
VU Research Portal

The epidemiology of running for health: on health benefits, burden and costs of
injuries, and injury prevention in running
Hespanhol, L.C.

2016

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Hespanhol, L. C. (2016). The epidemiology of running for health: on health benefits, burden and costs of injuries,
and injury prevention in running. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/6d27758a-ee63-4894-8481-675f9002d5c5


General discussion



Chapter 9



9

   - 1 9 6    -

The general objectives of  this thesis comprised three aspects of  endurance running practice, 

namely (1) summarising the health benefits achieved through running; (2) describing 

the health and economic burden of  running-related injuries (RRI) in different running 

populations; and (3) evaluating the effectiveness of  a preventive approach targeting RRIs in 

trailrunners. Studying the beneficial effects, as well as the ‘negative’ side effects of  running 

is important to optimise the ‘net’ health effect of  running. Without doubt the health 

benefits of  recreational running surpass the burden through injury. Nonetheless injuries 

may occur, an in depth understanding on the magnitude and burden of  RRIs will facilitate 

the development of  RRI prevention approaches. Prevention of  RRIs further enhances the 

beneficial effects of  running, as the burden of  RRIs would be reduced, and, in turn, this 

would increase adherence and maintenance to running practice. Therefore, the general 

objectives of  this thesis are correlated, justifying to be presented herein together. 

Main findings

Running is healthy!

Chapter 2 showed that the current evidence supports that running is effective in providing 

substantial health benefits. The described meta-analyses concluded that endurance running 

significantly reduces body mass, body fat percentage, resting heart rate, and triglycerides; 

and significantly increases maximal oxygen uptake (VO2max) and high-density lipoprotein 

(HDL) cholesterol.1 Larger health benefits were found for running programmes that last 

longer, suggesting that adherence and maintenance of  running practice are important 

to achieve health benefits.1 Based on this evidence, it can be concluded that running is a 

proper activity to be advised to inactive individuals who seek to improve health through 

physical activity. 

Health burden of RRIs

Incidence and prevalence of  specific diagnoses of  RRIs

The systematic review presented in chapter 3 summarised the evidence on the incidence 
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and prevalence of  RRIs. The most frequent RRIs in the general running population were 

the medial tibial stress syndrome (shin splints), Achilles tendinopathy, and plantar fasciitis.2 

These findings corroborate with the results of  the prospective cohort study presented 

in chapter 6, in which it was found that Achilles tendinopathy, shin splints, and plantar 

fasciitis were among the most commonly reported RRIs in runners training for an event.3 

Chapter 3 also showed that the most frequent RRIs during ultra-marathon races were 

Achilles tendinopathy and patellofemoral pain syndrome.2 These findings corroborate 

with the results of  the prospective cohort study presented in chapter 7 that showed 

Achilles tendinopathy as the main RRI in trailrunners (partially composed of  runners 

who participated in ultra-marathon events).4

Prevalence and severity repeatedly measured over time

Chapters 6 and 7 present prospective cohorts comprised of  respectively runners training 

for an event and of  trailrunners.3,4 Both chapters employed, for the first time in runners, a 

methodology in which the presence and severity of  RRIs were measured repeatedly over 

time, irrespective of  time loss or medical attention. This methodology is the preferred 

measure for assessing overuse injuries, as explained in chapter 4. At any given time the 

prevalence of  RRIs ranged from 22.4% (95% confidence interval [CI] 20.9 to 24.0) in 

trailrunners4 to 30.8% (95% CI 25.6 to 36.0) in runners training for an event.3 In both 

cohorts under study, the prevalence of  RRIs was significantly higher for overuse than 

for acute RRIs.3,4 Interestingly, roughly 25% of  RRIs neither resulted in time loss nor 

required medical attention, supporting the hypothesis that defining RRI based only on 

these consequences may lead to an underestimation of  the true burden of  RRIs.3-5 More 

than half  of  the RRIs were classified as substantial (i.e., caused a moderate or major 

reduction in running volume or running performance, or had caused a complete inability 

to participate in running).3,4 

To the best of  our knowledge, such detailed findings on RRIs have not been described 

in the literature before. The implication is that, as discussed in chapter 4, measuring 

non-substantial (i.e., minor) complaints contributes to an early identification of  injuries, 

allowing for the implementation of  early interventions in order to prevent complaints from 

becoming more severe.6,7
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Economic burden of RRIs

The studies presented in chapters 5, 6, and 7 described the economic burden (i.e., the 

direct and indirect costs) of  RRIs. The costs were evaluated from a societal perspective, 

providing an overview of  RRI-associated costs, regardless of  who pays or benefits.8 An 

RRI was estimated to have an overall cost of  about €83 in novice runners (chapter 5),9 and 

€170 in runners training for an event (chapter 6)3 and in trailrunners (chapter 7).4 

Direct costs were estimated based on healthcare utilisation. In turn, healthcare utilisation 

costs were estimated based on standardised prices provided by the Dutch Health Insurance 

Board.10 Physiotherapy consultations represented most of  the healthcare utilisation, with 

80% to 89% of  the consultations.3,4,9 General practitioner consultations represented 6% 

to 9%, and medical specialist consultations represented 5% to 14% of  the healthcare 

utilisation.3,4,9 An RRI was estimated to have a direct cost of  approximately €60.3,4,9

Indirect costs were estimated based on absenteeism from work. In turn, costs related to 

absenteeism from work were estimated based on the mean income10 and working hours11 

of  the Dutch population according to age and gender. An RRI was estimated to have 

an indirect cost of  about €26 in novice runners (chapter 5),9 and approximately €110 in 

runners training for an event (chapter 6)3 and in trailrunners (chapter 7).4 This difference 

in indirect costs may be explained by true differences between populations, and/or 

differences in data collection between the cohorts described in chapter 5, and in chapters 

6 and 7. The study described in chapter 5 collected cost data twice (two and six weeks 

after the initial registration of  an RRI) during six weeks; RRI data were collected every 

week; and the definition of  an RRI was based on time loss (running hampered for three 

consecutive training sessions).9 The studies described in chapters 6 and 7 collected RRI 

and cost data every two weeks during 18 and 34 weeks, respectively; and the definition 

of  an RRI was not based on time loss or medical attention.3,4 These differences resulted 

in a higher proportion of  runners reporting RRIs during the follow-up (more than 60%), 

with longer duration per RRI (duration of  four weeks) in the studies described in chapters 

6 and 73,4 in comparison with chapter 5 (10.9% of  injured runners; duration of  three 

weeks).9,12,13 Studies with a higher RRI proportion and longer duration per RRI are more 

likely to result in higher absenteeism from work, yielding higher indirect costs.
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Prevention of RRIs

The randomised controlled trial described in chapter 8 evaluated in a 6-month randomised 

controlled trial, the effectiveness of  an online tailored intervention to promote preventive 

behaviour and to prevent RRIs in trailrunners. The intervention was devised together with 

trailrunners and based upon findings of  the prospective study presented in chapter 7.4 

Participants allocated to the intervention group received every two weeks online tailored 

advice towards the prevention of  RRIs. The advice provided were tailored to the running-

related complaints each participant reported in the prospective injury registration. 

Participants allocated to the control group only received a general online advice towards 

RRI prevention one week after baseline, and they did not receive any further information 

in the following six months. 

There was a ‘very strong’ level of  evidence (Bayes factor [BF] > 150)14 supporting a 

significant, but modest, preventive effect of  online tailored advice in reducing the odds 

of  a trailrunner in sustaining RRIs (odds ratio [OR] 0.92; 95% highest posterior density 

credible interval [HPD-CI] 0.86 to 0.98). Also, there was ‘strong’ evidence (20 < BF ≤ 

150)14 supporting a significant, but modest, preventive effect in reducing the number of  

RRIs sustained per trailrunner (rate ratio [RR] 0.96; 95% HPD-CI 0.92 to 0.99). However, 

the tailored approach was not effective in changing the determinants of  trailrunners in 

following the preventive advice, or in changing the included preventive behaviours they 

were advised about. 

Methodological considerations

Surveillance of RRIs

Most sports injury surveillance systems are effective in identifying acute injuries, which 

are characterised by a clearly identifiable onset and often result in time loss and/or 

medical attention.7 However, most RRIs are overuse injuries, which in contrast, are 

characterised by a gradual and no clear identifiable onset, and not necessarily lead to 

time loss or medical attention.2-4 There is evidence that suggests that traditional sports 

injury surveillance methods miss a substantial number of  overuse injuries.15 Consequently, 
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appropriate surveillance methods should be applied when investigating sports with a 

dominance of  overuse injuries, such as the case with running.3,4,7 The Oslo Sports Trauma 

Research Center (OSTRC) Questionnaire on Health Problems has been developed 

and validated with the purpose to prospectively identify and monitor any sort of  health 

problem in sports, including overuse injuries, acute injuries, and illnesses.15,16 The studies 

presented in chapters 6, 7, and 8 pioneered in the field of  RRI research by applying the 

OSTRC methodology to chart the burden of  RRI in more detail, and by employing the 

prospective measurements as a tool to tailor interventions in a preventive trial. Due to 

the impossibility of  identifying the onset of  overuse injuries, the OSTRC methodology 

works with prevalences measured over time, in order to measure the proportion of  injured 

individuals.15,16 Nonetheless, it is also possible to measure the incidence of  acute injuries, 

since the questionnaire also asks if  the complaint was registered for the first time in the 

system, which can be confirmed later by checking the data. 

Ideally, the OSTRC questionnaire should be applied every week.15,16 However, endurance 

runners usually run to achieve certain personal goals (e.g., improve health, improve 

performance, have fun) and not to make a living like professional athletes. Hence, they 

are not willing to spend much time filling out questionnaires on a weekly basis, and 

asking them to do so would have resulted in a low response rate. Therefore, the OSTRC 

questionnaire was administered every two weeks in the studies described in chapters 6, 

7, and 8. Although there is evidence suggesting that applying the OSTRC questionnaire 

every two weeks does not affect average measures compared to applying every week,15 

there was a time lag between measurements and one can not be sure if  the RRI was 

sustained at the beginning or at the end of  the 2-week period. 

Disadvantages of  the OSTRC questionnaire also include: the responses are subjective, 

since what one person interprets as a complaint may not be interpreted as a complaint 

for another person; the severity score translates the runners’ believes on how much the 

RRI had affected their running volume and/or performance, and does not differentiate 

between overall and peak burden during the 2-week period; and individuals may choose to 

not report problems because they need to complete additional questions (e.g., type of  injury 

and body region). Since there was no objective measure to check the validity of  the data 

collected through the OSTRC questionnaire, the internal validity of  this methodology is 
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still a matter of  concern. However, to the best of  our knowledge this is at present the most 

appropriate methodology to measure overuse injuries.

Longitudinal data

To deal with the longitudinal nature of  the data collected in the studies presented in 

this thesis, longitudinal data analysis techniques such as mixed models and generalised 

estimating equations (GEE) were applied where appropriate. An advantage of  longitudinal 

analysis is related to statistical power. The sample size required to achieve adequate 

statistical power is considered a critical methodological challenge when investigating 

RRIs.17 For example, a traditional sample size calculation would suggest a minimum of  

1,082 novice runners to be randomised in two groups, in order detect a 25% reduction 

in RRI proportion, based on an incidence proportion of  30% in the control group.17 

Using the same reference values,17 but now assuming 13 repeated measurements (every 

two weeks during six months), and a within-person correlation of  0.3 (additional reference 

values based on the sample size calculation of  chapter 8), the minimum required sample 

size would be 384 novice runners to be divided across both study groups. This illustrates 

that a longitudinal data approach partly overcomes the sample size issue. This is relevant 

when considering resources to conduct longitudinal studies, which is often expensive and 

time consuming.18

Advantages of  longitudinal analysis also include:18 use of  all data in the longitudinal 

dataset, instead of  reducing the repeated measures in a single value (e.g., the average); 

considering changes over time within individuals in the response and explanatory 

variables; considering the dependency between the repeated measurements; and improving 

efficiency of  statistical models by allowing random effects (mixed models) or assuming 

working correlation structures (GEE) instead of  correcting for many dummy variables. 

Disadvantages of  using such techniques include:18 computations may be complicated, 

but can be overcome by using advanced statistical packages such as R (R Foundation for 

Statistical Computing, Vienna, Austria), Stata (StataCorp, College Station, Texas, USA), 

and SPSS (IBM Corporation, Armonk, NY, USA); and longitudinal studies are often 

expensive and time consuming. 
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Frequentist and Bayesian approaches

A Bayesian statistical approach was used to analyse the results of  the randomised controlled 

trial presented in chapter 8. This was chosen to provide more relevant estimates based on 

population distributions, and to facilitate evidence communication by means of  presenting 

easier-to-interpret variability measures (i.e., 95% HPD-CI), especially for real-life and 

public health contexts. 

The most widely used approach to statistical inference in sports science is the frequentist 

approach, also known as the classical (Neyman–Pearson) statistical approach.19,20 The 

frequentist approach lies, most of  the time, in accepting or rejecting a null hypothesis by 

calculating the probability of  observing the acquired result or a more extreme result in a 

hypothetical series of  repeats of  the experiment (i.e., sampling distribution), assuming that 

the null hypothesis is true.19,20 Measures of  the frequentist approach include the p value 

and the 95% CI. 

Recently, criticism has been raised on how researchers and health professionals have 

been misinterpreting, misusing, and overemphasising frequentist hypothesis testing.20-22 In 

the frequentist approach one rejects the null hypothesis when a p value is smaller than 

0.05 or when a 95% CI around the outcome of  interest does not contain the no effect 

threshold, or does not overlap group means.20,21 When no statistical significance is reached, 

one concludes that there were no differences between groups of  interest. This approach 

allows for accepting or rejecting the null hypothesis without questioning the effect size 

or the variability of  the parameters investigated. Yet, such measures are in general very 

important for decision-making in real-life situations.20,21 

Alternatively, Bayesian inference is a statistical approach that treats the parameters of  

interest as random variables, and, therefore, parameters can be described with probability 

distributions.19,23 This approach allows assignment of  a probability to a hypothesis. 

Thereby, the Bayesian approach provides a more direct answer to a research question, and 

attaches levels of  evidence supporting this answer in terms of  probability. The implication 

is that decision-makers have more direct information on the population distribution of  

the parameter of  interest, in order to judge whether the level of  evidence is sufficient for 

application in real-life situations.
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Participatory research

The intervention described in chapter 8 was developed through a participatory approach, 

a process that involves the community in participating and taking actions in investigations 

towards improving the health of  those included in the community.24 This approach 

is important in tailoring interventions to the needs, preferences, and reality of  the 

community, and also to improve the dissemination of  interventions, increasing, therefore, 

the likelihood of  a successful implementation in practice.25 Sports injury prevention is 

a multistage, multidimensional, and interactive process26-28 that would probably benefit 

from participatory research. This could be achieved by connecting the user-based29,30 (also 

known as bottom-up31,32) approach to the source-based30,33 (also known as ‘science push’ 

or top-down31,32) approach. The source-based approach is derived from the researcher’s 

perspective under controlled conditions, in order to exclude confounding bias and, 

therefore, to yield internally valid conclusions.31 The user-based approach is derived from 

the community perspective by engaging users, experts, resources, and stakeholders to 

tackle the problem.31

The Knowledge Transfer Scheme (KTS) was proposed as a framework to bring together 

the source-based (top-down) and user-based (bottom-up) approaches in the field of  sports 

injury prevention, with the purpose of  bridging the gap between science and practice.32 

The KTS framework encourages participatory research by proposing the participation 

of  a Knowledge Transfer Group (KTG), composed of  researchers and people from the 

community, in the process of  developing and evaluating evidence-based interventions 

focused on the needs, preferences, and context of  the target population (i.e., evidence-

practice-based interventions). Therefore, the KTS was used as a framework for the study 

presented in chapter 8. This resulted in the development of  an effective intervention for 

RRI prevention with a moderate to high percentage of  trailrunners following at least one 

component (advice) delivered by the intervention (60% to 93%). This outcome exemplifies 

that participatory research is promising for the development of  effective interventions 

aimed at preventing sports injuries that are likely to be successfully implemented in 

practice, and may help, therefore, overcoming challenges of  implementation. 
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Implications for practice

The results presented this thesis showed that running is beneficial for health.1 The effects 

of  endurance running on biomedical indices of  health described in chapter 11 may 

partially explain the mechanisms leading to the effects of  running on reducing the risk 

of  all-cause and cardiovascular mortality,34 and disability35 found in previous studies. In 

addition, there is evidence suggesting that running is effective in increasing overall levels 

of  physical activity.36 Cardiovascular diseases are the number one cause of  mortality 

globally,37 and physical inactivity is a leading risk factor for mortality.38,39 Therefore, the 

prevention of  cardiovascular diseases and the promotion of  physical activity should be 

public health priorities.37-39 However, human and financial resources to achieve such 

purposes are challenging. Running is considered relatively easy to implement, since it 

is inexpensive, time efficient, and easily accessible.36,40 Also, there is evidence suggesting 

that implementing running is cost-effective as a means of  promoting physical activity.36,41 

Therefore, promoting running programmes may be a feasible solution to aid overcoming 

physical activity implementation challenges. Decision and policy-makers should invest 

and support policies towards implementing running programmes as a tool for: improving 

health; reducing disability and mortality; and reducing the burden of  physical inactivity.

Nonetheless, RRIs are side effects of  running, and their health and economic burden have 

been described in chapters 3, 5, 6, and 7.2-4,9 RRIs can reach such severity levels that might 

lead to dropping out of  running practice,3,4,13 counteracting efforts towards increasing 

physical activity levels. This evidence could be used to inform stakeholders on the risk 

and burden of  implementing running programmes, and, therefore, on the importance of  

incorporating RRI prevention strategies in such programmes. 

Despite the acknowledged importance of  RRI prevention, there is no substantial evidence 

on the effectiveness of  interventions to prevent RRIs.42-45 The randomised controlled trial 

presented in chapter 8 provides strong evidence that supports significant preventive effects 

of  online tailored advice on RRIs. Online tailored interventions are attractive due to their 

convenience, availability, interactivity, relative low cost to develop and implement, and 

their ability to reach a large number of  people.46,47 The findings regarding the effectiveness 

of  the online tailored advice presented in chapter 8 along with the evidence on the costs of  
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RRIs presented in chapters 5, 6, and 7, may be used to mobilise health insurance companies 

in supporting sports injury prevention by, for example, offering insurance-premium 

discounts or incentives to those who engage in organised physical activity programmes 

(e.g., running programmes) with embedded prevention strategies (e.g., RRI prevention). 

There is evidence suggesting that similar approaches were successfully implemented for 

weight loss48 and walking programmes in the United States.49 

Suggestions for future research

Running practice is a necessary cause for RRIs.50 Therefore, understanding the interaction 

between running exposure characteristics (i.e., duration, mileage, and frequency) and their 

relationship with RRIs is very important for RRI prevention. However, the evidence on 

the association between running exposure and RRIs is not consistent,51,52 blurring the 

understanding on the mechanisms behind the aetiology of  RRIs. Maybe, this inconsistent 

evidence is due to the manner as running exposure data has been modelled. It has been 

hypothesised that the higher the running exposure, the higher the risk of  RRIs.52,53 However, 

studies on sports injuries have found that either overtraining or undertraining may increase 

the risk of  injuries.54-60 Furthermore, studies have been suggesting that measuring the acute 

exposure (e.g., training workload during a week) in relation to the exposure one has been 

prepared for (e.g., chronic exposure measured as the average exposure for the last four 

weeks) is promising in predicting sports injuries.56-59 Therefore, future prospective studies 

should investigate the relationship between the acute:chronic workload ratio56-59 and RRIs.

Although the prevention of  overall RRIs is desired, different RRIs may have different 

injury mechanisms.2 Therefore, interventions targeting specific RRIs may provide larger 

preventive effects on the targeted RRI, than interventions aimed at preventing overall 

RRIs. Prevention programmes should be composed of  multiple components, for example, 

a basic effective component on the prevention of  overall RRIs (e.g., online tailored advice), 

and specific effective components for specific RRIs. Adding the preventive effects of  these 

components may enhance the likelihood of  preventing RRIs. However, multi-component 

interventions still need to be developed and evaluated in well-designed randomised 

controlled trials and, therefore, should be included in the agenda for future studies on RRIs. 
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In addition, the effectiveness of  online tailored advice should be evaluated in different 

running populations (e.g., novice and recreational road runners) in order to investigate 

whether or not the preventive effects are consistent across running groups. 

After evidencing that an intervention is effective, the next step is to evaluate if  the 

intervention is implementable in the real world (i.e., the non-controlled context).61 This 

includes measures of  implementation, such as those proposed by the RE-AIM framework,62 

but also economic evaluations, such as cost-effectiveness, cost-benefit, and/or cost-utility 

analyses.8 These evaluations help decision-makers and/or policy-makers in prioritising 

and allocating (public) health financial resources. Therefore, the implementation of  online 

tailored advice should be evaluated in future studies.

Conclusions

Based on the results presented in this thesis, the health benefits of  running outweigh the risk 

of  RRIs. Therefore, running can be advised for people who seek to improve their health 

by means of  engaging in vigorous-intensity physical activity. Nonetheless, the health and 

economic burden of  RRIs is substantial for the runners and for society. Therefore, RRI 

prevention is warranted. Online tailored advice is promising for RRI prevention, since it 

effectively reduced the risk of  RRIs in trailrunners. The evidence presented in this thesis 

suggests that the implementation of  running as a means of  improving health and reducing 

the burden of  physical inactivity is worthwhile. Also, the inclusion of  RRI prevention 

components in running programmes, such as online tailored advice, is warranted in order 

to minimise the burden of  RRIs for the runners and for society and, in turn, to enhance 

the health benefits of  running by means of  improving adherence and maintenance of  

running practice.
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