches have
been found to be acceptable for use in scientific studies
when measuring running distance and speed,”' as well as
cadence, ground contact time and vertical oscillation.*®
In addition to the running-activity-related data, data
from other types of sports activities such as cycling, swim-
ming, walking and strength training will be assessed
though the Health API. Furthermore, the Health API will
be used to assess information on all-day step count, all-day
calorie count, all-day distance, sleep duration, all-day
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heart rate and index scale information (such as weight,
body fat, bone mass). Importantly, such information will
only be assessable if the included participants wear their
watch throughout the day. As a consequence, informa-
tion related to activities of daily living is missing for some
participants in the study since it is not an inclusion crite-
rion to wear the watch all day.

Self-reported subjective data
Questionnaires filled in on enrolment, at baseline and
at follow-up will be employed to capture information
about the runners’ injury status or non-running-related
variables (such as body mass, shoe use, previous inju-
ries). At the recruitment page, runners will be required
to respond to a short enrolment questionnaire to provide
their name, last name, email address and demographic
characteristics (online supplementary material S3). After
signing the informed consent form, an email will be sent
to welcome the runner to the study. In addition, a link
to a baseline questionnaire will be provided in the email
and the runners are kindly invited, when their time allows
and in quiet surroundings, to complete the baseline
questionnaire no later than 1 week after inclusion. The
baseline questionnaire consists of easily read sections/
tabs addressing running participation and running shoes,
previous or current running-related injuries, well-being
using the WHO-5 well-being index™* (see online supple-
mentary material S6), and health-related diseases and
conditions (see online supplementary material S4).
Participants will be prompted to respond to follow-up
questionnaires online through a unique, participant-spe-
cific link included in an email. They have provided their
email addresses in the recruitment/enrolment ques-
tionnaire to RUNSAFE for this purpose. The weekly
questionnaire consists of the following sections/tabs:
Introduction, Running-related problems in the past week
and Equipment (see online supplementary material S5).
The time needed to respond to the weekly questionnaire
will be 20 s in case of no injury and approximately 4 min
when injured once familiarised with the questionnaire.
All emails containing links to questionnaires will be
distributed using an Aarhus University-based system,
which is specifically developed for questionnaires sent to
participants included in research studies.”” *' This email
distribution system conforms to the rules and regulations
of the Danish Data Protection Agency.

Outcome

Running-related injury is the primary outcome. Infor-
mation about injury status will be assessed in the weekly
questionnaire. In the question ‘In the past week, have you
had a musculoskeletal injury or have you experienced a problem
to muscles, tendons or bones that is fully or partly caused by
running?, the runners are able to classify themselves as
injury-free, as uninjured but with problems (new prob-
lems or same problems as reported last week) or as
injured (a new injury or the same injury as reported last
week). Altogether, answers provided to this question will

allow us to determine on a weekly basis which injury state
each runner belongs to: (1) injury-free, (2) uninjured,
but with a problem or (3) injured. If a participant reports
a problem or an injury, he or she will be led to addi-
tional questions inquiring information about the injury
or problem’s location, pain level and origin of the injury
(see the weekly questionnaire in online supplementary
material S5). The runners are informed that a problem
is less severe than an injury and a problem is something
that can be painful and irritating; however, running
activity continues in full. In addition, they are informed
that an injury is more severe than a problem and that an
injury is something that is painful and irritating leading
to a reduction in running activity (eg, volume, intensity,
frequency). This approach was introduced based on
experiences using the Yamato et af’* consensus definition
and the Oslo Trauma Research Center questionnaire.”
Importantly, the injury outcome should be considered as
a time-varying covariate as described in Nielsen et al.”*

Exposure

Change in training load is the primary exposure. Training
load is defined using different variables such as running
distance or cumulative training load calculated based
on stepwise loads based on ground contact time, vertical
oscillation and body weight. As other ways to define and
calculate training load can be used, the definition of
change in training load is not fixed and predefined. Like-
wise, the change in training load is defined using various
equations. For instance, to calculate a weekly change, the
ratio between two weekly loads expressed as a percentage
of change as calculated in Nielsen et al’ could be used.
The ratio will be calculated in the following manner: after
each running session during the study period, the total
training load (ie, distance, strides, time spent running)
from that session will be added to the total training load
covered in a 6-day period prior to that session. Accord-
ingly, the training load over a l-week period (week 1)
will be determined. Then, the training load from day 7
to day 13 prior to the training session of interest (week
0) will be calculated. Based on these two weekly training
loads (week 1 and week 0), the progression (or increase)
or regression (or decrease) between these two periods
will be calculated by dividing the two weekly loads and
then multiplying the result by 100 (ratio between weekly
distances = (total training load week 1)/(total training
load week 0)x100). After calculating the ratio after each
running session, the change in weekly training load
(progression or regression) will be categorised into
1 of the following 10 exposure states: (1) regression
below -50%; (2) regression between -50% and -20%;
(3) regression between —20% and -10%; (4) regression
between —~10% and 0%; (5) progression between 0% and
10%; (6) progression between 10% and 20%; (7) progres-
sion between 20% and 30%; (8) progression between
30% and 40%; (9) progression between 40% and 50%;
and (10) progression greater than 50%. The 10% cut-off
was chosen based on the general belief that a graded
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training programme could become injurious at a progres-
sion in weekly distance exceeding 10%.” The 30% cut-off
was chosen based on the findings from a l-year prospec-
tive cohort study.*” Because most participants presumably
vary in their running routines, each runner will be able
to move/transition between the 10 exposure states every
time that runner completes a new running session during
the study period. Statistically, such movement between
exposure groups is known as a multistate transition.”®
If a runner does not run in week 0, it is not possible to
calculate a ratio between the weekly training load in week
1 and week 0 because the denominator is zero. In such
cases, participants will be categorised into a ‘not avail-
able’ group. To summarise, after each running session,
participants are continuously categorised into 1 of the 11
exposure states using 0% to 10% progression as the refer-
ence group.

Other ways of calculating changes in activity have been
used in the literature. For instance, a workload ratio has
been used to describe the acute training load (ie, the
training load of the past week) to the chronic load (ie,
the 4-week rolling average of load) under the assump-
tion that if an acute load exceeds the chronic load, then
the athlete is considered underprepared and likely to be
facing an increased risk of injury.”>* Importantly, many
additional ways of calculating change beyond weekly
changes exist including, but not limited to, session-spe-
cific, monthly or bimonthly changes.

The ratio between the training loads is a time-depen-
dent exposure in the sense that progression (a posi-
tive ratio) or regression (a negative ratio) can change
many times during the study period (effectively after
each running session). This allows for data analysis of a
time-dependent exposure variable that allows the partic-
ipants to move into other exposure states (or stay in the
same exposure state) each time they run. Importantly,
this approach is much different from the average change

in load (ie, running distance), which is not time-depen-
dent and has been used as the exposure of interest in
previously published studies.” **

Effect-measure modifiers

To explain precisely why and how risk factors interact,
one needs to consider the runners’ ability to tolerate
the amount of running activity to which they expose
themselves. A plethora of non-running-related variables
determine, for better or worse, the change in training
load a runner can tolerate without sustaining an injury.
To name a few, the number of days/hours between
running sessions,”’ running experience (ie, total years
and months of running practice),” running ability (ie,
current performance level), running shoe use,” hours
of sleep,” nutrition intake,” musculoskeletal problems
sustained in other activities than running,” activity level
in other sports and activities of daily living.'” Therefore,
information on other types of sports activities, activities
of daily living, demographics and anthropometrics need
to be quantified and/or assessed in order to examine if
the risk of sustaining an injury after different changes in
running activity differs across strata of other variables. In
the epidemiological literature, such variables are known
as effect-measure modiﬁers,62 which should be considered
vastly different from confounders.® Also, it will be investi-
gated if the relative excess risk due to interaction is larger
than the expected values if the change in training load
and/or the change in load tolerance are severe (table 2).

Power calculation

The power calculation was based on a superiority study.
Based on comparisons from previous studies® * *° %40
and including experiences from clinical practice, a 1-year
cumulative injury incidence proportion of 20% is
expected in the reference state (equivalent to 0%-10%
change in running activity). In the ‘20% to 30%’ state,

Table 2 The hypothesised interaction between change in training load and change in load tolerance on risk of running-related

injury

Change in load tolerance

Change in running activity
Below -50%
-50% to —20%
—-20% to -10%
-10% to 0
0to 10%
10% to 20%
20% to 30%
30% to 40%
40% to 50%
Above 50%

Same level Decrease

Increase

Green is associated with minor risk, yellow with moderate risk, red with high risk and black with extremely high risk. We expect the relative
excess risk due to interaction to be considerably higher than the expected risk in the black and red areas.
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an injury incidence proportion is hypothesised to reach
24%, whereas a 28%), 35% and 50% incidence proportion
target the ‘30% to 40%’, ‘40% to 50%’ and ‘above 50%’
states, respectively.

To be able to show a minimum difference in injury risk
between the reference state and the 20% to 30% state
of 1% (corresponding to a number needed to treat of
100 runners assuming a causal relationship), a sample of
4500 runners are required in the reference group and
2200 in the ‘20%-30%’ state to reach a power of 79%. An
accommodation to a potential loss to follow-up is neces-
sary to include in determining the number of partici-
pants needed. In prospective studies with a self-structured
running regime and a follow-up =6 months, the loss
to follow-up has been reported to be approximately
22%-30%." %" In case of a 30% dropout in both states,
a required sample size of 9571 runners will be required.

Statistics

Time-to-event models are used to estimate the cumulative
risk difference between the different progression states
using a generalised linear model (pseudo-observation
method) using the normal distribution. We compute CI
and p values using robust variance estimation to account
for non-normality of the pseudo-observations and we will
use the id- and log-link function to model cumulative risk
differences and risk ratios, respectively.”® 7 Recently,
the pseudo-observation method was updated allowing for
delayed entry in case the data is assumed to be subject to
right-censoring.”" Consequently, the inclusion of time-de-
pendent exposures and/or outcomes into the analysis
has become possible. Time-dependent exposure enables
each participant to move continuously between exposure
states (after each running session) using multistate time-
to-event models.” In these analyses, cumulative risk differ-
ence will be used as a measure of association. To comply
with the assumptions behind the statistical model, at least
10 injuries per explanatory variable included in the anal-
ysis are needed.* The unit of analysis will be each runner
(or each leg if data allow for calculation of stepwise loads
rather than stride-wise loads). The following time scales
will be used: calendar days, strides and/or kilometres. In
addition, participants will be censored in case of disease,
lack of motivation, no uploaded data to Garmin Connect
during a 6-month period, unwillingness to continue in
the study regardless of the reason or end of follow-up by
31 December 2020, whichever comes first.

In the case analyses are performed on running inju-
ries occurring in a specific anatomical location (ie, the
knee or the foot), we will analyse cause-specific hazards
of the instantaneous risk of injury from a specific injury
category using a competing risk model. To avoid violating
of the assumption regarding right-censored data, hazard
rate ratio will be used as measure of association in anal-
yses on location-specific injury rate.

Group-based differences in rates or risks are used in
the analyses described above. In addition, the develop-
ment in individual incidence rates will be calculated.

The purpose of an individualised calculation of devel-
opment in rate or injury development is to correct for
the healthier runner selection, which presumably occurs
during follow-up. Most likely, the more vulnerable
runners sustain injury in the first part of the follow-up,
while the less injury-prone runners continue throughout.
In order to take into account this ‘healthy runner effect’,
Cox regression or Poisson regression with shared frailty
(or via robust variance estimation) on the recurrent inju-
ries will be used.” ™ This approach will allow us to calcu-
late a frailty factor for each individual. A ‘frailty factor’ is
a number stating a participant’s frailty, or likelihood of
sustaining an injury. The ‘frailty factor’ will be high for
participants sustaining multiple injuries during a short
period of time and low if the participants remain unin-
jured throughout the follow-up period. The ‘frailty factor’
is then maintained. This will make it possible to evaluate
if each subject’s injury incidence rate changes over time.
It should be noted that at this stage, researchers must
assume that the frailty factor is constant over time.

Results are considered statistically significant at p<0.05.
In addition, for proper interpretation of study results,
estimated effect size and estimated precision (95% confi-
dence limits) will be calculated.”* In case the synergy
between two or more exposures is explored, the absolute
excess risk due to interaction on an additive scale, which
is equivalent to biological interaction, is used rather than
relative excess risk due to interaction.” All analyses will
be performed using Stata V.14 or greater (StataCorp LP,
College Station, Texas, USA).

DISCUSSION

The Garmin-RUNSAFE Running Health Study will be the
first prospective cohort study to include a large group
of runners and to quantify running dynamics such as
number of strides, cadence, stride length, ground contact
time, ground contact time balance, vertical oscillation and
vertical ratio,* as well as injury status during a long-term
follow-up. The goal of the study is to provide evidence
explaining precisely why and how risk factors interact in
order to identify progression schemata in running prac-
tice associated with minimised injury risk in different
types of runners. Ultimately, this will allow for identifi-
cation of modifiable factors that are likely to be suitable
targets for prevention and intervention strategies.

A major strength of the present study is the quantifi-
cation of running activity data from runners who are
followed prospectively over time. Such data allow for
examining if a dose-response relationship between
change in training load and injury occurrence exists
using advanced time-to-event analyses of time-dependent
exposures and outcomes.** Based on this, it may become
possible to determine to which degree one or more
running sessions are excessive in terms of injury risk and
when runners are at a high risk of exceeding their body’s
limitations, taking into account various effect-measure
modifiers. In the scientific literature, this phenomenon
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. . 2 41
has been described as ‘running too much, too soon’,2

which across many sporting activities, has lately become a
hot topic in many sports science communities.?® ”®

Another major strength is the sample size counting
more than 20000 runners. Previously, prospective cohort
studies and trials have included 100-2000 runners.” "*"
Although these studies have been considered large scale
in terms of their sample size,” the statistical analyses have
been restricted to inclusion of three to seven, often time-
fixed, exposure variables in order to achieve robust anal-
yses without violating the assumptions regarding events
per variable.* For instance, using hazard rate ratio as a
measure of association requires 10 injuries per variable
included in the analyses.®" ® Taking change in running
distance, categorised into five groups, as an example, at
least 10x(5-1)=40 injuries would be required only for
this variable in case it is analysed using states. If one were
to examine the transitions** between the four states, 16
transitions are possible. This would require a minimum
number of injuries of 10x(16-1)=150 only for this single
variable. Based on this, analyses of the synergy between a
changing training load variable and multiple other expo-
sures have been impossible in the previous studies based
on sample sizes of 100-2000 runners and, consequently,
between 20 and 250 injuries per study."' Therefore,
new large-scale prospective data collections as the one
described in the present article are necessary to reach a
sufficient number of events per variable. Only such studies
will allow for robust statistical analysis on the synergy
between change in training load and non-running-activi-
ty-related variables on running-injury occurrence.

A third strength is the information technology (IT)
support provided by a commercial collaborator. In
running research, an underdiscussed challenge is the
difficulties related to obtaining the funding needed to
ensure that IT systems and gadgets are up-to-speed with
commercially available devices. Clearly, prospective moni-
toring of individual load using objective measures, as
promoted in a recent consensus-based statement by Soli-
gard et al,® is crucial for better understanding the aeti-
ology behind running injuries. In this light, researchers
need the objective data collected by commercially avail-
able devices. Researchers in the running injury commu-
nity previously developed web-based data infrastructures
to gather data on runners included in their studies.*! * %%
Although the efforts have been outstanding, the amount
of funding needed to keep the web-based data collec-
tion system up-to-date with the recent development in
GPS watches commonly used by the runners is consid-
erable and beyond the reach of most research studies.
Since it is a challenge for researchers to locate funding
sources, alternative options for data collection should be
considered. Manufactures of commercial devices often
have web-based solutions that allow runners to upload
their data to a web-based diary easily and efficiently. A
strength of such a web-based solutions is the continuous
software updates provided by the manufacturer to keep
the system up-to-speed with the most recent hardware

developments. Another strength is the access to the large
cohort of runners who use these web-based solutions. In
research, the recruitment of runners is a time-consuming
process. Drawing on the manufacturer’s assistance in the
recruitment phase allows us to include more than 20000
runners into our prospective cohort; a number, which
all things considered, must be considered extremely
large scale. The question remains if results from studies
on users of an internet-based training diary, like Garmin
Connect, are generalisable to all types of runners. Most
likely, the users of Garmin Connect are rather experi-
enced. This affects the external validity of the study since
the aetiology of running injury development presumably
differs between novice runners and more experienced
runners.'” To investigate the comparability across study
populations, the demographic characteristics of the
participants in the Garmin-RUNSAFE Running Health
Study will be compared with those of novice runners in
the DANO-RUN study,”* with the recreational runners
in the RUNCLEVER trial,84 and with the half-marathon
runners in the ProjectRun21.*

A major limitation in the present study is the use of
self-reporting of injury status. Ideally, in the present
study like in previous studies, all injured runners should
attend a clinical examination to validate the injury diag-
noses.'' # Although the sample size in the present study
is a strength, it is also a weakness in the sense that it is
impossible to establish a setup with possibilities for
clinical examination in all the countries from which
the runners are recruited. In addition to the limitation
regarding the need for clinical examinations, the choice
of injury definition could be discussed since it has been a
topic of much debate in the scientific literature.” > %% As
a further limitation, it is important to stress that contin-
uous measurement of factors such as muscle flexibility,
strength deficits, increased or decreased range of motion,
to name a few, is needed to fully grasp the mechanisms
behind running-related injuries.”’ Since it is impossible
to quantify all relevant data from the included runners,
it is unlikely that we will be able to identify all aetiolog-
ical mechanisms leading to injury based on the data set
collected.

ETHICS AND DISSEMINATION
The study design, its procedures and informed consent
form were presented to the Ethics Committee Central
Denmark Region (Request number: 227,/2016 — Record
number: 1-10-72-189-16). The Committee waived its
right to consider the study, which is not necessary under
Danish law owing to the observational nature of the study.
The Danish Data Protection Agency approved the study
(the Danish Data Protection Agency’s record number:
2015-57-0002; Aarhus University’s record number: 62908,
serial number 309). All included participants will provide
informed written consent prior to inclusion.

The publication of research results is of great impor-
tance for scientific qualification. Considering this and in
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appreciation of academic freedom, Garmin has agreed
that the authors are entitled to publish, present or by
other means make public any findings or results gener-
ated by the applicants in accordance with good interna-
tional standards for publication of research results (such
as the Vancouver Guidelines), provided that participants
have provided explicit consent for the study and that no
personal data (name, email address) are included in any
such publication or presentation.

The authors aim to publish their findings as peerre-
viewed articles in international journals, mainly journals
listed in the top 30% in the ‘Sports Science’, ‘Public
Health’ or ‘Statistics & Probability’ category at ISI Web of
Science/Journal Citation Reports. Examples of such jour-
nals include British Medical Journal, Sports Medicine,
British Journal of Sports Medicine, American Journal of
Sports Medicine and International Journal of Epidemi-
ology. The results are to be reported according to the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines for prospective cohort studies.
We expect to publish several publications based on data
collected in collaboration with Garmin before 1 January
2021. All results (negative, positive and inconclusive find-
ings) will be disseminated and published.
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