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Background 

Running, cycling and rowing are sports that involve movements without a distinct 

beginning or ending. Most disciplines in these types of sport require a large 

endurance capacity of the athletes. Endurance sports are characterized by 

repetitive movements with a duration of more than 75 seconds for which the 

aerobic metabolism is of utmost importance [16,37]. If an athlete aspires to excel 

in any type of endurance sport, many years of training at a high volume is 

needed [5,17,29,43]. During these years of physical training the athlete is 

balancing on a thin thread in order to manage the physical stress and recovery 

for the improvement of performance.  

Not only physical stress and recovery needs to be balanced, psychosocial 

stress and recovery can also influence the athletic balance [26]. The amount of 

psychosocial stress and recovery is dependent on the appraisal of stressful 

situations by the individual [46]. Examples of sources of psychosocial stress are 

pressure at school/work or a major life change that is negatively appraised (i.e. a 

negative life event) [36,46]. Examples of psychosocial recovery are having a 

good time with friends or feeling happy. So metaphorically speaking, the athlete 

who is already balancing on a thin thread needs to juggle at the same time.  

In the ideal world, athletes are able to perform at their best during races. In 

order to do that, athletes prepare well by distributing increasing training loads 

over a period of time. However, in the real world, athletes do not always perform 

as expected. It is quite common that a disappointing performance is explained 

by an athlete with one or more setbacks in the athlete’s personal life. This 

suggests that an athlete will perform worse than usual after a (series of) stressful 

event(s). It is mostly retrospective anecdotal evidence that supports the notion 

that psychosocial stress and recovery influences performance of athletes. Yet 

prospective scientific evidence of this phenomenon is still scarce.  

Conceptual models have been proposed in which the interaction 

between the athlete’s physical and psychosocial stress and recovery is related to 

performance [26] and injuries [1]. However, these concepts have not been 

studied extensively in sport practice. The total amount of stress and recovery is 

determined by both physical and psychosocial factors. Physical stress, physical 

recovery, psychosocial stress and psychosocial recovery all interact and should 

be carefully managed so that the improvement of performance is enabled and 
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the deterioration of performance and/or the occurrence of injuries are 

prevented. Monitoring these parameters is necessary to better understand the 

interactive nature of physical and psychosocial factors and the influence on 

performance parameters in the ongoing process. More detailed information 

about the parameters (i.e. physical stress, physical recovery, psychosocial stress, 

psychosocial recovery, performance parameters and injury parameters) will be 

provided further on.  

A well-trained athlete, who regularly disturbs the stress-recovery balance 

with high physical stress (training load) and who restores the balance with 

sufficient recovery, will likely improve performance. This is known as 

“supercompensation”. If the athlete is experiencing too much stress and/or 

insufficient recovery, the balance changes and performance may stagnate or 

decrease and the athlete may be more susceptible to injuries. On the other 

hand, physical stress and psychosocial stress may be related as well. High training 

loads can cause that an athlete perceives psychosocial stress, for example when 

the athlete has to plan his social activities next to an already demanding training 

schedule. Also insufficient physical and/or psychosocial recovery in an athlete’s 

spare time can cause the feeling of (too) high training loads. Thus, improving 

athletic performance is not only characterized by a physical process, but 

psychosocial components should also be taken into account. Therefore, stress 

and recovery should be viewed from a holistic perspective (see figure 1).  

For high level coaches and athletes it is important to know how training 

affects individual responses in performance parameters. Besides, changes in 

psychosocial stress and recovery could be taken into consideration when 

preparing and implementing a training program. This can help with the 

development of training programs that meet individual demands. Increased 

knowledge about non-training stress can help athletes to adjust physical stress 

(training) in relation to the total stress that is experienced [23]. Therefore, 

measuring and correctly interpreting physical and psychosocial stress, recovery 

and performance parameters on a regular basis is crucial.  Figure 1 is an 

illustration in which the interactive nature of changes in stress, recovery and 

performance is emphasized.  
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Figure 1. Monitoring endurance athletes. Adapted from Kenntä & Hassmén, 1998, p 15 

[26]. The rounded arrows depict the process of physical and psychosocial stress and 

recovery. It should be highlighted that the athlete’s capacities are implicitly intertwined 

with all parameters by measuring changes on an individual level. 

 

Monitoring physical stress & recovery  

Physical stress in terms of training load can be monitored by internal measures, for 

example, heart rate measures [3,34] or session Ratings of Perceived Exertion (sRPE) 

[13]. Physical stress can also be monitored by external measures, for example, 

distance, power output or duration [13,18]. The advantage of internal measures is 

that not only the current training intensity is measured but also the recovery and 

capacities of the athlete. For example, training at a certain power output 

(external load) is more demanding if the athlete trained at high intensity a few 

hours before (poor recovery), while the same training is less intense if the athlete is 

well rested (good recovery). Moreover, the same external load of a training 

session is more intense for an amateur athlete (low capacity) than for an elite 

athlete (high capacity). For accurate measurements, it is important that training 

load is monitored during each session [13]. 

Diverse findings have been published on the influence of training intensity 

on performance. It has been shown that low intensity training improves 

performance, while there was no relationship between high intensity training and 

performance [12]. However, it has also been stated that middle and high intensity 

training is related to improved performance while no relation with low intensity 

training was found [15]. Most studies used correlational analyses on a group-level 
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which does not take individual capacities or changes into account. Therefore, 

there is a need to investigate the longitudinal relationships between training load 

and performance taking individual development into account. 

There is no consensus about the best way to monitor training load and/or 

intensity but the combination of internal measures (heart rate and sRPE) in 

combination with an external measure (training duration) can provide a useful 

indication. Previous research has shown that the categorization of training 

intensity by heart rate measures and sRPE are closely related [42]. For longitudinal 

monitoring over multiple seasons, sRPE is the least time consuming method to 

collect training information and is easy to use in daily practice.  

 

Monitoring psychosocial stress & recovery  

Psychosocial stress and recovery are also prone to changes over time [9,22,39]. 

Several aspects of psychosocial stress and recovery can be monitored. Previous 

studies have shown that an imbalance of stress and recovery can be reflected by 

changes in mood state [26]. Questionnaires like Profile of Mood States (POMS) [32] 

focus on the symptoms of disturbed stress and recovery and Daily Analysis of Life 

Demands of Athletes (DALDA) [39] gives an overview of sources of stress. The 

recovery and stress questionnaire for athletes (RESTQ-Sport) focuses on the 

perception and the sources of stress and recovery [25]. It has been shown that a 

worsened stress and recovery state is associated with reduced performance 

gains [4,40], performance drop [8,9] and impaired physical recovery [31,45]. 

However, studies involving the RESTQ-Sport of endurance athletes generally 

investigated the effects of intensified training on psychosocial stress, recovery and 

performance, instead of investigating the interaction of changes in psychosocial 

stress and recovery, training parameters and performance [9,11,22,24]. Insight in 

changes in the perception and sources of psychosocial stress and recovery of 

endurance athletes and the relationship with training and performance can be 

helpful for coaches. This information can be taken into account when training 

programs are designed for the individual athlete. 

 

Monitoring performance parameters  

Although performance during competition is the most important parameter for an 

athlete, this parameter has its limitations since it is influenced by, for example, 
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environmental conditions [19,44] and pacing strategy [14] during the race. There 

is little or no consensus about standardised tests that can be performed regularly 

to detect changes in physical performance. The test that has been used the most 

in endurance sports is the incremental exercise test to determine VO2max. 

Athletes have to run, cycle or row until exhaustion for a reliable measure of 

VO2max. Adding tests to an already demanding training program requiring 

maximal effort increases the total amount of physical stress and may disturb the 

balance of stress and recovery of an athlete [33]. Moreover, athletes need to be 

highly motivated so that reliable measures of maximal performance can be 

obtained [2]. This may not be the case if athletes have to perform these tests 

frequently. Therefore, to evaluate performance parameters regularly, submaximal 

exercise tests could be a valid alternative. The following submaximal 

performance parameters have the potential to monitor endurance performance 

of i.e. runners, cyclists and rowers: Submaximal oxygen uptake [41], submaximal 

heart rate at a predetermined intensity [6] or intensity at a predetermined 

submaximal heart rate [28] and heart rate recovery [10]. However, not all types of 

endurance can be measured with a test that is readily available. 

 It is important to use a sport-specific test to measure submaximal 

performance parameters accurately. Such a test is preferably non-invasive, so 

that it can be incorporated into the training schedule without additional efforts. 

An example of a non-invasive sport-specific submaximal test is the Lamberts and 

Lambert Submaximal Cycle Test (LSCT) with which intensity at a predetermined 

submaximal heart rate and heart rate recovery can be measured. It is known that 

the LSCT is a reliable and valid test to monitor and predict cycling performance of 

male and female cyclists [28]. The design of this test is of interest because it 

includes multiple performance parameters and it can potentially be transferred 

to a rowing ergometer test and a running treadmill test. 

 

Monitoring injuries 

Monitoring injuries of athletes is important because an injury can be detrimental 

to an athletic career. The time loss because of injuries is inherent to reduced 

training and the inability to compete. It has been proposed that a disturbed 

balance between stress and recovery increases injury risk [46] (see also figure 1). 

Therefore, it is important to investigate the factors that can cause an increased 
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risk of sustaining an injury. A challenge in injury research is how to monitor and 

define injury. The definition of an injury impacts the injury incidence of runners [27]. 

In the current study, an injury was defined as any musculoskeletal problem of the 

lower extremity or back that led to an inability to execute training or competition 

as planned for at least one week [7]. It has been proposed that training errors 

predominantly cause overuse injuries [20,30]. In novice runners there has been 

some longitudinal research in which the risk of injuries was related to changes in 

training load [35]. However, in competitive runners training and injury data has 

not been collected by monitoring, but by retrospective questionnaires. These 

data has shown adverse results in which some authors did find a relationship 

between training load and injury risk [21] and some did not [38]. Therefore, 

monitoring athletes prospectively can add knowledge in order to prevent injuries.  

 

Aim & outline 

The aim of this thesis is to gain more insight into the ongoing interactions between 

physical stress and recovery, psychosocial stress and recovery and the influence 

on endurance performance parameters and injury prevalence. For that purpose 

we have monitored runners, cyclists, ice-skaters, triathletes and rowers for two full 

training seasons. Together with each coach we have created a monitoring 

system in which all athletes filled out a daily training log, weekly to 3 weekly 

RESTQ-sport questionnaires, each 6 to 7 weeks submaximal performance tests and 

injury registration at the time of occurrence. 

Chapter 1 explains the importance of monitoring psychosocial stress and 

recovery of female cyclists in relation to performance parameters. Changes in 

stress and recovery and the relationship with submaximal performance (intensity 

at a predetermined heart rate and heart rate recovery) were examined. 

Individual development was taken into account by using a multilevel approach. 

Chapter 2 is a special chapter because an unplanned event occurred 

during the monitoring period of the runners. It has been hypothesized that a 

negative life event has a large impact on psychosocial stress and recovery. In this 

chapter, the effect of this event on perceived psychosocial stress and recovery 

as well as submaximal performance are described. 

Chapter 3 provides insight into changes in physical stress and performance 

parameters of runners during an entire season. Physical stress was measured with 
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training intensity distribution. Running economy and submaximal HR were the 

measures of performance. Relationships between changes in training intensity 

and submaximal performance were examined by multilevel analyses in which 

individual differences were taken into account.  

It is assumed that changes in physical stress (training load) increases injury 

risk. As a consequence, athletes cannot perform at their best. Therefore, in 

chapter 4 it is described how changes in training load, training volume and 

training intensity of runners influence the odds of becoming injured. Also the type, 

moment and severity of injuries of runners are presented.  

In rowing, training regimes are exhaustive and are meant to improve 

performance. A new test for rowers is proposed in chapter 5 to track changes in 

performance without adding maximal effort to the already demanding training 

program. Submaximal testing of rowers offers the opportunity for future studies to 

investigate the influence of stress and recovery on rowing specific parameters. 

This chapter describes the reliability and validity of the submaximal rowing 

ergometer test. 

The last chapter of this thesis includes a general discussion, conclusions and 

practical applications.  
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ABSTRACT 

The purpose was to investigate perceived stress and recovery related to cycling 

performance of female athletes over one full year. Twenty female athletes (age, 

27±8years;   O2max, 50.3±4.6 mL·kg-1·min-1) were measured eight times in one year 

to determine perceived stress and recovery (RESTQ-Sport) in relation to cycling 

performance (Lamberts and Lambert Submaximal Cycle Test (LSCT)). All 19 

RESTQ-Sport scales were calculated and scores of the 4 main categories were 

determined (i.e. “General Stress”, “General Recovery”, “Sport-specific Stress” and 

“Sport-specific Recovery”). A balance score of total stress and recovery was 

calculated by “Recovery-Stress”. Power at the second stage (P80),third stage 

(P90) and heart rate recovery (HRR60s) of the LSCT were determined as 

performance parameters. One hundred-ten RESTQ-Sports and LSCT’s were 

analysed using a multilevel approach (random intercepts model). Higher “self-

efficacy” was related to all performance parameters. Higher total “Recovery-

Stress”, and lower “emotional stress” were related to improvement of P90 and 

HRR60s. Higher “Sport-specific Recovery” was related to improvement of P80, 

higher “General Stress”, “fatigue” and “physical complaints” were related to 

decreased P90 and higher “social stress” and “injury” were related to decreased 

HRR60s. Improved perceived recovery and stress contributed to an improved 

performance. Relevant information could be provided by monitoring changes in 

perceived stress and recovery of female athletes. 

 

Keywords: RESTQ-Sport; LSCT; heart rate recovery; power output; multilevel 

analysis  
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INTRODUCTION 

Balancing stress and recovery is important to improve endurance performance. 

The amount of stress and recovery of an athlete is not only determined by 

physical factors, but also by psychosocial factors. Kentta & Hassmen [13] 

proposed a conceptual model in which the interaction between the athlete’s 

stress, recovery and capacity is related to performance.  

There can be many sources of psychosocial stress in an athlete’s life. 

Sources of psychological stress can be for example, not meeting personal 

performance expectations, organizational demands of the sport and not being 

able to cope with the demands [4]. Sources of social stress can arise from 

interaction with coaches or teammates, but also from work and friends. These 

examples illustrate the multidimensional nature of psychosocial stress, that cannot 

be captured in a single measure. The amount of stress that an athlete perceives 

can be counterbalanced with sufficient recovery. However, for each athlete and 

each situation the specific perception of psychosocial stress and demands for 

recovery can vary because of an athlete’s personal characteristics and coping 

skills [4,19]. Examples of psychosocial recovery are having a good time with 

friends and feeling successful [12]. Psychosocial stress and recovery are subjective 

measures in which the athlete’s capacity for managing psychosocial stress and 

recovery is taken into account [10,12].  

Physical stress can be quantified by the training duration, distance and/or 

intensity (e.g. by Esteve-Lanao et al. [7]). However, these objective measures of 

physical stress do not consider influences of the athlete’s recovery and individual 

capacity. Within an athlete’s perceived stress it is assumed that the athletes take 

their own recovery and capacity into account. For example, training at a certain 

intensity can be perceived as “very stressful” if the athlete trained at high intensity 

a few hours before (poor recovery), while the same training is probably classified 

as “less stressful” if the athlete is well rested (good recovery). Moreover, the same 

training intensity can be perceived as “very stressful” by an amateur athlete (low 

capacity), while an elite athlete (high capacity) could perceive it as “less 

stressful”. The same principle applies to recovery. The objective measure of 

recovery time that is needed to cope with stress is dependent on the amount of 

stress and the athlete’s capacity. So, perceived stress and perceived recovery 
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takes into account the interrelationship between stress, recovery and the 

athlete’s capacities at that specific moment or across greater time span.  

Psychosocial and physical stress and recovery interact and can influence 

the ability of an athlete to adapt to training [13]. For instance, if an elite athlete 

trains at the same intensity (physical stress), but experiences psychosocial stress 

(e.g. due to trouble with friends), he/she can classify the training as more stressful 

which may cause suboptimal training load and stagnating performance.  

Imbalanced stress and recovery can be reflected by changes in mood 

state [13]. Results of previous studies show that there is an association between 

mood state and performance [1]. Disturbances in perceived stress and recovery 

are related to a decrease in performance [24].These relationships are mainly 

pronounced at the individual level. Although measures of mood state identify 

changing behavior and emotional state, it does not give a specific indication of 

stress or recovery sources that cause the change [11]. 

Overall, little is known about the relationship between perceived stress, 

recovery and endurance performance. Because of large intra-individual 

responses, there is a need for studies that examine long-term individual changes. 

Accordingly, the observation of changes in stress and recovery prior to changes 

in performance can make appropriate interventions possible. Therefore, the 

purpose of this study is to investigate the contribution of perceived stress and 

recovery to endurance performance of athletes over one full year taking 

individual development into account. 

 

METHODS 

Participants and design 

Twenty competitive female athletes (5 triathletes, 4 cyclists and 11 ice-skaters) 

participated in this study. The athletes trained 7 hours per week on average and 

they all incorporated cycling regularly in their training program. Three of these 

athletes competed at regional level, 15 athletes competed at national level and 

2 athletes competed at international level. All athletes had at least 2 years of 

competition experience. The mean (± SD) age, height and weight were 27 ± 8 

years, 1.72 ± 0.05 m and 62 ± 5 kg, respectively. Preceding participation, all 

athletes were medically cleared according to the Lausanne recommendations 

[2] by a sport physician and written informed consent was obtained. Furthermore, 



PERCEIVED STRESS, RECOVERY AND PERFORMANCE 
 
  

 23 

all athletes performed a peak power output test in order to personalize the 

subsequent submaximal cycle tests. A longitudinal design was used to monitor 

perceived stress, recovery and cycling performance over the course of one year. 

Athletes were monitored on eight measurement times with the RESTQ-Sport [12] 

followed by the Lamberts and Lambert Submaximal Cycle Test (LSCT) [14]. All tests 

were performed with ~6 weeks in between in the same laboratory, in comparable 

conditions (temperature: 19.0 ± 1.1 ºC; humidity: 45 ± 14%). Athletes were asked to 

refrain from strenuous exercise and alcohol consumption the day before each 

test and consuming caffeine in the last three hours before each test.  The study 

was approved by the local ethics committee and meets the ethical standards of 

the journal [9]. 

 

Perceived stress and recovery 

Preceding all submaximal cycle tests, the athletes filled out the Dutch version of 

the RESTQ-Sport, which has shown sufficient reliability and validity [21]. The RESTQ-

Sport was used to assess perceived stress and recovery activities over the past 3 

weeks of the athletes. It has been stated that the questionnaire is reliable up to 4 

weeks [12]. The RESTQ-Sport consists of 77 items (including 1 warm-up item) which 

were divided in 19 scales of 4 items. Each item is scored on a Likert-type scale 

with values ranging from 0 to 6 (never - always). The answers indicate how often 

athletes took part in various activities over the past 3 weeks. Different aspects of 

general stress are included in the first 7 scales, there are 5 general recovery 

scales, 3 sport-specific stress scales and 4 sport-specific recovery scales. High 

scores on stress scales reflect high perceived stress and high scores on recovery 

scales reflect more recovery activities [12].    

 

Laboratory tests 

Peak power output test 

At the start of the monitoring period, all athletes performed a peak power output 

test starting at a workload of 2 W·kg-1. The workload was continuously increased 

by 20 W per minute until the athlete was unable to pedal at a cadence greater 

than 70 revolutions per minute (rpm) [14]. The athletes were instructed to cycle 

until exhaustion, and they were verbally encouraged to do their best during the 

test. The test was performed on an electronically braked cycle ergometer 
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(Excalibur Sport, Lode Medical Technology, Groningen, The Netherlands) and gas 

exchange was sampled breath-by-breath (Cortex Metalyzer 3B, Leipzig, 

Germany).  Peak power output (PPO) was defined as the average power during 

the last minute of the test.   O2max was defined as the highest 30 s   O2 interval 

observed during the test. Maximal heart rate (HRmax) was determined as the 

highest HR during the test. 

 

Submaximal cycling test 

The LSCT was used to monitor submaximal cycling performance. It has shown 

sufficient reliability (typical error of measurement = 1.3% - 4.4% [17]) and validity (r 

= 0.96 – 0.98 [14]) to measure cycling performance. The LSCT consists of three HR 

based exercise stages in which athletes are asked to cycle 6 minutes at 60%, 6 

minutes at 80% and 3 minutes at 90% of HRmax followed by a rest phase in which 

athletes would stop pedaling, sit up straight and refrain from speaking in order to 

capture heart rate recovery (HRR60s). Ratings of perceived exertion (RPE) (6 to 20) 

were obtained 30 seconds before the end of each exercise stage.  

Power output, cadence and time were measured and stored by the 

Computrainer® software (Computrainer Pro 3D, RacerMate, Seattle, USA) at 34 Hz 

and HR data was recorded every second by a Polar® heart rate belt (Kempele, 

Finland). Power output, cadence and HR were calculated over the last 5 minutes 

of stage 2 (P80) and over de last 2 minutes of stage 3 of the LSCT (P90). HRR60s was 

calculated as the difference between mean heart rate in the last 15 s of stage 3 

and mean heart rate in the last 15 s during the first minute of rest [6,17]. Both P80, 

P90 and HRR60s are indicators of athletic performance [6,14]. However, it is known 

that P80, P90 and HRR60s reflect different aspects of performance [3,6,14] and 

therefore these parameters were analyzed. All submaximal cycle tests were 

performed on the athlete’s own bicycle that was mounted to the Computrainer® 

ergometer. For a more detailed description of calibration of the Computrainer® 

and the LSCT protocol and analysis, see the study of Lamberts [14]. 

 

Data and statistical analysis 

All 19 RESTQ-Sport scales were calculated by the average of scores on the 4 items 

that belong to the specific scales. In addition, the average of scales within the 4 

main categories was calculated (i.e. “General Stress”, “General Recovery”, 
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“Sport-specific Stress” and “Sport-specific Recovery”) [12] and a balance score of 

total stress and recovery was calculated by “Recovery-Stress” [5]. 

P80 and P90 were expressed as a percentage of peak power during the 

peak power output test in order to correct for differences in basic fitness level of 

the athletes. Another important role in adaptation to training (i.e. performance) is 

played by the autonomic nervous system. Therefore, in addition to P80 and P90, 

HRR60s was used as performance parameter for further analysis. HRR60s was 

expressed as a percentage of individual HRmax during the peak power output test. 

In total, we were able to collect 110 out of 160 potential RESTQ-Sport and 

LSCT’s. Injury, illness, training camps abroad or other obligations of the athletes 

caused the missing tests. During 4 LSCT’s, HRR60s was not captured accurately due 

to equipment failure in the rest phase. Therefore, instead of 110 tests that were 

included for analysis of P90 during the LSCT, 106 tests were analyzed for HRR60s.  

Means and standard deviations were calculated for all RESTQ-Sport and 

LSCT parameters described above. For the purpose of investigating longitudinal 

changes, the data were analyzed using multilevel modelling with MLwiN [22]. 

Multilevel analysis can include dependent data and is an extension of multiple 

regression analysis. The benefit of multilevel analysis is that the number of 

measurements is allowed to vary between athletes. This is inevitable in a 

longitudinal design over a year. The first step was to create an empty model for 

P80, P90 and HRR60s separately, using a random intercepts model with two levels 

in which “measurement time” (level 1) is nested within “athlete” (level 2). The 

second step was to investigate if age influences P80, P90 and HRR60s by adding 

the term to the model. Differences over time were also investigated by adding 

measurement time to the model of P80, P90 and HRR60s. If the models including 

age or measurement time showed a significantly better fit than the first model, 

the term(s) would be included for further analysis. The third step was to add all 

RESTQ-Sport scales and main categories separately in order to investigate the 

relationship between perceived stress, recovery and performance parameters 

(i.e. P80, P90, HRR60s). The contribution to the models for P80, P90 and HRR60s of 

age and RESTQ-Sport scale or category (i.e. predicting variables) was evaluated 

by comparing the -2 log likelihood of the empty model with the model which 

includes predicting variables. Significance was set at 0.05. 
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RESULTS 

Perceived stress and recovery 

Figure 1 shows the average outcomes of the 19 RESTQ-Sport scales for all 8 

measurement times.  

 

Laboratory tests  

Outcomes of the peak power output test are shown in Table 1. 

 

 
Table 1. Outcomes of the peak power output test (mean ± sd) 

 
N = 20 

  O2max (L·min-1) 3.1 ± 0.4 

  O2max  (mL·kg-1·min-1) 50.3 ± 4.6 

RERmax 1.30 ± 0.07 

PPO (W·kg-1) 4.87 ± 0.39 

PPO (W) 301 ± 24 

HRmax (bpm) 185 ± 11 

HRmax is maximal heart rate during the peak power output test; PPO is peak power output.  

 

Data in Table 2 show that there are minor changes in average performance 

parameters measured during the LSCT’s (i.e. P80, P90 and HRR60s) over the 8 

measurement times.  

 

Multilevel analyses 

In the first step of the multilevel analysis, empty models were created for P80, P90 

and HRR60s. Intercepts, estimates and variances within and between athletes are 

displayed in Table 3, Table 4 and Table 5.  

The second step revealed that including age and measurement time to 

the models of P90 and HRR60s did not improve the models significantly. This means 

that age did not have a significant influence on P80, P90 and HRR60s. Furthermore, 

it indicated that there was no typical increase or decrease in performance over 

measurement times across the year for the group as a whole. 

 The models for P80, P90 and HRR60s involving stress and recovery 

parameters are described below. 
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Figure 1. RESTQ-Sport scores of all athletes over the entire period 
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Table 2. Physiological and subjective responses to the submaximal cycling test (LSCT) (mean ± SD) 

 LSCT1 LSCT2 LSCT3 LSCT4 LSCT5 LSCT6 LSCT7 LSCT8 

 N = 15 N = 16 N = 19 N = 18* N = 11 N = 10** N = 11* N = 10 

P80 % 49.6 ± 5.7 50.1 ± 4.9 50.4 ± 5.4 52.0 ± 5.6 52.2 ± 4.0 54.2 ± 4.5 53.6 ± 5.2 52.6 ± 3.1 

P80 (W) 153 ± 25 151 ± 19 154 ± 25  157 ± 23 157 ± 22 164 ± 18 166 ± 23 157 ± 19 

Rpm80 93 ± 9 92 ± 7 92 ± 5  92 ± 6 96 ± 5 95 ± 8 93 ± 9 90 ± 10 

RPE80 14 ± 1 13 ± 1 14 ± 1 14 ± 1 14 ± 1 14 ± 1 14 ± 1 14 ± 2 

HRdif80 -0.2 ± 1.3 -0.1 ± 0.9 -0.4 ± 1.7 -0.3 ± 1.6 0.2 ± 1.3 -0.6 ± 1.2 -0.5 ± 1.2 0.1 ± 1.0 

P90 % 65.8 ± 6.0 65.4 ± 5.6 66.2 ± 6.9 67.3 ± 6.6 69.2 ± 6.6 69.6 ± 4.5 69.3 ± 5.7 67.4 ± 5.4 

P90 (W) 199 ± 28 194 ± 22 200 ± 30 202 ± 29 208 ± 31 212 ± 27 212 ± 26 201 ± 27 

Rpm90 93 ± 7 93 ± 7 93 ± 5 92 ± 11 94 ± 10 96 ± 8 94 ± 12 92 ± 11 

RPE90 16 ± 1 16 ± 1 16 ± 1 16 ± 1 16 ± 1 16 ± 1 16 ± 1 16 ± 2 

HRdif90 1.4 ± 1.3 1.4 ± 1.1 0.8 ± 1.2 0.4 ± 1.5 0.4 ± 1.2 0.9 ± 1.9 0.3 ± 1.2 0.7 ± 1.3 

HRR60s 23.9 ± 5.1 24.9 ± 5.8 23.3 ± 5.7 24.0 ± 6.2 27.0 ± 5.5 28.8 ± 4.8 25.9 ± 7.8 29.0 ± 5.9 

P80 % = Power output in stage 2 as a percentage of peak power output 

P80 (W) = Power output in stage 2  

P90 %= Power output in stage 3 as a percentage of peak power output 

P90 (W) = Power output in stage 3  

Rpm = Revolutions per minute in stage 2 (80) and stage 3 (90) 

RPE = Rating of Perceived Exertion in stage 2 (80) and stage 3 (90) 

HRdif = Heart rate (HR) expressed as the difference from predetermined HR in stage 2 (80) and stage 3 (90) 

HRR60s = Heart rate recovery expressed as a percentage of individual maximal heart rate 

*HRR60s was not accurately captured for 1 subject and 2 subjects (**) due to a technical difficulty. Therefore, N=17, N=8 and N=10 for HRR60s 

during LSCT4, LSCT6 and LSCT7, respectively 
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P80 

The results, as shown in Table 3, indicated that a higher “Sport-specific Recovery” 

was related to a higher performance measured by P80. The estimate indicated 

that P80 increased with 1.81% as “Sport Specific Recovery” increased with 1 unit 

on a range of 0 to 6 (never – always). “General Stress”, “General Recovery” and 

“Sport-specific Stress” were not significantly related to P80.  

 Next to the summed scales, the subscale “self-efficacy” of the RESTQ-Sport 

contributed to modelling performance. Only the significant contributions of the 

subscales are shown in Table 3. Increased “self-efficacy” of 1 unit contributed to 

an increased P80 by 1.74%. 

 

P90 

The results, as shown in Table 4, indicated that a higher “General Stress” was 

related to a lower performance measured by P90. The estimate indicated that 

P90 decreased with 2.68% as “General Stress” increased with 1 unit on a range of 

0 to 6 (never – always). Table 4 shows that a better balance of “Recovery-Stress” 

was related to an increased P90 of 0.65% per unit of “Recovery-Stress”. To the 

contrary, “General Recovery”, “Sport-specific Stress” and “Sport-specific 

Recovery” were not significantly related to P90.  

Next to the summed scales, several subscales of the RESTQ-Sport 

contributed to modeling performance. Only the significant contributions of the 

subscales are shown in Table 4. An increase in the general stress scales “Emotional 

stress”, “fatigue” and “physical complaints” were related to a decrease in P90. An 

increase of 1 unit on these scales predicted a decreased P90 by 2.40%, 1.79% and 

1.27%, respectively. On the other hand, increased “self-efficacy” contributed to 

an increased P90 by 1.67%. 
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Table 3. Multi-level models of relative power output during stage 2 of the submaximal test (LSCT) 

 Fixed Random     

n = 110 Intercept  

constant 

Estimate Level 2  

between cyclists 

Level 1  

within  cyclists 

-2* 

Log-likelihood 

p 

Empty model 51.37 (0.89) - 12.84 (4.97) 14.57 (2.17) 641.5 - 

∑General stress 53.67 (1.86) -1.47 (1.04) 13.21 (5.07) 14.19 (2.12) 639.5 0.16 

∑General recovery 51.90 (3.27) -0.17 (0.99) 12.81 (4.97) 14.57 (2.17) 641.4 0.87 

∑Sport-specific stress 52.56 (1.55) -0.93 (0.99) 12.91 (4.99) 14.41 (2.15) 640.6 0.35 

∑Sport-specific recovery 46.47 (2.23) 1.81 (0.75) 14.84 (5.53) 13.39 (2.00) 636.0 0.02* 

∑Recovery - ∑Stress 49.93 (1.29) 0.48 (0.30) 13.73 (5.22) 14.03 (2.09) 639.1 0.12 

Self-efficacy 46.78 (1.71) 1.74 (0.54) 15.27 (5.62) 12.77 (1.90) 632.1 0.00* 

An empty model for power output during stage 2 of the LSCT is shown which is estimated with one fixed factor (intercept). In addition to the 

empty model, the models including all summed categories of the RESTQ-sport are displayed. Also, the models are shown for separate scales 

of the RESTQ-sport that are significantly better than the empty model. The estimate is average change in predicted relative power output 

when scores on the RESTQ-sport increase with 1 arbitrary unit . All values are given as estimates and standard errors (SE). 
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Table 4. Multi-level models of relative power output during stage 3 of the submaximal test (LSCT) 

 Fixed Random     

n = 110 Intercept  

constant 

Estimate Level 2  

between cyclists 

Level 1  

within  cyclists 

-2* 

Log-likelihood 

p 

Empty model 67.06 (1.13) - 22.63 (8.12) 15.56 (2.32) 657.2 - 

∑General stress 71.25 (2.07) -2.68 (1.09) 24.58 (8.61) 14.39 (2.15) 651.5 0.02* 

∑General recovery 66.31 (3.61) 0.23 (1.08) 22.79 (8.20) 15.53 (2.31) 657.2 0.82 

∑Sport-specific stress 69.25 (1.77) -1.72 (1.06) 22.80 (8.15) 15.11 (2.25) 654.6 0.11 

∑Sport-specific recovery 63.14 (2.47) 1.44 (0.80) 25.28 (8.92) 14.74 (2.20) 654.2 0.08 

∑Recovery - ∑Stress 65.08 (1.53) 0.65 (0.32) 25.03 (8.84) 14.62 (2.18) 653.3 0.05* 

Emotional stress 70.88 (1.88) -2.40 (0.92) 24.75 (8.73) 14.28 (2.13) 650.9 0.01* 

Fatigue 69.95 (1.65) -1.79 (0.72) 24.32 (8.56) 14.40 (2.15) 651.4 0.02* 

Physical complaints 69.06 (1.52) -1.27 (0.64) 22.25 (7.97) 14.98 (2.23) 653.4 0.05* 

Self-efficacy 62.66 (1.95) 1.67 (0.58) 26.91 (9.38) 13.86 (2.07) 649.7 0.01* 

An empty model for power output during stage 3 of the LSCT is shown which is estimated with one fixed factor (intercept). In addition to the 

empty model, the models including all summed categories of the RESTQ-sport are displayed. Also, the models are shown for separate scales 

of the RESTQ-sport that are significantly better than the empty model. The estimate is average change in predicted relative power output 

when scores on the RESTQ-sport increase with 1 arbitrary unit. All values are given as estimates and standard errors (SE). 
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Table 5. Multi-level models of relative heart rate recovery (HRR60s) after stage 3 of the submaximal test (LSCT) 

 Fixed Random     

n = 106 Intercept  

constant 

Estimate Level 2  

between  cyclists 

Level 1  

within  cyclists 

-2* 

Log-likelihood 

p 

Empty model 24.39 (1.20) - 26.80 (9.15) 10.25 (1.56) 600.63 - 

∑General stress 26.31 (1.88) -1.22 (0.94) 24.88 (8.54) 10.22 (1.56) 599.0 0.21 

∑General recovery 19.90 (3.14) 1.42 (0.92) 24.32 (8.36) 10.19 (1.55) 598.3 0.13 

∑Sport-specific stress 26.64 (1.62) -1.75 (0.89) 24.33 (8.35) 10.02 (1.53) 596.9 0.05* 

∑Sport-specific recovery 21.52 (2.19) 1.06 (0.68) 25.55 (8.72) 10.07 (1.54) 598.2 0.12 

∑Recovery - ∑Stress 22.66 (1.40) 0.58 (0.27) 23.46 (8.08) 10.04 (1.53) 596.4 0.04* 

Emotional stress 27.53 (1.71) -1.96 (0.79) 24.35 (8.32) 9.78 (1.49) 594.7 0.02* 

Social stress 28.31 (1.72) -2.72 (0.89) 24.50 (8.33) 9.42 (1.44) 591.6 0.00* 

Injury 26.24 (1.50) -1.02 (0.51) 25.97 (8.83) 9.86 (1.51) 596.7 0.05* 

Self-efficacy 21.72 (1.76) 1.01 (0.49) 25.96 (8.86) 9.84 (1.50) 596.5 0.04* 

An empty model for HRR60s after stage 3 of the LSCT is shown which is estimated with one fixed factor (intercept). In addition to the empty 

model, the models including all summed categories of the RESTQ-sport are displayed. Also, the models are shown for separate scales of the 

RESTQ-sport that are significantly better than the empty model. The estimate is average change in predicted HRR60s when scores on the 

RESTQ-sport increase with 1 arbitrary unit. All values are given as estimates and standard errors (SE). 
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HRR60s 

An increase in “Recovery-Stress” and “self-efficacy” and a decrease of 

“emotional stress” were related to an increase in HRR60s (Table 5), which was in 

line with the findings for P90. In contrast to models of P90, “General Stress” was not 

contributing to the model of HRR60s. In addition, it is shown in Table 5 that an 

increase of 1 unit in “Sport-specific Stress” contributed to a decrease in HRR60s of 

1.75%. Also,  an increase of the RESTQ-Sport subscales “social stress” and “injury” 

were related to decreased HRR60s with estimates of -2.72% and -1.02%, 

respectively.  

 

DISCUSSION 

The present study was designed to assess the contribution of perceived stress and 

recovery to performance parameters, taking individual development into 

account. The main results were that the “Recovery-Stress” balance showed a 

positive contribution to the performance parameters. Whereas the subscale 

“emotional stress” showed a negative contribution to P90 and HRR60s and “self-

efficacy” showed a positive contribution to P80, P90 and HRR60s. Moreover, higher 

“Sport-specific Recovery” scores were related to higher P80, higher “General 

Stress” scores were related to lower P90 and higher “Sport-specific Stress” scores 

were related to lower HRR60s. These results indicate that there was a relationship 

between individual changes in perceived stress and recovery and changes in 

cycling performance during an athletic year of females. 

It has been shown that intra-individual variation in P90 is 4.6 W for athletes 

with a PPO of 382 W [17]. In other words, intra-individual variation in performance 

within an individual’s capacity was 1.2%, i.e. P90 expressed as a percentage of 

PPO. For example, an increase of 1 unit on a scale from 0 to 6 in “General Stress” 

was related to a decrease of 2.68% in P90. So, a meaningful increase in P90 was 

related to a decrease in “General Stress” of 1.2/2.68 = 0.45. Moreover, a change 

of 1.85 (=1.2/0.65) in “Recovery-Stress”, -0.50 in “emotional stress”, -0.67 in 

“fatigue”, -0.94 in “physical complaints” and 0.72 in “self-efficacy” was related to 

a meaningful increase in P90. Since these magnitudes of changes are realistic, it 

can be concluded that changes in perceived stress and recovery can be related 

to meaningful changes in performance.  
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A change in HRR60s is meaningful as it exceeds 0.8% (i.e. intra-individual 

variation of 1.6 beats with an average HRmax of 190 bpm [18]). Changes in “Sport-

specific Stress” of -0.46 (=0.8%/-1.75), “Recovery-Stress” of 1.38, “emotional stress” 

of -0.41, “social stress” of -0.29, “injury” of -0.78 and “self-efficacy” of 0.79 were 

related to a meaningful increase in HRR60s. This indicates that realistic changes in 

perceived stress and recovery were associated to meaningful changes in HRR60s.  

P90 and HRR60s were both related to “Recovery-Stress”, “self-efficacy” and 

“emotional stress”. However, P90 was related to “General Stress”, “fatigue” and 

“physical complaints” and HRR60s to “social stress” and “injury”. Although both 

parameters are indicators of athletic performance [6,14], P90 is a submaximal 

predictor of cycling performance [14], whereas HRR is related to physical 

fatigue/increased training loads [6,15,16] and may reflect the athlete’s ability to 

respond to exercise [3]. This possibly explains that some relationships in our study 

were similar and that there were also differences in relationships with stress and 

recovery parameters. It may be remarkable that the subscale “fatigue” was 

related to P90 and not to HRR60s. The explanation could be that questions within 

that scale were not about physical fatigue (i.e. sport-specific stress), but about 

general fatigue (i.e. general stress), for example, from work. This indicates that 

there is an interaction between physical parameters and psychosocial 

parameters and underlines the importance of including psychosocial measures 

when considering performance changes. This is supported by an abundance of 

literature which indicates that psychosocial stress does not only have a negative 

influence on cognition, emotion and behaviour (psychosocial), but also on health 

and performance changes of adults [8,20,23]. Moreover, our finding that higher 

“Sport-specific Stress” was related to lower HRR60s indirectly supported the 

literature in which decreased HRR is related to less performance improvement 

after intensified training compared to athletes who showed an increased HRR 

[16]. The effect of intensified training on rate of increase in performance and 

change in HRR may be influenced by perception of sport-specific stress. Further 

studies that take physical as well as psychosocial variables into account should 

be undertaken. 

An interesting finding is that P80 is positively related to “Sport-specific 

recovery” in contrast to P90 being negatively related to “General stress”. Since 

P90 has shown a better predictive value for performance than P80 [17], we have 
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been able to put these findings into perspective. However, more research is 

needed to study why there is a difference in relationships between P80 and P90 

with perceived stress and recovery. In addition, the implications for monitoring 

training status with these different parameters should be investigated.  

This rather long term study measured 20 athletes in a well-controlled setting 

over 1 full season on 8 measurement times in which 110 tests out of 160 potential 

tests are performed. This means that the compliance rate was 68.8%. Injury and 

illness of the athletes caused a part of the missing data. The goal of our research 

was to investigate healthy athletes, therefore, data of injured and ill athletes 

should not be included for the interpretations. However, in an attempt to avoid 

missing data because of other reasons, it is recommended that future studies 

include the tests into individual training schedules of the athletes. 

Care should be taken when interpreting our results, as these do not prove 

causation. However, the following conclusions can be drawn: 1) an improved 

“Recovery-Stress” balance was related to an increased performance of female 

athletes and 2) “Sport-specific recovery” relates to P80, “General Stress” relates to 

P90 and “Sport-specific Stress” relates to HRR60s. In future research the cause-and-

effect relationship between perceived stress, recovery and performance by 

means of interventional studies in a multilevel perspective should be established 

including qualitative information to better understand underlying issues. 
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ABSTRACT  

The purpose was to investigate how a negative life event (NLE) affects perceived 

psychosocial stress, recovery and running economy (RE). Competitive runners 

were monitored in a prospective non-experimental cohort study over one full 

training season in which they experienced the same unplanned severe NLE. 

Sixteen runners recorded stress and recovery scores (RESTQ-Sport) every week. 

The average scores over 3 weeks before the NLE were used as a baseline and 

were compared to scores during the week of the NLE (week 0), week 1and week 

2. Seven runners completed a submaximal treadmill test before and after the NLE. 

Repeated measures ANOVA’s revealed that most scores on general stress scales 

were increased in week 0 and 1. Of the general recovery scales, “general well-

being” was decreased in week 0 and 1, “social” and “physical recovery” were 

decreased in week 0. No changes in the sport-specific stress scales were found. 

However,  two of the sport-specific recovery scales were decreased in week 0. An 

impaired RE was shown 3 weeks after the NLE. Therefore, it is important to know 

what is going on in an athlete’s life, because stressful life events alter RE after the 

stress and recovery already returned to normal levels. 

 

Keywords: perceived stress, competitive athletes, athletic training, exercise test, 

major life event   
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INTRODUCTION 

Negative life events (NLE’s) are a source of sudden changes in perceived 

psychosocial stress and recovery.  In addition, NLE’s are assumed to have an 

impact on training and performance of athletes. However, scientific evidence for 

this assumption is not available, because it is unethical to expose athletes to a 

NLE. NLE’s are defined as major life changes that are negatively appraised 

[23,33]. A NLE was in this study more specifically defined according to the 

taxonomy of Elliot and Eisendorfer (1982) as “stressful event sequences”, meaning 

a major event that causes a series of related challenges [8,29]. 

In the holistic model described by Kenntä and Hassmén it has been 

proposed that the balance between physical and psychosocial stress and 

recovery is related to athletic performance [16]. It is expected that a NLE disturbs 

psychosocial stress and recovery. In addition, a NLE could also be related to an 

increased perception of training stress. These changes in physical and 

psychosocial stress and recovery may eventually lead to a performance drop.  

One can imagine that a NLE (e.g. serious illness of a close family member, 

death of a family member/mate or being a victim of a crime) influences 

perceived psychosocial stress and recovery. To our best knowledge, there is no 

information available about this relationship in athletes. There is an abundance of 

literature about positive and negative emotions and mood, which are stress and 

recovery related measures, in caregivers of AIDS patients in the period before 

and after the patient passed away [9,20]. The caregivers showed an increase in 

negative affect and a decrease in positive affect two weeks after the death of 

the patients, within 1 month the outcomes were similar to the outcomes before 

[9]. It is important to keep in mind that this study involved caregivers who 

experienced long lasting stress before the death of the patient.  In another study, 

it has been shown that NLE’s are related to more daily hassles and less uplifts [14]. 

Daily hassles are defined as annoyances that occur during daily life and uplifts 

are events that make you feel good. These hassles and uplifts are only one 

component (i.e. mood) of perceived psychosocial stress and recovery. Previous 

research was done in middle-aged adults who experienced long lasting stress 

before the NLE or the study was in middle-aged adults and did not include an 

analysis of weekly changes after the NLE. Therefore, questions remain about the 



CHAPTER 2  
 
 

 42 

impact of a NLE’s on perception of psychosocial stress and recovery in well-

trained athletes. 

There is a wealth of literature indicating that stress can negatively influence 

cognition, emotion, behaviour and health of adults [11,18,29]. In addition, 

literature about overreaching/overtraining provides insights into performance 

decrements of athletes. Overreaching/overtraining of athletes is defined as an 

accumulation of training and/or non-training stress resulting in decrement in 

performance capacity, either short term or long term, respectively [19]. Although 

it has been recognized that psychosocial stress can be (part of) the cause of 

decreased performance, studies involving overreaching and overtraining 

generally investigated effects of intensified training on psychosocial parameters 

and performance instead of investigating the influence of increased 

psychosocial stress on training parameters and performance. Other studies have 

shown that worsened stress and recovery state is associated with reduced 

performance gains [3,25], performance drop [6,7] and impaired physical 

recovery [18,31]. However, to our best knowledge, there are no studies that 

investigated the influence of a NLE on disturbance in psychosocial stress and 

recovery and corresponding performance indicators of well-trained athletes. 

Prospective research in which a NLE happens unintendedly is the only 

possibility for investigation of the impact of a NLE on perceived psychosocial stress 

and recovery and performance indicators of athletes. The current study is part of 

a larger study in which several parameters including perceived psychosocial 

stress and recovery and performance indicators of approximately 90 endurance 

athletes were monitored for two years (running, cycling, rowing, ice skating and 

triathlon). Results of this large monitoring study are separated because of 

differences in research topics, protocols and sports. In its broad outlines, the 

research topics of the separated results are psychosocial stress and recovery, 

training distribution, injuries and submaximal performance. 

The competitive runners who participated in the study experienced a 

severe unplanned NLE during the monitoring period and were therefore included 

in the current study. The first goal of this study was to investigate how the NLE 

affects aspects of perceived psychosocial stress and recovery of competitive 

runners. It has been previously shown that a NLE influences physical parameters 

and that misbalanced stress and recovery can influence performance, therefore 
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the second goal was to assess the influence of a NLE on performance indicators 

of competitive runners. 

 

METHODS 

Participants and design 

Twenty-four competitive middle- and long-distance runners were monitored in a 

prospective non-experimental cohort study over one full training season (46 

weeks). Sixteen of these runners (11 male and 5 female) completed the required 

questionnaires for this study to monitor stress and recovery and were included. 

Three of these runners competed at international level, eleven at national level 

and two at regional level. The mean (± SD) age, height and weight were 23 ± 4 

years, 1.80 ± 0.05 m and 64.6± 7.0 kg, respectively. The runners who were included 

in this study did not differ in age, height, weight, VO2max and demographics 

from the 5 runners who were not included (p > 0.05). 

At the start of the study, a sport physician medically cleared all runners 

according to the Lausanne recommendations [4] and a written informed consent 

was obtained. During the monitoring period, the runners kept a daily training log 

in which they all reported the same severe NLE. Following ethical guidelines, we 

cannot report the exact nature of the NLE. However, examples of severe NLE’s 

are being a victim of crime, serious illness or injury of a family member or mate 

and death of a family member or mate [23,26]. It should be emphasized that all 

athletes experienced the same NLE and that the NLE was of a severe nature. The 

study was approved by the local ethics committee and meets the ethical 

standards of the journal [12]. 

 

Perceived psychosocial stress and recovery 

At the end of each week, the athletes filled out a Dutch online version of the 

RESTQ-Sport, which has shown sufficient reliability and validity for the purpose of 

monitoring changes in perception of stress and recovery. The test-retest reliability 

that was reported by Nederhof et al. was sufficient for most of the subscales 

(Cronbach’s alpha ranging from 0.70 to 0.90 for the 17 subscales [21]. Nederhof 

et al. showed insufficient reliability for “conflict/pressure” (Cronbach’s alpha; 0.55) 

and for “success” (Cronbach’s alpha; 0.67). Therefore, care should be taken 

when interpreting the results of these two scales. These reliability values are similar 
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to the results of the original questionnaire that was developed by Kellmann and 

Kallus [15]. The RESTQ-Sport was used to assess perceived psychosocial stress and 

recovery activities over the past week. The RESTQ-Sport consists of 77 items 

(including one warm-up item) divided into 19 scales of 4 items. Each item was 

scored on a Likert-type scale with values ranging from 0 (never) to 6 (always). The 

answers indicated how often athletes took part in various activities over the week. 

The questionnaire included seven general stress scales, five general recovery 

scales, three sport-specific stress scales and four sport-specific recovery scales. 

High scores on stress scales reflected high perceived psychosocial stress and high 

scores on recovery scales reflected more recovery related activities [15]. The 

scores of all separate scales were averaged over 3 weeks before the NLE to 

obtain a baseline measurement to which the outcomes of the week of the NLE, 1 

and 2 weeks thereafter were compared. 

 

Training log 

To monitor training load, all runners kept an online training log in which duration 

and perceived exertion of each training session was recorded. Duration was 

recorded in minutes and perceived exertion was measured by session Ratings of 

Perceived Exertion (sRPE) on a scale from 6 to 20, 30 minutes after completing a 

training session or race. Training load is calculated by multiplying the duration in 

minutes with sRPE scores. This method has been proved to be valid to determine 

global training load for training sessions [5,10]. Training frequency, duration and 

training load are calculated for each week by summing the scores. sRPE scores 

were averaged for each week. 

 

Laboratory tests 

At the beginning of the season, all runners performed a maximal incremental 

treadmill test. Running speed during the warm-up phase was determined 

individually, depending on the runner’s maximal speed that was predicted by 

their coach, to finish the test in 8 to 12 minutes [17]. After five minutes, the speed 

continuously increased by 0.8 km/h per minute. The runners were instructed to run 

until exhaustion, and they were verbally encouraged to do their best during the 

test. During the entire test, the slope of the treadmill was set at 2%.   O2max was 

defined as the highest 30 second rolling average of   O2 observed during the test. 
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Peak speed (Vpeak) was defined as the highest speed achieved by the runner 

during the test. Maximal heart rate (HRmax) was determined as the highest HR 

during the test. 

Submaximal tests were performed every 6-7 weeks and all runners were 

familiar to the test. The total duration of the submaximal test was 15 minutes. 

Running speed was set for 6 minutes at 55% (00:00 –06:00 min:s), 6 minutes at 70% 

Vpeak (6:00-12:00 min:s), followed by 3 minutes at 85% Vpeak (12:00-15:00 min:s). 

Runners were asked for their Ratings of Perceived Exertion (RPE) 30 seconds 

before the end of each stage (after 5:30, 11:30 and 14:30 min:s, respectively).  

Heart rate (HR) and running economy (RE) were calculated as submaximal 

performance indicators. The first stage of the submaximal test was used as warm 

up. HR during stage 2 (HR2) was calculated as an average of HR over the last 3 

minutes of the stage (9:00-12:00 min:s). Due to the slow half-life of HR [1], the first 

minute of stage 3 was excluded from the analysis, which means that heart rate in 

stage 3 (HR3) was calculated over the last 2 minutes (13:00 - 15:00 min:s). RE is 

defined as steady state   O2 during submaximal running [27]. To reach steady 

state   O2, 3 minutes of   O2 stabilization after an intensity change is required [13]. 

Therefore,   O2 is only calculated for stage 2 of the submaximal test.   O2 during 

stage 2 (  O2-2, respectively) was averaged over the same interval as HR2.   O2-2 is 

expressed as ml∙min-1. 

A preliminary study in our laboratory showed that the day-to-day variation 

of HR and   O2 during the submaximal treadmill test is 1-2% and 3%, respectively. 

These day-to-day variations are in line with previously measured variations [1,28]. 

All tests were performed in similar environmental conditions (temperature: 18.8 ± 

0.9; relative humidity: 39.7 ± 11.6) on the same treadmill (Lode Valiant, Groningen, 

the Netherlands). During all tests, the slope of the treadmill was set at 2%.  Gas 

exchange data were measured using an automated breath-by-breath analyser 

(Cortex Metalyzer 3b, Leipzig, Germany) and heart rate was recorded every 

second (Polar, Kempele, Finland). Runners were asked to refrain from strenuous 

exercise and drinking alcohol the day before each test and consuming caffeine 

in the last three hours before each test.  
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Data analyses 

Descriptive statistics were determined for all parameters and represented as 

mean ± SD. All outcome variables showed to be normally distributed by a 

Shapiro-Wilk’s test (p<0.05) [24,30], visual inspection of histograms, normal Q-Q 

plots and box plots. 

The period of data inclusion (RESTQ-Sport and training log) for this study 

was three weeks before the NLE, the week of the NLE and two weeks thereafter. 

In total, 96 RESTQ-sport questionnaires and 672 training log days were analysed. 

The average RESTQ-Sport scores, training frequency, duration, sRPE and training 

load over 3 weeks before the NLE were used as a baseline and compared to 

scores of week 0, 1 and 2 by repeated measures ANOVA’s with Bonferroni 

pairwise comparisons. Mauchly's test of sphericity was used to determine whether 

the variances of the data were equal and the Greenhouse-Geisser correction 

was applied when necessary. To calculate the magnitude of the difference 

between pre-test and post-test, partial Eta squared (partial η2) was calculated 

(where 0.1 is a small, 0.25 is a medium, and 0.4 is a large effect size). In the fourth 

week before and in the third week after the NLE, seven athletes (5 male and 2 

female) completed the submaximal test. These tests were analysed with paired t-

tests to detect changes in submaximal performance indicators (HR2, HR3 and 

  O2-2). Independent t-tests showed that there were no differences in age, height, 

weight,   O2max, RESTQ-Sport and training load between the entire group of 16 

athletes and the subgroup of 7 athletes who completed the tests. The previously 

described analyses of the RESTQ and training load were done for both groups. 

Significance was set at 0.05. All statistical analyses were performed with SPSS 20 

software (SPSS Inc., Chicago, IL, USA).  

 

RESULTS 

RESTQ-Sport 

Figure 1 shows the average scores of all RESTQ-Sport scales. All scores on general 

stress scales are significantly increased in the week of the NLE (week 0) (Table 1). 

These scores were still increased compared to baseline in the week thereafter 

(week 1), except for “social stress”. Of the general recovery scales, “general well-

being” was decreased in week 0 and 1; “social recovery” and “physical 
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recovery” were decreased in week 0. In week 2 there were no significant 

differences with the baseline. No significant changes in the sport-specific stress 

scales were found in the week during and the weeks after the NLE. However, 

“being in shape” and “self-efficacy” of the sport-specific recovery scales were 

decreased in the week of the NLE, but not the 2 weeks thereafter. 

 

Training log 

No change in training frequency was shown. Training duration decreased 

significantly with 102 minutes in the week of the NLE and 114 minutes in week 1, 

compared to baseline. In week 2 there were no significant difference between 

training load and training duration compared to baseline. There were no 

differences between baseline sRPE and sRPE in week 0, 1 and 2. However, weekly 

averaged sRPE scores in week 2 were 0.7 higher than sRPE in week 0. Weekly 

training load decreased significantly compared to baseline by 1611 AU in the 

week of the NLE and 1740 AU in week 1. These changes are shown by the solid 

line in Figure 2. 

 

Submaximal performance indicators 

Age, height, weight and   O2max of the 7 runners who completed the submaximal 

test before and after the NLE is 24 ± 4.5 years, 181 ± 8.7 cm, 67 ± 10.0 kg and 60.9 ± 

5.90 ml∙kg-1∙min-1. These characteristics are not significantly different from the 

entire group. Changes in RESTQ-Sport scales after the NLE of these 7 runners are 

the same as the changes of the entire group. However, these 7 runners do not 

show significant changes in training load, although the pattern of changes is 

similar (see Figure 2).  
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Table 1. Average RESTQ-sport and training log scores (± standard deviation) 

n = 16  Baseline Week 0 Week 1 Week 2 df F p Partial 

η2 

General  General stress  0.88 (0.57) 2.11** (0.85) 1.47* (0.89) 1.07 (0.76) 1.64, 24.54 18.82 0.000 0.556 

stress Emotional stress  1.24 (0.53) 2.00** (0.68) 1.67** (0.67) 1.26 (0.69) - 14.27 0.000 0.487 

 Social stress 1.04 (0.57) 1.72** (0.69) 1.36 (0.75) 1.09 (0.61) 1.92, 28.86 10.30 0.000 0.407 

 Conflicts/pressure 1.53 (0.71) 2.34** (0.75) 1.89* (0.65) 1.92 (0.78) - 12.12 0.000 0.447 

 Fatigue 1.30 (0.64) 2.03* (1.06) 1.79* (0.99) 1.38 (0.66) 2.11, 31.65 8.60 0.001 0.364 

 Lack of energy 1.47 (0.64) 2.92** (1.15) 2.03** (0.91) 1.75 (0.81) 1.44, 21.54 18.40 0.000 0.551 

 Physical complaints 1.25 (0.49) 2.17** (0.84) 1.86** (0.61) 1.31 (0.54) 1.77, 26.52 12.17 0.000 0.448 

General  Success 2.35 (0.54) 1.89 (0.79) 2.17 (0.55) 2.19 (0.51) 1.88, 28.26 2.67 0.090 0.151 

recovery Social recovery 3.22 (0.61) 2.47** (0.55) 3.02 (0.71) 3.11 (0.60) - 6.20 0.001 0.293 

 Physical recovery 2.98 (0.56) 2.14** (0.58) 2.70 (0.70) 2.88 (0.60) - 10.87 0.000 0.420 

 General well-being 3.34 (0.69) 2.00** (0.67) 2.59** (0.67) 3.13 (0.67) 1.93, 28.93 20.70 0.000 0.580 

 Sleep quality 2.33 (0.44) 2.34 (0.60) 2.41 (0.51) 2.33 (0.47) - 0.23 0.878 0.015 
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n = 16  Baseline Week 0 Week 1 Week 2 df F p Partial 

η2 

Sport- Disturbed breaks 1.03 (0.66) 1.09 (0.72) 1.02 (0.59) 0.92 (0.67) 2.03, 30.41 0.59 0.593 0.041 

specific  Emotional exhaustion 0.87 (0.68) 1.09 (0.81) 0.89 (0.82) 0.88 (0.55) - 0.88 0.458 0.056 

stress Injury 2.19 (0.63) 1.84 (0.58) 1.95 (0.70) 2.08 (0.73) - 1.45 0.241 0.088 

Sport- Being in shape 2.71 (0.66) 2.17* (0.49) 2.64 (0.75) 2.72 (0.71) - 4.34 0.009 0.224 

specific  Pers. accomplishment 2.78 (0.62) 2.80 (0.58) 2.92 (0.64) 2.91 (0.78) - 0.49 0.693 0.031 

recovery Self-efficacy 2.69 (0.63) 2.08* (0.65) 2.61 (0.78) 2.63 (0.82) - 3.52 0.023 0.190 

 Self-regulation 1.78 (0.63) 1.52 (0.87) 1.91 (0.73) 1.88 (0.95) 1.75, 26.27 1.42 0.250 0.086 

Training  Training frequency 6.5 (1.4) 6.0 (1.9) 5.7 (1.5) 6.4 (1.7) 2.00, 30.12 1.73 0.174 0.104 

log Training duration  539 (204) 437* (180) 425* (194) 473 (143) - 3.21 0.032 0.176 

 sRPE  14.8 (2.3) 14.3 (2.5) 15.0 (2.3) 15.0# (2.3) - 3.40 0.050 0.440 

 Training load  7271 (2875) 5660* (2469) 5531* (2782) 6335 (2173) - 3.78 0.017 0.201 

The baseline is the average of RESTQ-sport scales and training log over three weeks before the NLE. Adjusted degrees of freedom, F and p-

values are shown if the assumption of equal variances was violated (df). * = significantly different from baseline with p ≤ 0.05. ** = significantly 

different from baseline with p ≤ 0.01.  # = significantly different with p ≤ 0.05 from week 0. sRPE = session Ratings of Perceived Exertion. Training 

duration is expressed in minutes and training load is expressed in arbitrary units.  
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Figure 1 Average RESTQ-Sport scores. Baseline scores are averaged over 3 weeks before the NLE. The week of the NLE is week 0. * represents 

the scales that are in week 0 significantly different from the baseline. ** represents the scales that are in week 0 and in week 1 significantly 

different from the baseline. 
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Figure 2 Average training load (AU). The week of the NLE is week 0. The open squares are 

the averaged training load over 3 weeks before the NLE (baseline). The straight line 

represents the entire group (16 runners) and the dotted line represents the 7 runners who 

completed the submaximal performance tests.  
* represents the weeks of which the training load of the entire group was significantly 

different from the baseline. 

 

 

Table 2 shows paired t-test results of submaximal test results of 4 weeks 

before and three weeks after the NLE. No significant differences were found 

between submaximal HR before and after the NLE. However,   O2-2 significantly 

increased by 130 ml∙min-1, which is 3.5%. 

 

 
Table 2. Paired t-test results of submaximal test  

n = 7 Before NLE  

(SD) 

After NLE 

(SD) 

t p 

HR2 (bpm) 160 (9.7) 158 (10.3) 1.964 0.097 

HR3 (bpm) 174 (8.0) 172 (8.0) 1.370 0.220 

  O2-2 (ml∙min-1) 3689 (666.4) 3820 (659.6) -5.666* 0.001 

HR2 and HR3 are heart rate during the second and third stage of the submaximal test. 

  O2-2 is oxygen uptake during the second stage of the submaximal test (running 

economy). 

 



CHAPTER 2  
 
 

 52 

DISCUSSION 

The goals of this study were to investigate how aspects of perceived psychosocial 

stress and recovery are affected by a NLE and to assess the influence of a NLE on 

performance indicators. The first finding of this study was that a NLE impairs 

aspects of general stress, general recovery and sport-specific recovery of 

athletes. These changes were shown during the week of the NLE and one week 

thereafter. In the second week after the NLE, all perceived psychosocial stress 

and recovery scores returned back to baseline. The second finding was that RE 

decreased after the NLE. The decrease in RE was shown three weeks after the 

NLE, compared to four weeks before the NLE. A change in training load was 

shown in the week of the NLE and one week thereafter.  

A NLE influenced perceived psychosocial stress as well as recovery. 

Changes after the NLE were mainly shown by the increase of all general stress 

scales (e.g. “emotional stress” and “physical complaints”). Increased general 

stress was expected because NLE’s can affect the psychological wellbeing of a 

person [14]. Items of the RESTQ-Sport such as “I felt down” and “everything was 

too much for me” were scored higher, which means that these feelings were 

perceived more often. This is in line with the findings of a previous study in which 

positive states of mind and positive affect decreases and negative affect 

increases after a NLE [9]. Our results also showed that the scale of “physical 

complaints”, including items such as: “I felt physically bad” was scored higher up 

to one week after the NLE. Increased physical strain was also reflected in 

recovery scales of which “physical recovery” and “being in shape” were scored 

lower in the week of the NLE. These scales included items such as: “I felt physically 

relaxed” and “I recovered well physically”. These results are in line with a previous 

review showing that life stress can cause increased physical strain, for example 

decreased recovery and increased physical complaints [18]. 

The current findings showed increases in perceived psychosocial stress 

during the week of the NLE and one week thereafter. It is remarkable that the 

perception of stress returned to normal levels within two weeks. Social support 

and coping skills are important factors in effectively handling life stress [11] and 

may influence the perception of psychosocial stress. Therefore, an explanation for 

the relatively short period of disturbed psychosocial stress may be that all of the 

runners in our study trained in the same group and experienced the same NLE. 



INFLUENCE OF A NEGATIVE LIFE EVENT ON RUNNERS 
 
 

 53 

This might help the runners and coach to cope with the situation because they 

could support each other.  

Previous research showed that a decrease in training load after a training 

camp coincides with decreased perceived psychosocial stress (i.e. combined 

general and sport-specific stress) [7]. Because of the decreased training load 

after the NLE in the current study, one may expect a decrease in sport specific 

stress. However, current results did not show a decrease in sport specific stress 

which indicates that sport specific stress is not only influenced by training stress, 

but also by a NLE. This may confirm an interaction between physical and 

psychosocial stress and recovery [16]. It may also indicate that the sport specific 

stress scale of the RESTQ-Sport is not able to detect rather small changes in 

training load. However, future research should determine to what extent changes 

in training load reflect changes in the RESTQ-Sport scales. 

A reduced RE was shown after the NLE. The decrease in training load in the 

week of the NLE and the week thereafter are not likely to explain the reduction in 

RE, because it takes more than two weeks of altered training to induce changes 

in RE [2]. Decreased RE (i.e. increased submaximal VO2) that was shown after the 

NLE could be explained by the induction of a stress hormone response by the 

brain in a stressful situation [18]. It was shown in previous research that elite 

athletes with high life event stress had a higher cortisol concentration after an 

exhaustive exercise test, compared with athletes with low life stress [22]. Increased 

stress [3,25] and impaired recovery [31] coinciding with an elevated cortisol 

concentration could explain the finding of decreased RE. However, future 

research should investigate the relationship between changes in hormones 

caused by a stressful situation and the effect on RE. 

It is noteworthy that no changes in submaximal HR were shown in the 

current study. HR is modulated through the autonomic nervous system as a 

reaction to stress [32]. During exercise, activity of the parasympathetic nervous 

system decreases and activity of the sympathetic nervous system increases [34]. It 

may be that the parasympathetic nervous system is differently affected by 

psychosocial stress than the sympathetic nervous system [32], which could explain 

that HR was not altered during exercise after the NLE. However, further research 

should investigate the underlying mechanisms of this hypothesis. 
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We were able to include weekly RESTQ-Sport questionnaires and daily 

training logs of 16 competitive runners of 6 weeks. However, not all athletes 

completed the submaximal tests. The current study showed that the 

characteristics (age, height, weight and   O2max) and changes in perceived 

psychosocial stress, recovery and training load of 7 runners who completed the 

submaximal performance tests were similar to the changes that were shown by 

the entire group. This indicates that there was probably no selection bias. 

This unique prospective study among competitive runners who all 

experienced a NLE showed disturbed perception of psychosocial stress and 

recovery in the week of and the week after the NLE. Furthermore, three weeks 

after the NLE, a decrease in performance was shown, indicated by a reduced RE. 

These results imply that an NLE impairs perceived psychosocial stress, recovery 

and submaximal performance.  Therefore, it is very important to know what is 

going on in an athlete’s life, because stressful life events may alter performance 

of athletes after the stress and recovery returns to normal levels.  
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ABSTRACT 
The purpose was to quantify training intensity and study its relation with 

submaximal heart rate (HR) and running economy (RE) of competitive runners 

over an entire training season. Eighteen middle- and long-distance runners (age: 

23±4 years) were monitored 46 weeks by daily training logs and seven 

submaximal performance tests. Training duration was recorded in minutes and 

intensity was measured by session Ratings of Perceived Exertion (sRPE). Training 

duration was divided into three intensity zones: Zone 1, sRPE ≤13; zone 2, sRPE 14–

16; zone 3, sRPE ≥17. HR and RE were measured by submaximal treadmill tests. 

5229 training sessions/races and 73 tests were examined using multilevel analyses. 

Training duration was 8.2±1.0 hours/week. Duration in zone 1, 2 and 3 was 45±21%, 

42±23% and 13±15%, respectively. Based on sRPE-zones, more training in zone 1 

was related to lowered HR, but not to RE. Training in zone 2 was not associated to 

changes in HR and RE. Increasing training in zone 3 seemed to be 

disadvantageous to submaximal HR and RE. This research showed that there is 

large variation in training intensity and that it may be beneficial for HR and RE to 

change perceived high intense training to low intense training. 

 

Keywords: Athletes; Submaximal test; Athletic training; Multilevel model; Training 

zones 
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INTRODUCTION 

For high level coaches and athletes it is important to know how training intensity 

affects individual responses to training. However, there is an ongoing discussion 

about standardised tests that can be performed regularly to detect changes in 

training responses during a full season. Although race performance is the most 

important parameter of training adaptation, this parameter has its limitations 

since it is influenced by, for example, environmental conditions, terrain and head-

to-head competition. The most frequently used standardised parameter to 

predict middle- and long distance race performance is maximal rate of oxygen 

consumption (  O2max). To determine   O2max and race performance maximal effort 

of the runner is required, which may interfere with the training schedule if the 

runner is asked to perform regularly at maximal effort. Moreover, a reliable   O2max 

can only be obtained if runners are highly motivated [2]. This may not be the case 

when performed several times. Yet, it is known that   O2max is not the best measure 

to determine improvements in race performance of highly trained athletes 

[20,33]. Therefore, submaximal tests may be more suitable for monitoring 

purposes, as outcomes are not dependent on motivation, and there is no 

exceptional physical stress that may disturb the training program. 

Commonly used submaximal test parameters to measure training 

responses are submaximal heart rate (HR) and running economy (RE) [7,30,36]. It is 

well-established that submaximal HR at a standardised exercise intensity is a 

marker of physical fitness when considered within the same subject. RE is an 

important factor of endurance running performance which is defined as the 

energy expenditure at a certain running speed below the anaerobic threshold 

[16]. Both submaximal HR and RE can be improved by low intensity training [3,24]. 

In addition, it is known that high intensity training induces improvements in 

submaximal HR and may improve RE [10]. Changes in these parameters should 

be put into individual perspective because of a large inter-individual variation 

[27]. 

To quantify low, middle and high intensity training, a classification of three 

intensity zones by thresholds derived from energy metabolism was proposed [23]. 

Several methods that were based on these thresholds have been used, such as 

zones derived from heart rate (HR) measures and from session Rating of Perceived 

Exertion (sRPE) [37].  
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The influence of training duration in three intensity zones on running 

performance has been monitored in a few studies [14,17,31]. Two of these studies 

observed how endurance runners actually train by monitoring their heart rate 

during training sessions [14,17]. According to Esteve-Lanao et al. (2005), only 

cumulative training duration in zone 1 and performance during actual short races 

(4.175 km) were related. Conversely, Galbraith et al. (2014) showed that total 

distance covered (training volume) and training above the lactate threshold 

(that is zone 2 and 3 combined) was related to critical speed calculated from 

maximal effort during a field test [17]. Both studies used group-level analyses, that 

is, correlational analyses in which individual development was not taken into 

account. Therefore, questions remain about the relationship between training 

intensity and training response when the individual component is taken into 

account. 

Previous research in which relationships between training intensity and 

training responses was determined has its limitations because of the short-term 

intervention designs. In addition, the longitudinal studies used group-level 

analyses in which individual changes in training intensities and training responses 

were not taken into account and/or used tests that require maximal effort. Thus, 

there is a need for studies that measure training intensity and assess changes in 

submaximal HR and RE in highly standardized conditions. Furthermore, these 

changes need to be analysed taking individual development into account. 

Therefore, the first goal of this study was to quantify training intensity distribution of 

competitive runners for an entire season. The second goal was to investigate the 

relationship between training duration in the intensity zones and submaximal HR 

and RE over an entire training season with an individual approach by using 

multilevel analyses with random intercepts. 

 

METHODS 

Participants 

Eighteen Dutch competitive middle- and long-distance runners participated in 

this study, including athletes who compete regional, national and international. 

All runners (12 male, 6 female) trained within the same team led by the same 

coach who prescribed the training of each athlete including group sessions and 
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individual sessions. Age, height and body mass (mean ± SD) were 23 ± 4 years, 

1.82 ± 0.05 m and 66.2 ± 7.0 kg, respectively.  

 

Design 

During one training season (46 weeks) runners were monitored with a daily 

training log and 7 submaximal tests (ST1 - ST7). All runners performed a maximal 

incremental treadmill test one to two weeks before the first submaximal test to 

design individualized submaximal tests. Before participation, a sport physician 

medically cleared all runners according to the Lausanne recommendations [5] 

and a written informed consent was obtained. The study was approved by the 

local ethics committee and meets the ethical standards of the journal [18]. 

 

Training intensity 

After each training session and race, all runners recorded duration (in minutes) 

and intensity (including warm up and cool down) in a training log. Intensity was 

measured using session Ratings of Perceived Exertion (sRPE) 30 minutes after the 

session. This procedure is known to be a valid method to determine global 

intensity [15]. Since in the Dutch education system grades are given on a scale 

from 1-10 (of which 1 means ‘very bad’ and 10 means ‘excellent’), we used the 

original scale from 6-20 to avoid confusion of athletes [6]. This original scale was 

previously proposed for monitoring training [22] and was successfully used in 

several sports [8,32]. Three intensity zones were then calculated by dividing sRPE 

data based on the same intensity anchors (verbal expressions) at breakpoints, 

established by Seiler and Kjerland [37]. Zone 1 (TZ1) consists of sRPE ≤ 13 (below 

and including somewhat hard), zone 2 (TZ2) consists of 1 sRPE 14 – 16 (between 

somewhat hard and very hard) and zone 3 (TZ3) consists of sRPE ≥ 17 (very hard 

and above). Total training duration (TD) and time spent in each zone were 

calculated over 6 weeks before each submaximal test. TZ1, TZ2, TZ3 and TD were 

divided by 60 to transform minutes into hours.  

 

Maximal incremental test 

At the beginning of the running season, that is ~2 weeks before the initial 

submaximal test, all runners performed a maximal incremental treadmill test. 

Running speed during the warm-up phase was determined individually, 
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depending on the runner’s maximal speed that was predicted by their coach, in 

order to finish the test in 8 to 12 minutes [25]. After five minutes, the speed 

continuously increased by 0.8 km/h per minute. The runners were instructed to run 

until exhaustion, whilst they were verbally encouraged continuously.   O2max was 

defined as the highest 30 second rolling average of   O2 observed during the test. 

Peak speed (Vpeak) was defined as the highest speed that was attained by the 

runner during the test. Maximal heart rate (HRmax) was determined as the highest 

HR during the test. 

 

Submaximal test 

All runners were familiarized with the testing equipment and to the submaximal 

test protocol. The total duration of the submaximal test was 15 minutes. Running 

speed was set for 6 minutes at 55% (00:00 –06:00 min:s) and 70% Vpeak (6:00-12:00 

min:s), followed by 3 minutes at 85% Vpeak (12:00-15:00 min:s) (Figure 1). Runners 

were asked for their Ratings of Perceived Exertion (RPE) 30 seconds before the 

end of each stage (after 5:30, 11:30 and 14:30 min:s, respectively).  

HR and RE were calculated as training responses. HR during stage 1 (HR1) 

(3:00-6:00 min:s) and stage 2 (HR2) (9:00-12:00 min:s) was calculated as an 

average of HR over the last 3 minutes of both stages. Due to the slow half-life of 

heart rate [1], the first minute of stage 3 was excluded from the analysis, which 

means that heart rate in stage 3 (HR3) was calculated over the last 2 minutes 

(13:00 - 15:00 min:s). HR1, HR2 and HR3 are expressed as a percentage of 

individual HRmax which was determined by the maximal incremental treadmill test. 

RE is defined as steady state   O2 during submaximal running [35]. Three minutes of 

exercise after an intensity change is required to reach steady state   O2 [21]. 

Therefore,   O2 is only calculated for stage 1 and stage 2 of the submaximal test. 

  O2 during stage 1 and 2 (  O2-1 and   O2-2, respectively) was averaged over the 

same intervals as HR1 and HR2.   O2-1 and   O2-2 are expressed as a percentage 

of individual   O2max in order to cope with a possible effect of initial individual 

differences in capacities.  

A preliminary study in our laboratory showed that the day-to-day variation 

of HR and   O2 during the submaximal treadmill test is 1-2% and 3%, respectively. 

These day-to-day variations are in line with previously measured variations [1,36]. 

All tests were performed in similar environmental conditions (temperature: 18.8 ± 
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0.9; relative humidity: 39.7 ± 11.6) on the same treadmill (Lode Valiant, Groningen, 

the Netherlands). During all tests, the slope of the treadmill was set at 2%.  Gas 

exchange data were measured using an automated breath-by-breath analyser 

(Cortex Metalyzer 3b, Leipzig, Germany) and heart rate was recorded every 

second (Polar, Kempele, Finland). Each morning before testing, the equipment 

was calibrated according to the manufacturer’s guidelines. Runners refrained 

from strenuous exercise and drinking alcohol the day before each test and 

consuming caffeine in the last three hours before each test. 

In total, data of 5229 training sessions and races were collected. Thirty-

seven sRPE values and 68 duration values were missing, that is 0.7% and 1.3%, 

respectively. In total, 73 submaximal running tests were conducted.  

 

Statistical analyses 

Descriptive statistics were determined for all parameters and represented as 

mean ± SD. The data were analysed using the multilevel modelling program 

MLwiN [34]. The advantage of MLwiN is that the number of repeated 

measurements per participant is allowed to vary (e.g. because of missing data), 

which was the case in the longitudinal design of this study. Multilevel modelling is 

an extension of multiple regression analysis developed for analysing clustered 

data. Clustered data are, for example, repeated measurements (level 1) of 

participants (level 2). By clustering the data, the opportunity is provided to 

determine if the effect of a predictor (e.g. training load) on the test variable (e.g. 

running economy) is larger than within-individual variation. First, intercept-only 

models (i.e. empty models) with two levels (level 1: measurement, level 2: 

participant) were created for all training responses (HR1, HR2, HR3,   O2-1 and   O2-

2,) using random intercept models. Random intercepts are used to make the 

analysis more specified to the individual so that the data of each participant is 

can have another intercept. Second, 6 predictor variables were added 

separately to the intercept-only model to investigate explained variance of the 

training responses by constant variables (sex and age at the start of the study) 

and training parameters (i.e. TD, TZ1, TZ2 and TZ3). Since longitudinal monitoring of 

high level competition runners limits sample size, all parameters were added 

separately to ensure sufficient power. Significance (set at 0.05) of explained 

variance of training responses by all variables was evaluated by comparing the -2 
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log likelihood of the intercept-only model with the models that included a 

predictor variable. 

 

RESULTS 

Training intensity 

On average, each athlete performed 291 ± 58 training sessions over 46 weeks, 

ranging from 201 to 419 training sessions over the course of the study. Average 

training duration was 8.2 ± 1.0 hours per week, ranging from 5.6 to 10.7 hours per 

week. Average TZ1, TZ2 and TZ3 over the entire period was 45 ± 21%, 42 ± 23% and 

13 ± 15%, respectively. However, the large SD’s show a wide variation in training 

intensity distribution between runners. Average sRPE in TZ1, TZ2 and TZ3 was 12 ± 1, 

15 ± 1 and 18 ± 1, respectively. Figure 1 shows descriptive statistics of training 

parameters calculated for every 6-week period prior to the submaximal tests.  

The average values that were attained during the maximal incremental 

treadmill test were for male runners (n=12):   O2max, 64.3 ± 5.1 mL·kg-1·min-1; Vpeak, 

5.9 ± 0.2 m/s and HRmax, 190 ± 9 bpm. For female runners (n=6) these values were: 

  O2max, 57.0 ± 4.5 mL·kg-1·min-1; Vpeak, 5.1 ± 0.2  m/s and HRmax, 187 ± 11 bpm. 

Averages of HR,   O2 and RPE during the submaximal running test are shown in 

Table 1.  

Sex and age did not significantly explain any of the variance of the training 

responses. Table 2 shows fixed (intercept and estimate) and random (level 1 and 

2) effects, -2log-likelihood and significance values of the training response 

models. In Table 3, only the estimates that significantly explain variance of training 

responses are shown.  
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Figure 1. Training intensity distribution over each 6-week period before submaximal 

running tests. ST1 – ST7 indicate the moments of the submaximal running tests. Total 

training duration in hours over 6 weeks was ST1, 47.2 ± 14.9; ST2, 51.6 ± 12.2; ST3, 47.2 ± 17.7; 

ST4, 55.2 ± 19.9; ST5, 46.9 ± 15.7; ST6, 50.1 ± 14.2; ST7, 47.1 ± 16.4 

 

 

Table 1. Physiological and subjective responses to the submaximal running test (ST) (mean 

± SD) 

 ST1 

(n = 13) 

ST2  

(n = 14) 

ST3 

(n = 11) 

ST4 

(n = 12) 

ST5 

(n = 9) 

ST6 

(n = 9) 

ST7 

(n = 5) 

Stage 1        

HR1 (%) 73.9 ± 3.6 72.7 ± 3.9 72.9 ± 3.6 73.2 ± 3.2 74.2 ± 5.5 73.6 ± 5.0 69.5 ± 3.0 

  O2-1(%) 66.0 ± 4.1 64.6 ± 4.1 69.6 ± 5.7 70.2 ± 5.5 74.7 ± 5.1 71.9 ± 6.5 69.1 ± 4.8 

RPE (units) 10 ± 2  10 ± 2 9 ± 2 10 ± 2 10 ± 1 10 ± 2 9 ± 2 

Stage 2        

HR2 (%) 86.4 ± 3.1 86.1 ± 3.0 85.1 ± 2.6 85.6 ± 3.4 86.6 ± 4.5 85.4 ± 4.0 82.5 ± 2.3 

  O2-2(%) 82.9 ± 5.5 81.0 ± 4.8 87.5 ± 5.0 88.9 ± 5.8 94.5 ± 6.3 91.2 ± 8.2 89.6 ± 7.1 

RPE (units) 13 ± 2 13 ± 2 13 ± 2 12 ± 2 13 ± 2 14 ± 2 12 ± 2 

Stage 3        

HR3 (%) 93.1 ± 2.6 93.6 ± 2.3 92.7 ± 2.1 92.9 ± 2.7 93.5 ± 2.9 92.3 ± 2.6 90.8 ± 1.7 

RPE (units) 16 ± 1 15 ± 1 16 ± 2 15 ± 1 16 ± 2 16 ± 2 15 ± 2 

All included runners are from the same group op 18 runners. Heart rate (HR) is expressed 

as a percentage of individual maximal HR. Running economy (  O2) is expressed as a 

percentage of individual   O2max. RPE = Rating of Perceived Exertion 
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Table 2. Multilevel models of submaximal performance parameters 

  
Fixed 

 
Random 

   

n = 73 
 

Intercept  

(constant) 

Estimate Level 2  

(between runners) 

Level 1  

(within runners) 

-2* 

Log-likelihood 

p 

HR1 Empty model 73.19 (0.82) 
 

10.60 (4.06) 5.64 (1.08) 371.3 - 

 
TZ3 71.99 (0.93) 0.15 (0.07) 9.15 (3.56) 5.37 (1.02) 366.2 0.024 

HR2 Empty model 85.70 (0.68) 
 

7.05 (2.75) 4.24 (0.81) 348.6 - 

 
TD 90.79 (1.84) -0.10 (0.03) 5.27 (2.13) 4.00 (0.76) 340.8 0.005 

 
TZ1 87.47 (0.98) -0.07 (0.03) 5.32 (2.16) 4.21 (0.80) 343.9 0.030 

HR3 Empty model 92.95 (0.49) 
 

3.51 (1.42) 2.67 (0.51) 311.3 - 

 
TD 96.55 (1.43) -0.07 (0.03) 2.99 (1.23) 2.48 (0.47) 304.6 0.010 

  O2-1 Empty model 68.31 (1.13) 
 

18.74 (7.60) 14.69 (2.80) 435.3 - 

  O2-2 Empty model 86.41 (1.36) 
 

26.04 (11.04) 25.56 (4.87) 472.4 - 

 
TZ3 83.99 (1.75) 0.30 (0.13) 29.96 (12.10) 22.70 (4.33) 467.5 0.027 

Multilevel models for heart rate during the three stages of the submaximal running test (HR1, HR2 and HR3) and running economy during two 

stages of the submaximal running test (  O2-1 and   O2-2). For all test parameters empty models are shown in which these parameters are 

estimated according to one fixed factor (intercept). Next to the empty models, the models for HR and RE including training parameters 

which add to the model significantly are displayed. The estimate is average change in predicted HR or RE when training increases with 1 

hour (either of total duration (TD), duration in zone 1 (TZ1), duration in zone 2 (TZ2) or duration in zone 3 (TZ3)) in 6 weeks prior to the test. All 

values are given as estimates and standard errors (SE). 



MONITORING TRAINING, SUBMAXIMAL HR, AND RE 
 
 

 69 

Table 3. Estimated changes in test parameter  

 
HR1 HR2 HR3   O2-1   O2-2 

TD . - 0.60%  -0.42% . . 

TZ1 . - 0.42% . . . 

TZ2 . . . . . 

TZ3  + 0.9% . . . + 1.8% 

Estimated changes in submaximal test parameters if runners train one hour per week more 

over 6 weeks in total duration (TD), zone 1 (TZ1), zone 2 (TZ2) and zone 3 (TZ3). For 

example, if an athlete increases TD with 1 hour each week over 6 weeks, the predicted 

HR2 decreases with 0.60% of individual maximal HR. These values are calculated from 

estimates that are derived from the multilevel models. Heart rate (HR) is expressed as a 

percentage of individual maximal HR. Running economy (  O2) is expressed as a 

percentage of individual   O2max. RPE = Rating of Perceived Exertion. Only significant 

variables are included. 

 

 

Submaximal heart rate 

Variance of HR1 (Table 2) was significantly explained by TZ3 with an increase of 

one hour of TZ3 per week over six weeks that was related to an increased HR1 by 

0.9% (Table 3). Variance of HR1 was not explained by TD, TZ1 and TZ2. 

The models for HR2 and HR3 showed that TD significantly explained 

variance (Table 2). One extra hour TZ1 per week over six weeks decreased HR2 

and HR3 with 0.60% and 0.53% of individual HRmax, respectively. Variance of HR2 

was also significantly explained by TZ1. It was shown that HR2 decreased by 0.42% 

when TZ1 would be increased by 1 hour per week over 6 weeks (Table 3).  

 

Running economy 

Variance of   O2-1 was not explained by training parameters. However, increased 

  O2-2 was significantly explained by increased TZ3 (Table 2 and Table 3). That is, if 

runners trained one hour per week more in zone 3 over a period of six weeks, their 

predicted   O2-2 would be 1.8% (of   O2max) higher (Table 3).  

 

DISCUSSION 

The design of this study enabled quantifying training intensity of competitive 

runners and took a first step to investigate its relationship to submaximal HR and 

RE over the course of an entire training season. The key findings of this study were 

that 1) the runners showed a large variation of training duration at 3 intensity 
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zones; 2) increased duration of perceived low intensity training and decreased 

duration of perceived high intensity training seems to be related to improved 

submaximal HR and RE. These findings may sound counter intuitive; therefore, we 

will put these into perspective in the following discussion. 

The current results show that average TZ1, TZ2 and TZ3 over the entire 46-

week period was 45%, 42% and 13%, respectively. These results differ from 

observations in previous studies which show substantially more TZ1 and less in TZ2, 

but they are comparable with regard to TZ3 [14,17,26,31,37,38]. The discrepancies 

between training intensity distribution in the current study and previous studies 

can be due to varying measurement methods or they can be caused by 

differences in training regimen. We determined training duration in the three 

intensity zones by self-reported duration and sRPE scores. However, some of the 

previous studies quantified training intensity distribution according to HR 

measurements. These differences may explain our finding of a remarkably lower 

percentage of TZ1 and higher TZ2 compared to other observations. However, our 

observed training intensity distribution is also not consistent with that of other 

studies using comparable methods [26,37,38]. Although we have used the exact 

same anchors as were proposed by Seiler & Kjerland (2006), we have used the 15-

point scale [6] instead of the 10-point scale to rate perceived exertion [15]. 

Because of the concise anchors, it is unlikely that the differences can be 

explained by our method [11]. Therefore, the explanation for the discrepancy is 

probably that training regimens of the runners in our study differed from training 

regimens of runners [14], cross-country skiers [26,37] and triathletes [31].  

Results of the current study showed that one hour of TZ3 predicted a 0.9% 

higher HR1 (Table 3). So to decrease HR1 more than the day-to-day variation (i.e. 

~1-2% of HRmax [1]), TZ3 should be decreased by at least 1:07 h:min per week over 

6 weeks. Predicted HR2 was reduced by more TZ1 with an increase of one hour 

per week in TZ1 over a 6-week period predicting a decrease in HR2 by 0.42% 

(Table 3). Therefore, an increase of at least 2:23 h:min per week in TZ1 over 6 

weeks was contributing to a meaningful decrease in HR2. For positive changes 

beyond day-to-day variation in HR2 and HR3, total training duration should be 

increased by at least 1:40 h:min and 2:23 h:min per week over 6 weeks, 

respectively. That is, because a difference of one hour in total training duration 

contributed -0.60% and -0.42% to predicted HR2 and HR3, respectively (Table 3). 
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An increase in total training duration of at least 1:40 h:min per week (i.e. ~28% 

increase) is not always feasible. Therefore, total training duration does only 

contribute to a meaningful changes in predicted submaximal HR if that kind of 

increase is possible for the athlete.  

Previously it has been shown that submaximal HR of runners decreased 

after a period of endurance training [4,9]. By adding high intensity training, 

submaximal HR can show a further decrease [4]. It has also been reported that HR 

measures would not change after a period of exhaustive endurance training, 

which induced a status of overtraining [39]. It was suggested that athletes who 

cope well with the training volume and/or intensity show a lowered submaximal 

HR and athletes who are training too much do not show the improvement. 

Therefore, our finding of increasing submaximal HR with increasing TZ3 infers that 

the runners in our study may train too much and/or too intense and cannot cope 

with additional TZ3.  

Results of the current study showed that runner’s predicted   O2-2 increased 

by 1.8% (of individual   O2max) if TZ3 was increased by one hour per week in a 6-

week period (Table 3). However, to reach a larger decrease in predicted   O2 (i.e. 

a decreased submaximal   O2 is an improved RE) than the intra-individual 

variation (1.5 – 5% [36]), TZ3 should be decreased by at least 50 minutes per week 

over 6 weeks to reach a meaningful decrease in predicted   O2-2. Decreasing TZ3 

by that amount was not possible for all runners, as some runners did not spend 

that much time in TZ3. This means that changes in TZ3 cannot elicit a meaningful 

change in predicted   O2-2 for all runners. However, it illustrates that TZ3 may have 

a negative effect on RE. 

In a recent review it was described that training at comparable intensities 

to TZ2 and TZ3 can improve RE [3]. Our findings suggest that TZ2 is not related to 

improvements in RE and that an increase in TZ3 is related to a decrease in RE. 

These contradictory findings may be explained by the relatively high training load 

and relatively low capacities of our runners (e.g.   O2max). For example, a previous 

study reported 7 hours of training per week in runners with a   O2max of 70 mL·kg-

1·min-1 [4]. In contrast, our runners trained over 8.2 hours with lower physical 

capacities (  O2max  female: 57.0 ml·kg-1·min-1 and male: 64.3 ml·kg-1·min-1). This 

may explain the negative contribution of TZ3 to training responses of runners in our 

study. Moreover, the training intensity in our study is measured by sRPE, which 
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means that athletes rate the intensity of their own training. Accumulated fatigue 

may have resulted in a higher perception of training intensity leading to a larger 

proportion of time spent in TZ3. The relationship between more TZ3 and decreased 

RE may thus be a result of overtraining. It has been shown in previous research 

that mental fatigue increases sRPE [28]. Therefore, for future research, it may be 

helpful to include psychological measures as well.  

A limitation of this study may be the heterogeneity of the runners in terms of 

sex, age, and physical capacities (i.e.   O2max). However, there was no significant 

contribution of sex and age to submaximal HR and   O2. Moreover, corrections 

were made for physical capacities since submaximal HR and   O2 are calculated 

as a percentage of individual HRmax and   O2max, respectively. This also explains 

why no significant influence was found of sex and age on the prediction of most 

training responses. Finally, since a multi-level structure was used, individual 

patterns of development were taken into account. Therefore, it is also justified 

that male and female athletes of different capacities and age were included in 

this study. 

In the current study, we used advanced statistical modelling to analyse 

complex longitudinal data. This type of analysis has been used previously in sport 

sciences, for example, to investigate dribbling development [19], training and 

performance of soccer players [8,12,13,40]. Major advantages are that these 

models take individual differences into account and are able to handle missing 

values in an accurate way. Similar to correlation and regression, these models 

assume linearity. However, from a theoretical training perspective, this may not 

be realistic. Runners cannot train at an infinite volume because a ceiling effect 

occurs following the law of the diminishing returns. Even a downward curve in 

performance after too large training volumes may be observed [29]. Also, it is 

likely that training characteristics interact and that the sole contributions that are 

observed in the current study are dependent on overall training distribution. 

Therefore, care should be taken when interpreting these results.  

 

Conclusions 

Monitoring training intensity with the sRPE method is a practical method which 

can lead to relevant information for coaches. While the associations we observed 

do not prove causation, it was shown that an increase in TZ1 may be beneficial, 
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TZ2 may be neutral and an increase in TZ3 may be disadvantageous to training 

responses of middle- and long distance runners if the training load may not 

match the training status. However, future research should focus on establishing 

the cause-and-effect relationship between sRPE based training intensity and the 

interaction of training intensities and performance by means of long term 

intervention studies. 
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ABSTRACT 

The objective was to investigate the relation between training parameters and 

the occurrence of injuries in a group of high-level competitive runners. For this 

purpose a prospective cohort study was used in which twenty-three high-level 

competitive runners were followed for 37 weeks. Information about training 

parameters (training load, training volume and training intensity) and injuries were 

collected. Training parameters were obtained as absolute values and as relative 

values scaled to a person’s average value. Cox regression analyses were 

performed to study the influence of training parameters in the preceding five 

weeks on injury occurrence. The results showed that high relative training load 

three weeks before the injury, a high cumulative relative training load and volume 

over the previous five weeks and a high training intensity three and five weeks 

before were related to injury. Also increases in intensity three and five weeks 

before increased the injury rate. Relative training parameters scaled to an 

individual’s average more often showed a significant relation to injury compared 

to absolute values. These findings suggest that there is a delay between the 

moment of overload and onset of an injury, as training parameters of 3-5 weeks 

before showed relations with injury rate. Scaling training parameters to a personal 

average may increase the likelihood of finding associations. 

 

Keywords: Athletic injury; Etiology; Longitudinal study; Primary prevention 



TRAINING LOAD RELATED TO RUNNING INJURY RISK 
 
 

 79 

INTRODUCTION 

The yearly incidence of time-loss injuries is high in middle distance runners (64%), 

long distance runners (32%) and marathon runners (52%) [11], most of which are 

overuse injuries. Time-loss injuries lead to reduced training and the inability to 

compete, which is detrimental to the career of competitive athletes. Prevention 

of these injuries is therefore important. Steps toward successful prevention can be 

made by identifying risk factors and injury mechanisms [27]. Some have argued 

that overuse injuries are predominantly caused by training errors [7]. Studying 

training parameters preceding an overuse injury may therefore shed light on how 

injuries can be prevented.  

A number of studies have been performed on the relation between 

training parameters and injury incidence in novice runners. It has been shown that 

a progression of more than 30% in weekly running distance over a two week 

period increased the rate of running injuries [17,18]. Also running more than three 

kilometres during the first week of a running program increased the injury risk of 

novice runners with high BMI [15].  

Less is known about the relation between training parameters and injuries 

in high-level runners. Studies in highly trained runners have only used aggregate 

data on training load that was collected retrospectively. Two studies showed that 

a large training distance and high training frequency were related with injury 

occurrence in runners participating in a 10.000 meter national championship road 

race [9] and also with the prevalence of shin splints in elite master runners [12]. 

Another study showed that the distance covered in a month was related to the 

number of injury days in the next month [14]. Finally, research in female 

competitive athletes [10] and collegiate cross-country runners [21] found no 

relation between average weekly training distance and injury prevalence. 

However, because there was no longitudinal collection of training data in these 

studies on competitive athletes, contrary to the studies on novice runners, no 

information regarding training parameters preceding the onset of injury could be 

obtained. Also taking an average of training parameters over a total season 

ignores the time-varying nature of training parameters; they are not the same at 

all times. Not taking this into account may preclude finding an association 

between changes in training parameters and injury or influence the direction of 

these associations. For example, it may be speculated that a well-trained runner 
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runs larger distances and is less likely to get injured compared to a recreational 

runner. This could lead to finding a reversed relation between volume and injury. 

Using absolute values may sometimes be unavoidable, for example in large 

community based studies, but the setting of high-level competitive sports provides 

an opportunity to obtain more data and to obtain information about individual 

training load. Such an individualized approach may therefore increase the 

chance of finding associations between training parameters and injury.  

Studies on the relation between training parameters and injury have been 

performed in elite athletes in sports, such as soccer and Australian Rules Football. 

For example, the weekly load and the variability of training (i.e. monotony) were 

prospectively monitored in elite soccer players and related to injuries [3]. Higher 

load and higher monotony resulted in increased injury risk. Thereafter, studies tried 

to account for the time varying nature of training parameters. Studies in Australian 

Football players and cricket fast bowlers, for example, found that training load in 

the previous weeks were indicative for injury occurrence [8,23]. Similar studies on 

competitive runners are lacking at the moment. 

The aim of the present study was to investigate the relation between 

training parameters and the occurrence of injuries in a group of high-level 

competitive runners. Training parameters (load, volume and intensity) were 

obtained both as absolute and as relative (scaled to an individual’s average) 

values to study which had the highest predictive values. The values of training 

parameters in the preceding five weeks, the cumulative values over the 

preceding five weeks and changes in these parameters between weeks were 

determined to study the temporal relation with injury occurance. 

 

METHODS 

Twenty-three high-level competitive middle- and long-distance runners (16 male, 

7 female) were followed for 37 weeks during which they reported data on training 

parameters and injuries (Table 1). Permission for the study was obtained from the 

medical ethical committee of University Medical Center Groningen, the 

Netherlands (METc 2011/186). The funding organization had no role in the 

collection of the data, the analyses and interpretation of the data. Neither had 

they the right to approve or disapprove the publication of the manuscript. 
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Table 1. Baseline characteristics of runners 

 Male Female Total 

Number 16 7 23 

Age (years; mean ± SD) 22.5±6.3 21.4±4.4 22.2±5.7 

Height (cm; mean ± SD) 185±5 172±7 181±8 

Body weight (kg; mean ± SD) 68.6±6.0 58.3±4.0 65.4±7.2 

Percentage body fat (%; mean ± SD) 8.5±2.3 17.6±4.2 11.3±5.2 

VO2max (ml/min/kg) 66.7±5.9 62.7±7.4 65.5±6.5 

cm = centimeter; kg = kilogram; ml = milliliter; min = minutes; SD = Standard Deviation; 

VO2max = maximal oxygen uptake 

 

 

The runners kept a daily training log in which information about training 

duration, training intensity and sustained injuries was reported. The coach added 

information about the training schedule, inability to execute the planned training 

sessions and observed injuries of the runners to the same training log.  

Information regarding injuries was obtained from the training logs. An injury 

was defined as any musculoskeletal problem of the lower extremity or back that 

led to an inability to execute training or competition as planned for at least one 

week [2]. Recovery was defined as being able to comply with the normal training 

schedule. Collection of recovery data was continued after the follow-up period, 

up until the last injury in the study cohort had been resolved. Injury and recovery 

data were extracted from the information in the training log which was a 

combination of self-reported information and information provided by the coach. 

Training parameters (duration and intensity) were recorded in the training 

log after each training session and race. All types of training were included (e.g. 

technique training, strength training etc.) Duration (volume) was registered in 

minutes and intensity was measured using the session Rating of Perceived Exertion 

(sRPE) 30 minutes after the session [5] on a scale from 6-20 [1]. Training load was 

calculated by multiplying session volume (in minutes) by sRPE and it was 

expressed in arbitrary units [5].  

Descriptive data on subject characteristics, injuries, and training 

parameters were calculated and presented as frequency (nominal variables), 

mean with standard deviations (normally distributed continuous variables) or 

median with range (non-normally distributed variables). Cox regression analyses 
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were performed on the data with the first sustained injury as outcome. The time 

variable was the training week. Training variables were included as time-varying 

covariates. Because of the sample size, only uni-variable analyses were 

performed, as it has been shown that at least 10 events for each included 

independent variable are needed in a Cox regression analysis to ensure sufficient 

power [20]. 

Volume, intensity and training load were included as time varying 

covariates. These training parameters were expressed in two ways: as absolute 

values and as relative values. Absolute values were the total time (duration), 

average sRPE score (intensity) and total number of arbitrary units (training load) 

for a training week. Cumulative values were obtained from 1 to 5 previous weeks 

by summing the values of the separate weeks. Changes in training parameters 

were calculated for the previous five weeks by dividing the value of a certain 

week with the value of the prior week and were expressed as a percentage. 

Relative values were obtained by dividing absolute values by the personal 

average weekly values over a season that was calculated for each runner by 

taking the average value over the runner’s entire season, excluding the periods 

with adapted training as a result of injury. Changes in training parameters were 

only calculated for absolute values, because results are similar to changes in 

relative values. 

 Hazard Ratios (HR) with 95% confidence intervals (95% CI) were calculated 

for each training variable. A p-value of ≤0.05 was considered significant and a p-

value of ≤0.10 was considered a trend. Because these training variables were 

calculated over the preceding 5 weeks, injury data of the first five weeks (week 1-

5) could not be included because it was not possible to calculate training 

variables for these weeks. The Cox regression was therefore performed over a 32 

week follow-up period (week 6-37). The proportional hazards assumption was 

assessed by Schoenfeld residual tests and by inspecting the Schoenfeld residual 

plots for non-random patterns. Variables that not met the proportional hazards 

assumption were transformed dichotomous variables and tested again [6]. 

Analyses were performed in R statistics (version 3.1.0) with the Survival package 

(version 2.37.7) [25].  
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Table 2. Overview of injuries and training load 

AU = Arbitray Units 

 

 

RESULTS 

The total number of training hours of the 23 athletes during the 32 weeks was 

5370. In total 13 injuries were sustained during this period (Table 2), resulting in an 

injury density of 2.4 injuries per 1000 hours. Injury density was 2.0 injuries per 1000 

hours in males and 3.5 in females. Two runners sustained two injuries, leaving 11 

primary injuries. Most injuries were located in the calf/Achilles tendon. The median 

time to recovery was 26 days and the mean time to recovery was 75 days.  

Training parameters expressed as absolute value did not meet the 

proportional hazards assumption and were therefore transformed to a 

dichotomous variable based on the median value.  

Absolute training load in previous weeks showed no relation to injury, but 

relative training load of three weeks before showed a significantly higher HR (HR = 

4.11 [95% CI 1.0-16.9], p = 0.049). A high cumulative relative training load over the 

previous five weeks also showed a significantly higher HR (HR = 9.66 [95% CI 1.01-

92.73], p = 0.0049), but not when it was calculated for absolute training load. 

Changes in training load were not related to injury.  

Training volume in previous weeks showed no relation to injury although a 

trend was visible for the relative training volume one and four weeks before injury 

occurrence. A high cumulative relative training volume over the previous five 

weeks was related to an increased injury rate (HR = 1.73 [95% CI 1.01-2.95], p = 

 Male  Female Total 

Injuries    

Runners with no injuries during season 10 2 12 

Runners with one injury during season 4 5 9 

Runners with two injuries during season 2 0 2 

Injury location  (back/hip/knee/ 

calf-Achilles/ankle-foot) 

0/1/2/4/1 1/1/0/1/2 1/2/2/5/3 

Time to recovery (days; median(range)) 24 (8-50) 122(12-306) 26 (8-306) 

Training parameters (excl. weeks injured)     

Weekly training load during season (AU) 6695±1913 7894±3427 7060±2453 

Weekly training duration (hours) 8.4±2.2 9.2±3.2 8.6±2.5 
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0.046), and a trend was visible for the cumulative relative training volumes 

calculated over one to four preceding weeks. No relation was found for 

cumulative absolute training volume and changes in training volume.  

Both absolute (three weeks before) and relative training intensity (three 

and five weeks before) were related to an increased injury rate. A high relative 

training intensity in the week before injury showed a trend towards a decreased 

injury rate. No significant relation was found for cumulative training intensity and 

injury. A decrease in training intensity two weeks before and an increase in 

training intensity three and five weeks before were related to a higher injury rate. 

 

DISCUSSION 

In this study the relation between training parameters and injury rate in high-level 

competitive runners was analyzed. A high relative training load three weeks 

before the injury, high cumulative relative training load and volume over the 

previous five weeks and a high training intensity three and five weeks before were 

related to injury. These findings suggest that there is a delay between the moment 

of overload and onset of an injury, as training parameters of 3-5 weeks before 

showed relations with injury rate. Also a continued high volume and training load 

seem to increase the injury rate. Changes in training load and volume were not 

related to injury, but changes in training intensity were. Finally, relative values 

more often showed a significant relation to injury compared to absolute values. 

The injury incidence of 2.4 injuries/1000h in the current study was 

comparable to previous studies on competitive long distance runners that found 

incidences of 2.5 injuries/1000h [14] and 1.7 injuries/1000h [22]. Injury incidence 

was lower than reported in a meta-analysis on novice (17.8 [95% CI 16.7-19.1]) 

and recreational (7.7 [95% CI 6.9-8.7]) runners [29]. Most injuries were reported in 

the calf/Achilles tendon region. The incidence of Achilles tendinopathy is high 

middle- and long-distance runners [4,13], and it has been suggested that Achilles 

tendinopathy may be related to high running pace [16].  

Until now, no studies on running injuries in high-level athletes have analysed 

the relation between training load and injury. The present findings suggest that a 

high relative training load is related to running injury. In line with the present 

findings, previous studies on competitive athletes found a relation between 

training volume and injury [9,12,14]. However, others found no relation between 
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volume and injuries [10,21]. Reasons for these differences may be found in the 

studied populations or employed methods. All previous studies used an average 

load in their analysis, whereas the present study took the time-varying character 

of training load into account. This enabled finding relations between training 

patterns and injury. Also a relation was found between a high training intensity 

and injury. This relation was previously observed in novice runners. The relation 

between training intensity and injury rate was significant for three and five weeks 

before, but a continued high intensity over several weeks was not related to injury 

as indicated by the analysis on cumulative load. The intensity in the previous 

week even showed a reversed pattern, high intensity showed a trend towards a 

reduced injury rate. It is possible that runners who got injured already experienced 

some ‘signs’ and therefore reduced their training intensity. This does however not 

match with the trend observed for training volume that showed that high volume 

was related to injury rate. 

A notable finding in the present study is that there appears to be a lag 

between the moment of high load and the moment of onset of injury. A similar 

observation has been made in a study on cricket injuries [19]. That study showed 

increased injury risk three to four weeks after the high workload. This delay is similar 

to the delay that was found in the present study. According to Orchard et al. [19], 

a hypothesis that explains this finding may be that during high load damage 

occurs to immature tissue while mature tissue allows for maintaining function in 

the period after the high load. However when the mature tissue is broken down as 

a result of natural tissue turn over, it is replaced by the damaged tissue and the 

risk of injury increases. 

An increase in training intensity three weeks before and a decrease in 

training intensity two weeks before were related to an increased injury rate. This 

second finding, of a relation between a decrease in intensity and injury, seems 

counterintuitive. One explanation for this may be that the relation between a 

high training intensity three weeks before and injury automatically implies that the 

intensity two weeks before is lower compared to the previous week in injured 

subjects. Another explanation is, as described above, that subjects reduced their 

training intensity because they already experienced some ‘signs’.
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Table 3. Results of the Cox regression with the training variables as predictor of injury. 

 Absolute load   Relative load   

 Training load (HR 

for high load (≥ 

6650 AU per week) 

compared low 

load (< 6650 AU)) 

Training volume 

(HR for high 

volume (≥ 505 

minutes per week) 

compared low 

volume (< 505 

minutes)) 

Training intensity 

(HR for high 

intensity (≥ 13.3 

average sRPE per 

week) compared 

low intensity (<13.3 

average sRPE 

score) 

Training load (HR 

for 100% increase 

compared to 

individual training 

load) 

Training volume 

(HR for 100% 

increase 

compared to 

individual training 

volume) 

Training intensity 

(HR for 10% 

increase 

compared to 

individual training 

intensity) 

Load previous 

wks 

      

Previous wk 1.33 (0.41-4.29) 1.33 (0.48-3.72) 0.82 (0.29-2.30) 2.45 (0.65-9.19) 5.29 (0.99-28.27)a 0.64 (0.38-1.05)a 

2 wks before 0.83 (0.25-2.83) 1.53 (0.49-4.87) 2.50 (0.70-8.91) 2.21 (0.53-9.29) 2.87 (0.53-15.68) 1.02 (0.58-1.79) 

3 wks before 1.48 (0.42-5.21) 1.07 (0.31-3.67) 5.63 (1.22-25.97)b 4.11 (1.00-16.90)b 3.17 (0.69-14.67) 2.19 (1.30-3.69)b 

4 wks before 1.77 (0.52-5.97) 2.51 (0.71-8.85) 2.12 (0.66-6.85) 2.85 (0.89-9.07)a 3.00 (0.89-10.19)a 1.24 (0.94-1.64) 

5 wks before 1.65 (0.51-5.32) 1.12 (0.37-3.36) 1.75 (0.58-5.30) 1.88 (0.79-4.51) 1.59 (0.63-3.89) 1.61 (1.05-2.47)b 

Cumulative load 

previous wks 

      

previous wk 1.33 (0.41-4.29) 1.33 (0.48-3.72) 0.82 (0.29-2.30) 2.45 (0.65-9.19) 5.29 (0.99-28.27)a 0.64 (0.38-1.05)a 

previous 2 wks 1.13  (0.35-3.63) 1.23 (0.40-3.84) 1.15 (0.38-3.45) 2.93 (0.58-14.89) 2.29 (0.89-5.87)a 0.80 (0.54-1.18) 

previous 3 wks 1.88 (0.55-6.43) 1.31 (0.37-4.63) 1.81 (0.62-5.29) 4.21 (0.78-22.74)  1.82 (0.94-3.52)a 1.03 (0.75-1.40) 

previous 4 wks 1.69 (0.52-5.48) 2.71 (0.80-9.15) 1.90 (0.65-5.58) 6.97 (0.92-52.75)a 1.81 (0.99-3.31)a 1.05 (0.85-1.29) 

previous 5 wks 1.75 (0.55-5.54) 1.74 (0.56-5.43) 1.82 (0.63-5.25) 9.66 (1.01-92.73)b 1.73 (1.01-2.95)b 1.08 (0.92-1.28) 
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 Training load (HR 

for 100% increase 

compared to the 

week before) 

Training volume 

(HR for 100% 

increase 

compared to the 

week before) 

Training intensity 

(HR for 100% 

increase 

compared to the 

week before) 

   

Load increase       

previous wk 0.83 (0.34-2.05) 0.83 (0.24-2.85) 0.85 (0.59-1.23)    

2 wks ago 0.66 (0.29-1.48) 0.81 (0.41-1.58) 0.57 (0.36-0.92)b    

3 wks ago 0.81 (0.50-1.30) 0.67 (0.32-1.44) 1.29 (1.02-1.65)b    

4 wks ago 0.97 (0.70-1.35) 0.98 (0.75-1.28) 0.82 (0.63-1.05)    

5 wks ago 1.70 (0.82-3.54) 0.85 (0.24-2.97) 1.53 (1.25-1.89)c    

a p<.10; b p<.05; c p<.001; AU = Arbitray Units; CI = confidence interval; HR = Hazard Ratio; sRPE = session Rating of Perceived Exertion; wk = 

week 
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The finding of no relation between volume and injury rate is contrary to previous 

studies in novice runners [17,18]. Possibly experienced runners are more 

accustomed to changes in training volume, because it is common in their training 

schedules, whereas novice runners may not have experienced this before.  

Monitoring a large group of high-level athletes is difficult, simply because 

there are not many high-level athletes in one region. Therefore, a limitation of this 

study is that only uni-variable analyses could be performed because of the 

relatively small sample size. Future studies on larger samples in multiple regions are 

needed to perform multivariable analyses, which could give insight in the 

combined effects of training load on injury occurrence. A further limitation of the 

present study is the inclusion of only the first injury in the analysis. More complex 

statistical procedures have been described to include multiple injuries in the 

analyses [26]. However, in the present study this would only have led to the 

inclusion of 2 additional injuries. Strengths of the current study are the prospective 

design and the detailed and complete information that was obtained.  

Injury prevention is important for competitive athletes as injuries lead to 

reduced training and inability to compete. The present study showed that high 

weekly training load, volume and intensity may lead to a higher injury rate. 

However, reducing training load in order to prevent injuries is often not an option 

for competitive athletes as it may lead to reduced performance. Training 

schedules are designed with a focus on performance. The present study may give 

some insights into how training load influences the injury risk. This may be taken 

into account when designing a training schedule. For example, scaling training 

parameters to an individual’s average seems to increase the usability of the data. 

It has also to be considered that injuries do not seem to develop directly after 

period of high load. A survey among trainers and medical staff working with elite 

athletes found that they most often sought the cause of injuries in training [24]. 

According to these professionals, excessive training was the most common 

training error. This stresses the need for more knowledge of the relation between 

training load on the one hand and both injury risk and performance on the other 

hand. However, an exclusive focus on physical factors should be avoided. 

Psychological and social factors also play an important role in the onset of 

overuse injuries [28]. Future studies should take the influence of training on 
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performance into account in order to find a balance between performance 

improvement and injury prevention.  

 

Conclusions 

The relation between training load and injury was studied in high-level 

competitive athletes. It was found that injury rate is increased several weeks after 

a week with high training load or training intensity. Prolonged high load or volume 

and changes in intensity may also increase the injury rate. Injury prevention in 

competitive athletes needs a different approach than used for recreational 

athletes, because a high level of performance is key. The present findings provide 

some first insights into the relation between training load and injury that may be 

taken into account when designing training schedules. Scaling training 

parameters to a personal average may result in better prediction of injuries. 

 

Practical Implications 

 Injury rate is increased several weeks after a week with high training load or 

intensity. Therefore care should be taken several weeks after a high 

training load. 

 When designing training schedules it should be taken into account that a 

prolonged high load or volume as well as increases in intensity lead to a 

higher injury rate.  

 Scaling training parameters to a runner’s individual average may give 

more insight in a runner’s susceptibility to injury. 
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ABSTRACT 

The purpose of this study was to assess predictive value of a new Submaximal 

Rowing Test (SmRT) on 2000 m ergometer rowing time-trial performance in 

competitive rowers. In addition, the reliability of the SmRT was investigated. 

Twenty-four competitive male rowers participated in this study. After determining 

individual HRmax, all rowers performed a SmRT followed by a 2000 m rowing 

ergometer time-trial. In addition, the SmRT was performed 4 times (2 days in 

between) in order to determine the reliability. The SmRT consists of two six-minute 

stages of rowing at 70 and 80% HRmax, followed by a three-minute stage at 90% 

HRmax. Power was captured during the three stages and 60 seconds of heart rate 

recovery (HRR60s) was measured directly after the third stage. Results showed that 

predictive value of power during the SmRT on 2000 m rowing time also increased 

with stages. CVTEE% is 2.4%, 1.9% and 1.3%. Pearson correlations (CI) are -0.73 (-0.88 

- -0.45), -0.80 (-0.94 - -0.67) and -0.93 (-0.97 - -0.84). 2000 m rowing time and HRR60s 

showed no relationship. Reliability of power during the SmRT improved with the 

increasing intensity of the stages. The Coefficient of Variation (CVTEM%) was 9.2%, 

5.6% and 6.0%. Intra-class Correlation Coefficients (ICC) and Confidence Intervals 

(CI) were 0.91 (0.78 - 0.97), 0.92 (0.81 - 0.97) and 0.90 (0.79-0.96).  The CVTEM% and 

ICC of HRR60s was 8.1% and 0.93 (0.82 - 0.98). In conclusion, the data of this study 

shows that the SmRT is a reliable test that is able to accurately predict 2000 rowing 

time on an ergometer. The SmRT is a practical and valuable submaximal test for 

rowers which can potentially assist with monitoring, fine-tuning and optimizing 

training prescription in rowers.    

 

Keywords: Athletic performance; submaximal testing; SmRT; reliability; LSCT
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INTRODUCTION 

Competitive rowers perform intensive rowing ergometer tests in order to measure 

the effects of their highly demanding training regime on performance. Testing 

and monitoring performance (i.e. training status) is important to optimize training 

prescription. As the absolute training intensity is similar for all rowers within the 

same team, it is challenging to individualize training prescription. Therefore, some 

rowers may under-train and some may over-train. To improve rowing 

performance, training intensity and recovery should be well-balanced as 

imbalance can result in stagnation or a decreased performance caused by non-

functional overreaching or even overtraining syndrome [24,25]. In an attempt to 

optimize performance, it is important to monitor athletes continuously by means 

of a non-invasive, practical and reliable test that can predict performance 

accurately.  

Previously, several maximal ergometer tests have been used to assess 

rowing performance. The most commonly used test to assess rowing performance 

is the 2000 m time-trial [21], which is usually performed on an indoor rowing 

ergometer, such as the Concept2® ergometer. Although the 2000 m time-trial is 

known to be reliable and widely used to assess training status of rowers [30], 

anecdotal evidence from rowers confirms that this test has an extremely high 

level of exertion. Therefore, this test is not suitable to be performed on a regular 

basis. Other tests that are valid to measure rowing performance include peak 

power [4] and power at maximal oxygen uptake (VO2max) [26] during incremental 

maximal performance tests and peak power output during a Wingate test[28]. 

However, all of these performance tests require maximal exertion of the rowers, 

which tends to interfere with normal training and racing habits [16].   

In a recent review, it is concluded that lactate power at 4 mmol·L-1 during 

a maximal incremental exercise test have adequate validity for assessing 

moderate differences in training status of a rower [30]. Although lactate power is 

a valid method, the reliability of determining blood lactate concentration by ear 

or finger sampling is associated with a high measurement error [32]. Moreover, it is 

an impractical measure because of the invasiveness of blood sampling and 

because it is measured during a maximal performance test. Therefore, lactate 

power cannot be considered optimal for frequent measurements of training 

status.  
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In the current study, the design of a promising submaximal cycle test, the 

Lamberts and Lambert Sub-maximal Cycling Test (LSCT) [15,20], is translated to a 

Submaximal Rowing ergometer Test (SmRT). Within the LSCT multiple variables are 

collected such as mean power output, cadence and ratings of perceived 

exertion, while 60 seconds heart rate recovery (HRR60s) is also captured after the 

final stage at the end to the test. Lamberts et al. showed that mean power output 

during the third stage of the LSCT (cycling at 90% of HRmax) is the strongest 

predictor of peak power output (r = 0.94), VO2max (r = 0.91) and 40 km time-trial 

performance (r = -0.92) [20]. Even stronger relationships between the LSCT and 

peak power output (r = 0.98), VO2max (r = 0.96) and 40 km time-trial performance (r 

= -0.98) are found when multivariate analyses are used [15]. In addition, the LSCT 

changes with a change in training status and is able to reflect a state of non-

functional overreaching [18,19]. Based on these positive results and as the data 

within a rowing ergometer test can be collected similarly as within a cycle 

ergometer test, the design of the LSCT was translated to the rowing ergometer. 

The aim of the current study was to assess the predictive value of the SmRT 

on 2000 m ergometer rowing time in competitive rowers. In addition, the reliability 

of the SmRT was determined. 

 

METHODS 

Experimental Approach to the Problem 

A group of rowers performed an incremental rowing test during the first laboratory 

visit. The rowers were familiarized to the SmRT on at least 3 occasions. All rowers 

performed an SmRT followed by a 2000 m rowing time-trial with one to three days 

in between to determine predictive value of the SmRT. A sub-group of rowers 

performed the SmRT 4 times with 2 days in between in order to determine 

reliability of the SmRT.  

 

Subjects 

Twenty-four competitive male rowers were recruited to participate in the study. 

All rowers had experience in competitive rowing of 4 ± 3 years (ranging from 2 to 

11 years). The rowers trained 10 - 12 hours per week on average, including 2 - 3 

hours of strength training, divided over 2 sessions. In addition to outdoor training, 

the rowers were accustomed to training on an indoor rowing ergometer 
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(Concept2®). The coach agreed to planning the tests during a low-intense 

training period. Nine rowers were classified as “light weight class rowers” and 

fifteen as “open class rowers”. A rower classified as lightweight may not weigh 

more than 72.5kg on the racing day according to the rules of racing by FISA [8]. 

Within open class rowing, there are no weight restrictions. Before participation, a 

sport physician medically cleared all rowers according to the Lausanne 

recommendations [2] and all rowers signed an informed consent. This study was 

approved by the local ethics and research committee. The study has been 

conducted in line with the requirements of the Declaration of Helsinki.  

 

Procedures 

The incremental rowing test started with a three minute warm-up at a power 

output of a 150 W for light weight class rowers and 175 W for open class rowers. 

Subsequently, rowers were asked to increase their power output by 25 W every 

minute. When the rowers were not able to elicit the predetermined power output, 

they were asked to perform a 30 s all-out sprint [22]. The rowers were verbally 

encouraged during the test and feedback about power, time, distance and 

stroke rate was displayed on the screen of the rowing ergometer during the 

whole test.  Heart rate during the test was recorded continuously using a Garmin 

sport watch (Garmin ForeRunner 310XT®, Hampshire, UK) and calculated as 1s 

averages. HRmax was determined as the highest heart rate recorded during the 

test. In addition, gas exchange was measured using an automated breath-by-

breath analyzer (Cortex Metalyzer 3b, Leipzig, Germany).   O2max was defined as 

the highest 30 second   O2 interval observed during the test. 

All tests were performed on a Concept2® rowing ergometer (Model D, 

Morrisville, USA) equipped with a PM4 computer (Concept2®, USA) in similar 

environmental conditions (14.6 ± 3.5°C and 49 ± 8% relative humidity). Rowers 

refrained from strenuous exercise and consuming alcohol 24 hours before each 

test and the rowers did not consume caffeine 4 hours before all tests. During the 

tests, the drag factor of the ergometer was set at 120 ∙ 106 kg∙m-1 for light weight 

class rowers and 130 ∙ 106 kg∙m-1 for open class rowers. These drag factors were in 

line with drag factors of the rower’s regular ergometer training. 
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Submaximal Rowing Test (SmRT) 

The SmRT protocol was based on the LSCT in which cyclists were asked to cycle at 

60%, 80% and 90% of individual HRmax [20]. After pilot tests and based on feedback 

from the rowers, the initial stage of the SmRT was changed from 60% to 70% of 

HRmax, because it was too difficult for the rowers to keep their heart rate stable at 

60%. The total duration of the SmRT was 17 minutes, during which the rowers were 

asked to row 6 minutes at 70% and 6 minutes at 80% of HRmax, followed by 3 

minutes at 90% of HRmax and 2 minutes of rest (Figure 1). Rowers were asked to row 

at a heart rate within 2 beats of the predetermined target heart rate. Within the 

rest stage, rowers sat up straight and did not speak for 2 minutes, in order to 

capture HRR60s accurately. Ratings of Perceived Exertion (RPE)[3] were asked 30 

seconds before the end of each stage (5:30, 11:30 and 14:30 min:s, respectively). 

Rowers received continuous feedback on heart rate and elapsed time on the 

screen of the ergometer. However, they did not receive any feedback on power 

output during the whole test. 

Mean power, stroke rate and the difference between the predetermined 

target heart rate and actual heart rate during all three stages of the SmRT were 

calculated and used for further analysis. Due to the slow half-life of heart rate 

[1,20], the first minute of every stage was excluded from analyses. Hence, 

performance parameters over the last 5 minutes of stage 1 and 2 (1:00 - 6:00 min:s 

and 7:00 – 12:00 min:s) and the last 2 minutes of stage 3 (13:00 - 15:00 min:s) were 

analyzed (Figure 1) [20]. Although 2 minutes of HRR60S data were captured within 

the SmRT, HRR60s was only calculated over the initial 60 s of the recovery period 

because HRR60s measurements have been shown to be more reliable and 

associated with lower day-to-day variations than HRR120s measurements [17]. HRR 

was calculated as the difference between mean heart rate in the last 15 s of 

stage 3 (14:45 - 15:00 min:s) and mean heart rate in the last 15 s during the first 

minute of rest (15:45 - 16:00 min:s) [7,20].  
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Figure 1. A rower’s heart rate and power profile response to a Submaximal Rowing Test 

(SmRT).  

* = 5 minute period over which the mean SmRT performance parameters were analysed. 

# = 2 minute period over which the mean SmRT performance parameters were analysed. 

HRR = Heart Rate Recovery 

 

 

2000 m rowing time-trial 

Results of the 2000 m rowing time-trial were also used for selection purposes of the 

Dutch Rowing Association (KNRB). Therefore, the rowers were highly motivated to 

perform as well as possible. During the 2000 m time-trial, the rowers were verbally 

encouraged by their coach. A self-selected warm up was performed prior to the 

start of the 2000 m time-trial. Rowers received continuous feedback about power, 

time, distance and stroke rate on the screen of the ergometer. 2000 m rowing 

time (i.e. performance) was determined by time needed (min:s) to complete the 

time-trial. 

 

Statistical analysis 

All outcome variables were shown to be normally distributed by a Shapiro-Wilk’s 

test (p<0.05) and visual inspection of histograms, normal Q-Q plots and box plots. 

Descriptive statistics for all variables were represented as mean ± standard 

deviation (SD). Differences in the relationships between light weight class rowers 

and open class rowers were analysed by slope and Y-axis intercepts analysis 
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(GraphPad Prism version 6.03 for Windows, GraphPad Software, San Diego, 

California, USA). No significant differences in slopes and Y-axis intercepts between 

light weight class and open class rowers were found. Therefore, the analyses were 

performed for the group as a whole. 

The predictive value of the SmRT was assessed by establishing the 

relationships between mean power output during the three stages of the SmRT, 

HRR60s and 2000 m rowing time (n=22). The strength of these relationships were 

analysed with Pearson correlations, Typical Error of the Estimate (TEE) and TEE 

expressed as coefficient of variance (CVTEE%). In addition, 95% confidence 

intervals (95% CI) were calculated.  

Reliability was determined over the sub-set of rowers (n = 12) who 

performed the SmRT on four occasions interspaced with 2 days. The repeatability 

of the SmRT (power output, RPE and stroke rate during the three stages and 

HRR60s) was assessed by calculating intra-class correlation coefficients (ICC), 

Typical Errors of Measurements (TEM) and the TEM expressed as a coefficient of 

variation (CVTEM%).  

The thresholds for interpretation of the magnitude of ICC were: very small (<0.1) 

low (0.1-0.3), moderate (0.3-0.5), high (0.5-0.7), very high (0.7-0.9), and nearly 

perfect (>0.9)[12]. CVTEM% and CVTEE% were doubled in order to interpret the 

magnitude of differences between tests as being very small <0.3%), small (0.3-

0.9%), moderate (0.9-1.6%), large (1.6-2.5%), very large (2.5-4.0%) and extremely 

large (>4.0%) [12,31]. All measures of validity and reliability were calculated using 

spreadsheets downloaded from http://sportsci.org [11].  

 

RESULTS 

Of the 24 rowers who participated, all test results of one rower were excluded for 

analysis because he was diagnosed with pneumonia a month before the tests 

and we could not determine with certainty that he was fully recovered. Of the 23 

rowers who were included for analysis (see Table 1 for descriptive characteristics), 

22 rowers were included in the predictive value study. This was because one 

rower did not complete the 2000 m rowing time-trial, because he was not feeling 

well that day.  

A subset of twelve rowers was included in the reliability study, of which one 

rower could not complete the second SmRT due to transportation problems.  

http://www.sportsci.org/
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Table 1. Rowers’ characteristics (mean ± standard deviations)  

 
NR rowers R rowers All rowers 

 
n = 11 n = 12  n = 23* 

Age (years) 23 ± 1 20 ± 1 22 ± 2 

Height (cm) 190 ± 7 190 ± 7 191 ± 7 

Body mass (kg) 83 ± 3 80 ± 8 82 ± 8 

HRmax (b·min-1) 195 ± 10 193 ± 6 194 ± 8 

VO2max  (L·min-1) 5.1 ± 0.3 5.4 ± 0.4 5.3 ± 0.4 

VO2max (mL·kg-1·min-1) 61.6 ± 5.1 67.8 ± 4.5 64.9 ± 5.5 

NR rowers = Rowers who did not participate in the reliability study; R rowers = rowers who 

participated in the reliability study. * = one of these rowers did not complete the 2000m 

test. 

 

 

Predictive value of the SmRT on 2000 m rowing times  

Relationships between mean power output during all measures within the SmRT 

and 2000 m rowing time are shown in figure 2A-D (n = 22). The association between 

parameters of the SmRT and 2000 m performance increased with stages 

(intensity) during the SmRT and CVTEE% decreased with stages. The highest 

correlation and lowest CVTEE% was shown by power output during stage 3 (r = -

0.93; CI: -0.97 - -0.84 and 1.3%; CI: 1.0 - 1.9%). This indicates that rowers who had a 

higher mean power output associated with 90% HRmax were able to complete the 

2000 m rowing time-trial faster.  

No significant relationship was found between HRR measured within the 

SmRT and 2000 m rowing time. 

Table 2 shows mean physiological and subjective responses to the SmRT 

before the 2000 m rowing test. The mean 2000 m rowing time was 6:29 ± 0:14 min:s 

and  ranged from 6:11 to 6:52 min:s. The average power output over the 2000 m 

time-trials was 382 ± 39 W, ranging from 331 W to 440 W. Power during stage 1, 2 

and 3 during the SmRT was 43 ± 6%, 54 ± 4% and 75 ± 5% of average 2000 m time-

trial power.  
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Figure 2. Relationships between 

mean power output during 

stage 1 (A), stage 2 (B), stage 3 

(C) and Heart Rate Recovery 

(HRR) (D) of the SmRT and 2000 

m rowing performance (time). 

Open class rowers (OC) are 

represented by closed circles 

(●). Light weight class rowers 

(LW) are represented by the 

open circles (○). Intra-class 

correlation for OC is -0.94 and 

for LW is -0.79. Dotted lines 

represent 95% confidence 

intervals. 
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 Table 2. Mean physiological and subjective responses to the last SmRT before the 2000 m 

rowing test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

RPE = Rating of Perceived Exertion; HR difference = the difference between required HR 

and actual HR; HRR60s = 60 seconds of heart rate recovery 

 

 

Reliability of SmRT parameters 

SmRT parameters of the four measurement occasions are shown in Table 3. All 

rowers adhered well to the predetermined HR during all three steps of the test. 

This was shown by the difference of only 1 bpm on average between 

predetermined HR and actual HR during the SmRT (Table 3). In addition to the 

SmRT parameters, ICC, TEM and CVTEM% of power, stroke rate, RPE and HRR are 

shown in Table 2. Power in all three stages of the SmRT showed “nearly perfect” 

ICC’s (0.91, 0.92 and 0.90, respectively). CVTEM% was doubled for interpretation of 

the magnitude, as proposed by Smith & Hopkins [31], which classified CVTEM% of 

power in stage 1, 2 and 3 (18.4%, 11.2% and 15.4%, respectively) as “extremely 

large”. CVTEM% of power in stage 3 between the first and second test is 6.6%, 

between the second and third test 5.4% and between the third and fourth test 

6.0%. 

 n = 22 

Stage 1  

Power (W) 167 ± 32 

Stroke rate (strokes·min-1) 18 ± 1 

RPE (units) 9 ± 2 

HR difference (beats) -1 ± 1 

Stage 2  

Power (W) 209 ± 30 

Stroke rate (strokes·min-1) 20 ± 2 

RPE (units) 13 ± 1 

HR difference (beats) -1 ± 1 

Stage 3  

Power (W) 290 ± 44 

Stroke rate (strokes·min-1) 24 ± 3 

RPE (units) 16 ± 1 

HR difference (beats) -1 ± 1 

HRR60s (beats) 54 ± 11 



 

 

1
0

4
 

 

Table 3. Mean physiological and subjective responses to the SmRT 

RPE = Rating of Perceived Exertion; HR difference = the difference between required HR and actual HR; HRR60s = 60 seconds of heart rate 

recovery; *N=11; 95% confidence intervals (CI) at Intra-class Correlation Coefficient (ICC), Typical Error of the Measurement (TEM) and TEM 

expressed as coefficient of variation (CVTEM%) 

 LSCT        

N = 12 1 2* 3 4 Mean ICC (CI) TEM (CI) CVTEM% (CI) 

Stage 1         

Power (W) 151 ± 39 154 ± 40 166 ± 42 154 ± 31 156 ± 13 0.91 (0.78–0.97) 12.9 (10.3–18.1) 9.2 (7.3–13.1) 

Stroke rate (·min-1) 18 ± 1 18 ± 1 18 ± 2 18 ± 1 18 ± 1 0.48 (0.15–0.78) 1.1 (0.8–1.5) 6.3 (4.4–10.9) 

RPE (units) 9 ± 2 10 ± 1 10 ± 1 10 ± 1 10 ± 1 0.57 (0.26–0.83) 0.9 (0.7–1.3) 10.4 (8.2–14.9) 

HR difference (beats) -1 ± 2 -1 ± 1 -1 ± 2 -1 ± 1 -1 ± 2    

Stage 2         

Power (W) 191 ± 36 194 ± 38 203 ± 39 195 ± 27 195 ± 34 0.92 (0.81–0.97) 10.9 (8.5–15.2) 5.6 (4.4–8.0) 

Stroke rate (·min-1) 19 ± 1 19 ± 1 20 ± 2 19 ± 1 19 ± 2 0.61 (0.30–0.85) 1.0 (0.8–1.5) 5.2 (4.1–7.3) 

RPE (units) 13 ± 1 13 ± 2 13 ± 1 12 ± 2 13 ± 1 0.57 (0.24–0.83) 1.0 (0.8–1.5) 9.1 (7.1–12.9) 

HR difference (beats) -1 ± 1 0 ± 1 -1 ± 1 0 ± 1 -1 ± 1    

Stage 3         

Power (W) 263 ± 39 260 ± 47 271 ± 48 265 ± 38 265 ± 42 0.90 (0.79-0.96) 15.4 (12.6–20.4) 6.0 (4.9–8.0) 

Stroke rate (·min-1) 23 ± 2 23 ± 3 24 ± 3 23 ± 2 23 ± 3 0.73 (0.46–0.90) 1.4 (1.1–2.0) 6.4 (5.0–9.1) 

RPE (units) 16 ± 2 16 ± 2 16 ± 2 15 ± 1 16 ± 1 0.56 (0.23–0.82) 1.1 (0.8–1.5) 7.6 (5.9–10.8) 

HR difference (beats) -1 ± 1 0 ± 1 -1 ± 1 -1 ± 1 -1 ± 1    

HRR60s (beats) 56 ± 18 53 ± 12 55 ± 10 53 ± 11 54 ± 13 0.93 (0.82–0.98) 4.0 (3.2–5.7) 8.1 (6.3–11.6) 



SUBMAXIMAL ROWING ERGOMETER TEST (SmRT) 
 

 105 

The ICC of stroke rate increased with intensity of the stages. During stage 3, 

the ICC of stroke rate was classified as “very high”. However, doubled CVTEM% of 

stroke rate during all stages was “extremely large” (12.6%, 10.4% and 12.8%, 

respectively). 

ICC of RPE during all three stages of the SmRT were classified as “high”, 

while doubled CVTEM% of RPE during all stages was “extremely high” (20.8%, 18.2%, 

and 15.2%, respectively).  

ICC of HRR60s was “nearly perfect”, but CVTEM% was “extremely high” 

(16.2%).  

 

DISCUSSION 

The aim of the current study was to determine if the LSCT [20], a submaximal 

cycle test which is able to predict and monitor cycling performance, could be 

translated to a submaximal rowing test (SmRT). An important finding of the study 

was that the design of the LSCT could be well translated to the SmRT. All rowers 

were able to row close to their predetermined submaximal heart rates (± 1 beat) 

during the three different stages of the SmRT.  Although the intensity of the first 

stage of the SmRT was slightly higher (70% of HRmax) compared to the LSCT (60% of 

HRmax) [20], the mean rating of perceived exertion during the three stages were 9, 

13 and 16, respectively. These ratings are similar to the three stages within the 

LSCT (8, 12 and 16, respectively) [20]. 

The main finding of the study was that the SmRT was able to accurately 

predict 2000 m rowing time when performed on an indoor rowing ergometer. 

Significant inverse relationships were found between 2000 m rowing time mean 

power during all three stages of the SmRT (r = -0.73, -0.85 and -0.93, respectively). 

The strongest relationship between 2000 m rowing time and mean power during 

the third stage of the SmRT (r = -0.93) was associated with a typical error of the 

estimate of 5 seconds or 1.3% (see also Figure 2). These finding are in line with the 

finding by Lamberts et al. [20] who reported relationships between a 40 km time 

trial time (40km TT) and the second and third stage of the LSCT of r = -0.84 and r = 

-0.92, respectively. However, the associated typical error of the estimate for 40km 

TT time from stage 2 (3.1%) and stage 3 (2.2%) are slightly higher. This can likely be 

explained by the distance and duration of the performance tests as more 
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variation will be associated with longer tests.  The increase in predictive value with 

exercise intensity within the SmRT, is in line with the findings of Lamberts et al. [20].  

Cosgrove et al. [6] showed that correlations between submaximal rowing 

economy during submaximal testing and 2000 m time-trial increases with exercise 

intensity. The relatively strong correlation between mean power during the SmRT 

and 2000 m rowing time can likely be explained by the design of the SmRT. As the 

rowers row at a similar relative intensity (different absolute intensities) instead of 

rowing at fixed absolute intensities (different relative intensities), better 

relationships with rowing performance parameters can be expected. In addition, 

as the exercise intensity of the third stage of the SmRT was close to the exercise 

intensity of the 2000 m rowing time trial, this might explain that the strongest 

relationship was found between these two variables.  

In contrast to Lamberts et al. [20], who found a weak relationship between 

HRR and 40km TT performance (r = -0.55), we did not find a relationship between 

HRR and 2000 m rowing time. The absence of this relationship and therefore poor 

predictive power of HRR can likely be explained by the duration of the rowing test 

and the relatively homogenous group of competitive rowers that was tested.  

Although, HRR has shown to be a valuable tool to monitor changes in training 

status in untrained to elite athletes [7] and is able to predict fitness and health 

status in the general population [5], the relationship between HRR seems and 

training status seems become weaker within homogenous groups [7,9,20]. This 

can likely be explained by genetic polymorphisisms in the acetylcholine receptor 

M2 (CHRM2), which also influences the rate of HRR [9].  

Another factor that might have contributed to the absence of a 

relationship between HRR and 2000 m rowing time is that in contrast to Lamberts 

et al. [20], a much shorter time-trial test was used with relatively small time 

differences between the rowers. Although HRR did not seem to be a good 

predictor of 2000 m rowing time, it still potentially can be an important monitoring 

tool to detect changes in training status of rowers. As HRR within the SmRT varied 

by about 4 bpm or 8.1%, changes in HRR of ≥ 5 beats should be interpreted as 

meaningful. This variation in HRR was slightly higher than within the LSCT (2 beats). 

An explanation may be that our rowers first detached their feet and only then 

were able to sit up straight. However, with keeping this in mind, the variation in 

HRR (ICC; 0.93) was arguably very low. This can be explained because factors 



SUBMAXIMAL ROWING ERGOMETER TEST (SmRT) 
 

 107 

which influence HRR, such as the mode of exercise [10], the workload intensity 

[13,23] and duration [14,29], were all standardised and well controlled within of 

the SmRT. 

Another finding of the study was that the SmRT is a relatively reliable test. 

Good ICC’s were found for mean power output, which ranged from 0.90 to 0.92. 

Slightly weaker ICC’s were found for stroke rate (ICC range: 0.48-0.73) and RPE 

(ICC range: 056-0.57) during the three stages. These reliability scores were similar 

to those found within the LSCT (ICC range: 0.91-0.99) [20]. Although the CV TEM% of 

power during the third stage of the SmRT was higher than the 1% yardstick for 

variation in competitive on-water rowing performance [30], the magnitude of the 

ICC for the third stage was classified as ‘nearly perfect’ [12]. However, the data 

of each test should always be interpreted within its own capacities.  

A limitation of the present study was that only well-trained competitive 

rowers were tested. Therefore we cannot conclude with certainty that the SmRT 

will also be able to accurately predict rowing times in less trained subjects. In 

addition, the current study does not show if the SmRT is able to reflect changes in 

training status and can be used as a practical monitoring tool. The SmRT’s were 

completed under well controlled circumstances and the 2000 m rowing time-trial 

was completed in real competition conditions. However, this real competition 

was indoor and not in an on-water rowing competition. Therefore, 2000 m on-

water rowing times are likely to vary more and measures of predictive value will 

probably be less precise. 

In conclusion, this current study showed that the design of the LSCT could 

be well translated to a submaximal rowing test (SmRT). The SmRT is a relatively 

reliable test (ICC; 0.90-0.92) which is able to accurately predict 2000 m rowing 

time in competitive rowers (within 5 seconds). 

  

Practical applications 

The SmRT is a relatively reliable rowing test which is able to accurately predict 

2000 m rowing time. As it is a relatively short and submaximal test, it potentially 

can be used as standardized warm-up on a weekly basis. The SmRT shows 

potential to be a sport specific and practical tool to predict and monitor 

changes in training status of rowers. Future research needs to confirm if the SmRT, 
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in addition to accurately predicting rowing performance, is also able to reflect 

changes in rowing performance.       
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The aim of this thesis was to gain more insight into the ongoing interactions 

between physical and psychosocial stress and recovery and the influence on 

endurance performance parameters and sustained injuries. 

 

Key findings  

The aim of chapter 1 was to investigate the association between psychosocial 

stress, recovery and cycling performance of female athletes. The main findings 

were that several indicators of decreased stress and improved recovery are 

independently related to improved performance parameters. These results 

indicate that a higher individual stress level and reduced individual recovery can 

have a negative influence on indicators of performance. Previous research in 

which the relationship between stress, health and performance outcomes 

[4,10,14] was investigated showed similar results.  

In the second chapter the influence of a negative life event on 

psychosocial stress, recovery and submaximal performance of runners is 

described. In this chapter it has been confirmed that a negative life event is a 

source of sudden changes in psychosocial stress and recovery of runners [4,10]. It 

has also been shown that the negative life event impairs submaximal 

performance of runners slightly but significantly. These findings confirm that 

changes in psychosocial stress and recovery have an influence on performance 

parameters of athletes [1,14]. The importance of monitoring psychosocial stress 

and recovery on a regular basis was shown, because a negative life event 

initiates changes in psychosocial stress and recovery of athletes in a relatively 

short period of time. Moreover, it seems that a disturbed stress and recovery 

balance may have a delayed or prolonged influence on performance.  

In the third chapter we have investigated the influence of physical stress 

on submaximal performance of runners. Physical stress was determined by 

training duration in three training zones, i.e. perceived low, middle and high 

intensity. One of the main findings was that more training at low intensity was 

related to improved submaximal performance. Another key finding was that 

more training at high intensity was related to a decrease in submaximal 

performance. This finding may sound counterintuitive as it is known that training at 

a high intensity can improve submaximal performance [2]. To put these results into 

perspective, we speculate that there are two likely explanations: 1) the runners 
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were experiencing a total training load that was too high and they could not 

cope with high training intensities, resulting in accumulated fatigue which can 

lead to higher session ratings of perceived exertion [8]; 2) the runners experienced 

a substantial amount of psychosocial stress in addition to their already 

demanding training schedule, resulting in higher ratings of perceived exertion. This 

is implied because previous research showed that mental fatigue leads to 

increased session ratings of perceived exertion [9,16]. Also the findings of our first 

chapter provide support to the second explanation. In chapter 1 it was shown 

that increased psychosocial stress and decreased psychosocial recovery can 

lead to a decrease in performance. However, we do not know if psychosocial 

stress and recovery is directly related to performance or if it influences the training 

load, which subsequently influences the performance. Both situations that are 

described in explanation 1 and 2 could lead to non-functional overreaching and 

coinciding stagnation or decrease of performance [6,11].  

Conceptual models suggest that changes in training load may not only 

have an influence on performance of runners but that these changes can also 

lead to an increased injury risk. As a result of being injured, runners cannot train 

and compete at their best. Chapter 4 shows the relation between physical stress 

(training parameters) and injuries of runners. The results have led to the following 

insights: A high training load, relative to the individual’s average, increases the risk 

of sustaining an injury three weeks thereafter. This finding supports two ideas: 1) it 

is important to investigate training load on an individualized basis (also see 

Chapter 3); 2) there is a delay between high training load and the risk of 

sustaining an injury [12]. Other findings were that prolonged high cumulated 

relative training load/volume and high absolute and relative training intensity 

increases the risk of sustaining an injury. In addition, a high training intensity does 

not only decrease performance (Chapter 3), but it also increases the risk of 

becoming injured. 

In chapter 5, a new submaximal rowing test was introduced. Rowing is one 

of the endurance sports that is known for its tough training approach which is 

characterized by highly demanding training schedules [7,18]. In addition, 

performance of rowers is tested in a very exhaustive way, by means of maximal 

rowing ergometer tests [7]. Highly demanding training and testing schedules can 

cause rowers to be susceptible to non-functional overreaching which is 
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characterized by impaired performance [11]. Therefore, it is important for future 

studies to use a valid and reliable submaximal test to monitor rowing performance 

so that the relationship with stress and recovery can be investigated. The new 

submaximal rowing test has shown good reliability and validity. It has the potential 

to monitor performance parameters of rowers that can help coaches and sport 

scientists to gain insight into the development of their rowers and the role of stress 

and recovery. 

 To recapitulate briefly, in the current thesis more insight is given into the 

interactions between physical and psychosocial stress, recovery and 

performance parameters. In addition, a new submaximal performance indicator 

for monitoring rowing performance has proven to be reliable and valid which 

implies the potential to be a useful monitoring tool. 

 

Strengths, limitations & recommendations 

In the present thesis, we have chosen to prospectively monitor stress, recovery, 

performance parameters and injuries of 115 endurance athletes. An advantage 

of this prospective multidisciplinary approach is that coaches were interested in 

participating with their athletes. Therefore, we were able to work closely together 

with the coaches who made it possible to monitor the athletes in their natural 

training environment. The main advantage was that changes in physical and 

psychosocial stress and recovery could be captured prior to changes in 

performance parameters and the occurrence of injuries. This gives unique insights 

into the actual variations in physical and psychosocial stress and recovery of 

athletes and the impact on performance parameters and injuries. An example of 

this uniqueness is that we were able to capture stress, recovery and performance 

data of runners before and after an unforeseen negative life event (chapter 3).  

 Besides the advantages of the chosen design, there are limitations. Two 

years of monitoring physical stress and recovery on a daily basis, psychosocial 

stress and recovery on a weekly or three-weekly basis and performance 

parameters on a 6 to 7 weekly basis is a large investment for athletes. This 

investment resulted in an extensive database, which led to a larger body of 

knowledge than has been described in this thesis. However, it also resulted in non-

compliance of some athletes. This, among other reasons (such as injuries, illnesses 

and personal situations) has caused that some athletes dropped out of the study 
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and/or did not show up at tests or did not fill out the training logs or recovery and 

stress questionnaires. For example, in chapter 3 only a very small percentage of 

training log data was missing. However, 73 out of the potential 126 tests were 

performed because athletes were ill, injured or engaged in other activities at 

school or at home. Because of the missing tests we were not able to investigate 

the combined influence of training in the three intensity zones on performance. 

This problem also occurred in our first study. In chapter 1 there was so many data 

missing in the training logs, that we could not include this information to assess the 

interaction between physical and psychosocial stress and recovery. Overall, at 

the start we had the intention of using multilevel models, including physical and 

psychosocial stress and recovery to investigate the ongoing influences on 

performance and injury. However, we did not manage to include all parameters 

in one model but we were able to obtain new insights on separate parts of the 

holistic model. 

The missing data may result in a form of response bias because the athlete 

who did comply must have been motivated to do so. Therefore, it should be 

taken in consideration that the results of the current thesis are probably 

influenced by a selection bias of motivated athletes. We have tried to motivate 

athletes to participate by giving feedback twice a year about the results. The 

timing and frequency of the feedback may have been critical in the response 

rates of the athletes. Some athletes stated that they had to wait too long for the 

information. Due to the observational nature of the study we did not want to 

intervene in the training routine of athletes. Therefore, it was not possible to 

provide athletes with instant and frequent feedback, because it may change 

training habits of the athletes. However, if these tools are used in practice, it is of 

great importance for the cooperation of athletes to give feedback on a regular 

basis (e.g. monthly). 

In our study the collaboration with the coaches was essential to obtain 

complete training information. If coaches understand the importance of 

monitoring stress and recovery of their athletes it will contribute to the willingness 

to cooperate in scientific research and so he/she can motivate their athletes. 

Giving feedback to the coaches and athletes about the results and about their 

development over time can help them to understand the importance and 

increase compliance. Moreover, if feedback is given at an appropriate time it 
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may help the coaches to choose an individual training approach for their 

athletes. 

One can argue that submaximal test results do not represent actual race 

performance of athletes. However, race performance is, among other influences, 

dependent on environmental conditions [5,17], anxiety of the athlete [15], pacing 

strategy [3] and neurophysiological factors [13]. Therefore, we cannot imply that 

we studied the influence of physical and psychosocial stress and recovery on 

athletic performance, but we have provided insights into the influence of physical 

and psychosocial stress and recovery on physiological performance parameters. 

These insights can help coaches to choose measurement tools to track 

performance parameters in a non-exhaustive way.  

In chapter 1 and 3 we have assumed linearity in our multilevel analyses, 

similarly to linearity which is assumed in correlation and regression analyses. We 

are aware that the relationship between stress, recovery and performance may 

not be linear in all situations, for all athletes [11]. For example, high training loads 

can improve performance parameters if athletes recover well. High training loads 

can also cause a decrement in performance if the capacity of the athlete is not 

sufficient. These relationships may well be different for each individual athlete. 

Therefore, a non-linear approach is needed to model these relationships for each 

individual athlete to give the best advice. Complete datasets of athletes are 

crucial for the analysis and interpretation with a non-linear approach. Outcomes 

would help to search for the optimal balance of physical and psychosocial stress. 

Our recommendation for future research would be to perform the tests 

regularly at the club before the beginning of training sessions. We have done 

pilots with this approach in rowing and the compliance in test participation 

turned out to be good. With this approach it is less demanding for the athletes to 

perform tests on a regular basis. Although performing tests on location may be 

good for the compliance of athletes, it will be a challenge to standardize the 

environmental conditions. Another recommendation for future research is to use 

our findings to give direction to studies that investigate the physiological 

mechanisms behind the relationships between stress, recovery, performance and 

injuries.  
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Conclusions 

Based on the findings of the studies in this thesis, it can be concluded that 

changes in physical and psychosocial stress and recovery affect performance 

parameters and injury prevalence of endurance athletes. Combining these 

measures shows the potential to better predict changes in performance 

parameters. A negative life event has an impact on psychosocial stress, recovery 

and performance parameters of athletes. This impact is evident in measures of 

psychosocial stress and recovery for a few weeks, while it affects performance 

parameters on a longer term after the event. The risk of injuries increases after a 

prolonged increase in physical stress and also several weeks after one week of 

high physical stress (both relative to the athlete’s individual average). Overall, 

coaches and athletes should be aware of these influences and training programs 

should be monitored and adapted to the individual athlete’s balance in stress 

and recovery. 

 

Practical implications 

These practical implications are based on our results and on the process of 

monitoring athletes in our study. Monitoring training load on a daily basis is 

important to gain insight into the actual training load of athletes. Session ratings of 

perceived exertion and training duration are easy to collect and give information 

about the individual training load. It is important to scale training parameters to 

the individual’s training program, because relative changes in training load show 

associations with changes in performance and the risk of injury. 

The RESTQ-sport can be used for measuring psychosocial stress and 

recovery. In our study, athletes have filled out the long version of the RESTQ-sport 

on a weekly or 3-weekly basis. Athletes indicated that filling out the RESTQ-sport 

on a weekly basis was too much of an investment, so 3-weekly would be a better 

option. However, our results of chapter 2 showed that a negative life event was 

pronounced during only 2 weeks, which means that valuable information can be 

missed out on if the RESTQ-sport is filled out on a 3-weekly basis. Therefore, it is 

recommended to measure psychosocial stress and recovery on a regular basis 

(e.g. weekly).  
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The submaximal rowing ergometer test is suitable for measuring 

performance. Including a sport specific test into the regular warm up on a weekly 

basis would not disturb training habits and would help to better understand the 

adaptations to training and psychosocial stress and recovery of athletes. 

All in all, it is important to monitor individual physical and psychosocial stress and 

recovery of endurance athletes and relate it to changes in performance of the 

athletes.  
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Endurance athletes need to balance stress and recovery in their training program 

to gain performance benefits and decrease the risk of injuries. It may be clear 

that physical stress from training and recovery influences athletic performance 

and the risk of injuries. Though, it is speculated that a change in performance or 

injury risk of an athlete is caused by changes in psychosocial stress and recovery. 

For example, an athlete who needs to pass exams can suffer from high 

psychosocial stress and because of a demanding training program there may not 

be enough time for sufficient recovery. This could result in a decreased 

performance and/or an increased risk of becoming injured. However, there is a 

lack of scientific evidence on how physical and psychosocial stress and recovery 

influences performance indicators and injury risk of endurance athletes.  

Therefore, the aim of this thesis was to investigate continuous interactions 

between physical and psychosocial stress and recovery as well as the influence 

on endurance performance indicators and injury risk. For this purpose we have 

monitored physical and psychosocial stress, recovery, performance indicators 

and injuries of 115 runners, cyclists, rowers, ice-skaters and tri-athletes over a 

period of two years. All athletes kept a daily personal training log up to date, they 

filled out a weekly or 3 weekly stress and recovery questionnaire, performed each 

6 to 7 weeks submaximal performance tests and they registered their injuries at 

the time of occurrence. 

 

It is assumed that psychosocial stress and recovery influence the performance of 

athletes. In chapter 1 the study can be found on perceived psychosocial stress 

and recovery on cycling performance of female athletes measured over a 

period of one year. The results indicated that improved perceived psychosocial 

stress and recovery contributes to an improvement of performance indicators, 

such as submaximal power output. This indicates that changes in psychosocial 

stress and recovery of athletes should be taken into account when analysing 

performance changes. 

 

A negative life event is a source of sudden change in perceived psychosocial 

stress and recovery which may influence the endurance performance of athletes. 

In chapter 2 it has been shown that the influence of a negative life event on 

perceived stress and recovery becomes visible during the week of the negative 
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life event and one week thereafter. Moreover, an impaired running economy 

(indicator of endurance performance) was shown 3 weeks after the negative life 

event. Therefore, it is important to know what is going on in an athlete’s life, 

because a negative life event has an influence on perceived stress and recovery 

as well as on endurance performance. 

 

Chapter 3 shows the study on the relationship between training intensity and the 

performance indicators of runners. The training duration at intensities in three 

training zones based on session Ratings of Perceived Exertion (sRPE) are 

described. The influence of time spent in the three training zones have been 

investigated in relation to the performance indicators (submaximal heart rate and 

running economy) by using a multi-level approach. Results indicate that there is a 

standard deviation in perceived training intensity between runners, but not within 

runners. Extended training duration at low intensity contributed to lowered 

submaximal heart rate, but there was no relation with running economy. 

Extended training duration at medium intensity was not related to changes in 

performance indicators. Extended training duration at high intensity indicated to 

be disadvantageous to performance indicators.  

This study learned that there is a large variation in training intensity between 

runners and it could be beneficial to exchange time spent at high intense training 

with low intense training.  

 

Physical training stress could be an important marker for the injury risk among 

athletes. Chapter 4 describes the influence of training parameters and the risk of 

runners to become injured, so that they cannot perform optimally. The absolute 

training loads and relative training loads from the athlete’s own averages were 

used for the analyses. High relative training loads showed a relation to the 

increased risk of an injury. There is a “training time frame” relation to the increased 

risk of becoming injured, pointing at 3 previous training areas before the injury 

occurred: 1) High relative training load 3 weeks before the injury; 2) high 

cumulative relative training load over the previous 5 weeks; 3) high training 

intensity 3 and 5 weeks before the injury. The findings imply that there is a delay 

between the moment of increased training load and the occurrence of an injury. 

Also, it seems to be important to scale training parameters to a personal average, 
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because injuries can be better predicted as they have a relation to changes in 

training loads of individuals. 

 

Chapter 5 is dedicated to a newly developed submaximal performance test for 

monitoring rowing performance. Due to the fact that rowers have one of the 

most demanding training schedules, a new submaximal performance test is 

proposed for the purpose of monitoring rowing performance. The submaximal 

rowing test is a reliable test that is able to accurately predict the 2000 meter 

rowing time (at maximal effort) on an ergometer. It is a practical submaximal test 

for rowers that can potentially support the monitoring of rowing performance and 

as a consequence optimizing the individual training programme. 

 

Conclusions 

The changes in the balance of physical and psychosocial stress and recovery 

influence performance indicators of endurance athletes. A negative life event 

disturbs the perceived psychosocial stress and recovery over a relatively short 

period of time and it impacts performance indicators. In addition, the risk of 

becoming injured increases after increased relative training loads (physical stress). 

Last but not least, it has been proven that the new submaximal rowing ergometer 

test is a reliable test which accurately predicts maximal ergometer rowing 

performance. Therefore, the new submaximal method has the potential to be 

widely used as a valuable monitoring tool. Therefore, the advice for coaches and 

athletes is to monitor physical and psychosocial stress and recovery, and be 

aware of the influence on performance and the risk of becoming injured. This can 

help to adapt training programs to individuals needs of athletes to enhance 

performance and prevent injuries. 
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Voor duursporters is een goede balans van belasting en herstel van groot belang 

voor prestatieverbeteringen met een zo klein mogelijke kans op blessures. Het is in 

de praktijk alom bekend dat fysieke belasting en herstel (dus training en rust) 

invloed hebben op de prestaties en blessurekansen van sporters. Naast training 

en rust wordt er ook verondersteld dat psychosociale belasting en herstel invloed 

kunnen hebben op de prestaties en de kans op blessures. Bijvoorbeeld: Een 

sporter die moet studeren voor examens kan last hebben van een verhoogde 

psychosociale belasting. Wanneer dit gecombineerd is met weinig herstel door 

een veeleisend trainingsprogramma zou het kunnen leiden tot slechtere 

prestaties en/of een verhoogde kans op blessures. Wetenschappelijke gezien is 

momenteel grotendeels onbekend hoe fysieke en psychosociale belasting en 

herstel de prestaties en de kans op blessures van duursporters beïnvloeden. Het 

doel van dit proefschrift was daarom om interacties tussen fysieke en 

psychosociale belasting, herstel, prestaties en blessures te onderzoeken. Twee 

jaar lang zijn fysieke en psychosociale belasting en herstel, prestatie-indicatoren 

en blessures onderzocht van 115 duursporters (hardlopers, wielrenners, roeiers, 

schaatsers en triatleten). De sporters hebben in die periode dagelijks een 

trainingslogboek bijgehouden en wekelijks tot 3-wekelijks een belasting en 

herstelvragenlijst ingevuld. Elke 6 tot 7 weken hebben zij een submaximale 

prestatietest gedaan en gedurende de gehele periode hebben ze informatie 

over hun eventuele blessures geregistreerd. 

 

Psychosociale belasting en herstel zouden invloed kunnen hebben op prestaties 

van sporters. De vraag is echter in welke mate dit tot uiting komt. In hoofdstuk 1 

zijn de relaties tussen psychosociale belasting en herstel en fietsprestaties van 

vrouwelijke sporters beschreven. De resultaten laten zien dat een verbetering in 

ervaren psychosociale belasting en herstel bijdraagt aan een verbetering in 

prestatie-indicatoren, zoals het geleverde vermogen bij eenzelfde hartfrequentie. 

Dit geeft aan dat veranderingen in psychosociale belasting en herstel van 

sporters van belang zijn voor de interpretatie van veranderingen in prestaties.  

 

Een negatieve levensgebeurtenis is een bron van plotselingen veranderingen in 

ervaren psychosociale belasting en herstel, wat de prestaties van duursporters 

zou kunnen beïnvloeden. Hoofdstuk 2 laat zien dat de invloed van een negatieve 
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levensgebeurtenis op ervaren psychosociale belasting en herstel naar voren komt 

in de week van de gebeurtenis en 1 week daarna. Daarnaast blijkt dat de 

loopeconomie (prestatie-indicator) van hardlopers 3 weken na een negatieve 

levensgebeurtenis is verminderd. Het is dus belangrijk om te weten wat er in het 

leven van een sporter speelt omdat een negatieve levensgebeurtenis invloed 

heeft op zowel psychosociale belasting en herstel als op de prestatie. 

 

In hoofdstuk 3 is de invloed van trainingsintensiteit op veranderingen in prestatie-

indicatoren van hardlopers onderzocht en weergegeven. De trainingsintensiteit, 

gemeten met de “Ervaren Mate van Inspanning” van de trainingssessies (EMI), is 

opgedeeld in drie trainingszones (lage, matige en hoge intensiteit). Er is 

uitgezocht wat de invloed is van de trainingstijd in drie trainingszones op 

prestatie-indicatoren (submaximale hartfrequentie en loopeconomie) door 

middel van multilevel-analyses. Vermeerderingen van training op lage intensiteit 

droeg bij aan een verlaagde submaximale hartfrequentie, maar had geen 

invloed op de loopeconomie. Training bij matige intensiteit was niet geassocieerd 

met verandering in de prestatie-indicatoren. Daarnaast bleek dat een 

vermeerdering van training op hoge intensiteit resulteerde in een verslechtering 

van prestatie-indicatoren. Uit dit onderzoek is verder naar voren gekomen dat er 

een grote variatie is in trainingsduur in de drie intensiteitszones tussen hardlopers 

onderling. Hardlopers die veel trainen met hoge intensiteit zouden er baat bij 

kunnen hebben om deze training bij een lagere intensiteit uit te voeren.  

 

Het wordt verondersteld dat fysieke belasting een grote invloed heeft op het 

ontstaan van blessures waardoor sporters niet optimaal kunnen presteren. In 

hoofdstuk 4 zijn relaties tussen trainingsbelasting en blessures van hardlopers 

onderzocht. De trainingsbelasting is zowel absoluut als relatief ten opzichte van 

het gemiddelde van de individuele trainingsbelasting weergegeven. Uit de 

resultaten blijkt dat de volgende factoren de kans op blessures vergroot: 1) hoge 

relatieve trainingsbelasting in de week die 3 weken voorafgaat aan een blessure; 

2) hoge cumulatieve relatieve trainingsbelasting gedurende meerdere weken. 

Het blijkt dat veranderingen in trainingsmaten die zijn geschaald naar het eigen 

trainingsgemiddelde een beter idee geven over de kans op blessures dan de 

absolute training in vergelijking met andere hardlopers. 
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Omdat roeiers zeer veeleisende trainingsprogramma’s hebben, is er in hoofdstuk 

5 een nieuwe submaximale ergometer-roeitest beschreven om fysieke prestaties 

van roeiers te kunnen monitoren. Tot op heden was er nog geen submaximale 

roeitest beschikbaar die met weinig materiaal op een simpele manier uitgevoerd 

kan worden. De resultaten van dit hoofdstuk laten zien dat de roeitest 

betrouwbaar is en dat de testwaarden een accurate voorspelling van een 

maximale 2000 meter ergometer-roeiprestatie geven. De submaximale roeitest is 

praktisch goed uit te voeren en heeft de potentie om de prestaties van roeiers te 

monitoren om zo te helpen bij het optimaliseren van trainingsprogramma’s. 

 

Conclusies 

De algemene conclusie is dat veranderingen in de balans van fysieke en 

psychosociale belasting en herstel invloed hebben op prestatie-indicatoren van 

duursporters. Een negatieve levensgebeurtenis verstoort de ervaren mate van 

psychosociale belasting en herstel en heeft ook invloed op prestatie-indicatoren. 

Daarnaast kan een verandering in de kans op blessures beter verklaard worden 

aan de hand van individuele verandering in trainingsbelasting dan aan de hand 

van absolute belasting in vergelijking met anderen. Als laatste kan worden 

geconcludeerd dat de submaximale ergometer-roeitest een betrouwbare test is 

waarmee de maximale ergometer-roeiprestatie accuraat voorspeld kan worden. 

Deze nieuwe submaximale test heeft de potentie om een waardevol instrument 

te zijn voor het monitoren van roeiers. Het zou goed zijn als coaches en sporters 

fysieke en psychosociale belasting en herstel monitoren en op de hoogte zijn van 

de invloed op prestaties en de kans op blessures. Hierdoor kunnen 

trainingsprogramma’s aangepast worden aan individuele verschillen in de balans 

tussen belasting en herstel om uiteindelijk de prestaties te bevorderen en de kans 

op blessures te verminderen. 
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Binnen het onderzoek – ik zeg expres niet “mijn” onderzoek – zijn er ontzettend 

veel mensen die hebben meegewerkt. Al deze slimme, lieve, leuke, sportieve en 

voornamelijk hardwerkende mensen wil ik bedanken. Hiervoor ga ik heel hard 

mijn best doen in dit dankwoord. Ondanks dat, vergeet is nog wel eens wat, dus 

als je niet (bij naam) genoemd bent en vindt dat je er wel bij hoort dan hoor je 

erbij en mag je willekeurig een stukje tekst kiezen en het op jezelf betrekken ;). 

 

Prof. dr. K. Lemmink, Beste Koen, tijdens de gehele PhD periode heb je me (voor 

mijn gevoel) heel vrij gelaten in wat er mogelijk was, in wat er moest en mocht. Je 

subtiele manier van bijsturen is voor mij buitengewoon effectief geweest. Ik heb 

veel geleerd van jouw manier van aanpakken en kan dit goed gebruiken in de 

toekomst.  

 

Prof. dr. R. Diercks, Beste Ron, vanaf het begin hebben wij de klik gehad wat 

betreft roeien. Jij houdt van roeien en ik deed (doe) er onderzoek naar . 

Bedankt dat je mij hebt betrokken in de wereld van het roeien met presentaties 

op de Hunze en het Roeicoachcongres. Hierdoor heb ik meer interesse gekregen 

voor het onderzoeksonderwerp. Zodanig veel dat ik nu ook met regelmaat in de 

boot zit.  

 

Dr. M. Brink, Beste Michel, jij bent de stille kracht geweest in het onderzoek. In mijn 

ogen tenminste. Je observeert en geeft af en toe een rake opmerking waardoor 

alles een stuk duidelijker is. Jij laat zien hoe je een goede bijdrage kunt leveren 

zonder met een uitgesproken mening vooraan te staan. Hier kan ik een hoop van 

leren. Bedankt voor je begeleiding, zowel inhoudelijk als persoonlijk.  

 

Dr. R. Lamberts, Beste Robert, vanaf het begin ben je betrokken geweest bij 

verschillende metingen in het onderzoek. In onze eindeloze Skype-sessies heb je 

uitgelegd hoe de LSCT werkt, hebben we stevig gediscussieerd over de inhoud 

van (onder andere) het roeiartikel en hebben we de congressen uitgebreid 

nabesproken. Bedankt voor je inhoudelijke bijdrage en de grote lol die we 

hebben gehad (en gaan hebben) op de (ECSS) congressen.  
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Dr. van der Worp, Beste Henk, met jou heb ik buitengewoon efficiënt en fijn 

samengewerkt. Het resultaat van ons artikel mag er zijn. 

 

Lieve Henrike, al voor de eerste dag van het onderzoek was jij mijn maatje. We 

woonden samen, we werk(t)en samen en we hebben vooral veel samen 

gegeten en gesport. Ondanks dat we qua persoonlijkheid een wereld uit elkaar 

liggen hebben we veel van dezelfde interesses. Ik heb genoten van onze 

jubileum sjiek-de-friemel etentjes, congressen en uitjes. Jij was mijn sparringpartner 

in het onderzoek en het was fantastisch om een maatje te hebben om lief en 

leed mee te delen. 

 

Beste Steven, jij hebt vanaf het moment dat ik het HIS binnen kwam lopen 

geholpen bij alles wat maar nodig was om de metingen van de grond te krijgen. 

Door jouw organisatietalent en connectie met de studenten, die mede dankzij 

jou meewerkten aan het onderzoek, is alles goed verlopen. 

 

Dear Scott Hamilton, although we have not met in person, you have helped me a 

lot during the preparation of our paper on submaximal rowing. You have written 

software for me and made videos in which you showed how to extract data from 

a very complicated system. I would like to thank you for your effort. 

 

Beste Maarten Nijland, via Robert ben ik met jou in contact gekomen om de 

Computrainer te gebruiken voor de metingen op de fiets. Jij was zo vriendelijk om 

ons een Computrainer in bruikleen te geven en daar ben ik je dankbaar voor. Dit 

heeft het project snel op gang geholpen. 

 

Beste Talko, jij hebt in het begin van het project de lijnen uitgezet voor het ICT 

gedeelte. Ik vertelde hoe ik het hebben wilde en jij zei vervolgens dat dat niet 

kon ;). Zo hebben we behoorlijk wat uurtjes om de onmogelijkheden heen 

gewerkt om toch een werkend geheel te krijgen. Bedankt daarvoor.  

 

Beste Wouter, op een of andere manier wist jij dat er iets loos was voordat ik het 

zelf kon bedenken. Goede gesprekken en vooral ook hele foute gesprekken 

(onder het genot van een biertje) hebben me verder geholpen. Dankje! 
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In de word-cloud zijn de studenten te vinden die tijdens de metingen van de 

duursporters intensief met mij hebben gewerkt. Voor jullie alle lof omdat jullie 

lange tijd te pas en te onpas, met frisse (tegen)zin en vaak vol enthousiasme 

binnen en buiten het lab hebben gewerkt om alle metingen gedaan te krijgen. 

Zonder jullie was het allemaal onmogelijk. Jullie hebben mij geholpen en ik heb 

met veel plezier met jullie samengewerkt. Ook buiten al het werk om, in de kroeg, 

in Keulen of in Bochum heb ik de grootste lol met jullie gehad. Bedankt! Natuurlijk 

zijn er nog veel meer studenten betrokken geweest in de labs die nu niet specifiek 

bij naam zijn genoemd. Natuurlijk ook alle dank voor jullie bijdrage. 

 

 

 

Tryntsje, bedankt voor je lange adem, voor je rust in het lab en voor de goede 

organisatie van de metingen. Ik heb met veel plezier met je samengewerkt. 

Sieger, jij hebt met je droge humor en toch vol enthousiasme samen met mij 

uitgezocht hoe de fietstest werkt en vervolgens een fantastisch systeem in Excel 

gemaakt voor de verwerking. Pas je wel op voor overstekend wild? ;)  

Rutger, ook zo’n held met Excel. Het systeem van Sieger heb jij verder aangepast 

en uitgebreid. Daar heeft het lab tot op heden nog baat bij. Doordat jij altijd alles 

zo goed op een rijtje had heb je mij enorm geholpen in mijn werk voor dit 

proefschrift. 
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Alle sporters en coaches die deel hebben genomen in dit onderzoek had ik 

graag bij naam genoemd omdat ik jullie ontzettend dankbaar ben voor alle 

moeite die jullie hebben gedaan. Maar ja, ik kan jullie namen niet noemen 

omdat we het hier over onderzoek hebben waarbij de privacy van jullie 

gegevens belangrijker is dan: Bedankt! Dus bij deze: sporters, bedankt voor jullie 

inzet, voor alle tests, dagboeken en vragenlijsten. Zonder jullie, geen onderzoek. 

Coaches, bedankt voor de mogelijkheid om met jullie te sparren over de 

metingen. Hier heb ik veel van geleerd.   

 

Collega’s van sportgeneeskunde, jullie hebben de maximaaltesten voor dit 

onderzoek op soms onmogelijke tijden mogelijk gemaakt. Bedankt! 

 

Collega’s en oud-collega’s van het HIS, met in het bijzonder: Anne, Adrie, Rick, 

Joan en Joram. Jullie hebben mijn promotietijd een beetje lichter gemaakt. 

Bedankt voor de goede gesprekken en de gezellige tijd. Fijn om met jullie samen 

te werken! Daarnaast wil ik graag Kris bedanken voor het vertrouwen dat je mij 

hebt gegeven door me een plekje te gunnen bij SGM.  

 

Collega’s van ProCare, jullie goede service en snelle afhandeling heeft mij 

regelmatig uit de brand geholpen tijdens de metingen. Bedankt! 

 

BW AIO’s, met in het bijzonder Esar, Sigrid en Inge. Van de Pint naar de Toeter, 

Uurwerker, Twister, Het Feest, de Koestal, het hutje op de berg, de Dampfkessel en 

via de piste weer naar huis (of toch maar weer naar de Toeter). Jullie zijn 

fantastisch! Zonder jullie in de koffiekamer was er geen promotie geweest, want 

dan had ik mijn computer waarschijnlijk al lang uit het raam gemikt ;). Frustraties 

delen met mensen die het helemaal begrijpen is heel fijn. 

 

Lieve paranimfen, Henrike, Inge en Ingrid (als surrogaat paranimf), lieve 

vriendinnen. Het feit dat jullie paranimf willen zijn zegt al genoeg. Jullie zijn toppers 

en als ik jullie voor alles zou bedanken zijn we nog een pagina verder. Henrike, 

bedankt dat je me mee hebt genomen in jouw wondere wereld. Je hebt me een 

berg nieuwe inzichten gegeven. Inge, jouw strategisch inzicht is fantastisch en 

daar leer ik veel van. Behalve dat heb ik natuurlijk altijd een toptijd met je gehad 
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op feesten en congressen (of congresfeesten). Ingrid, jouw frisse en vrolijke 

persoonlijkheid maakt het werk luchtiger. Superfijn dat je bij ons op de kamer 

bent gekomen en dat we het zo goed met elkaar kunnen vinden. 

 

Lieve Tineke, Paul en Yara, bedankt voor het beschikbaar stellen van jullie 

fantastische huis. Ik heb er heel hard kunnen werken aan dit proefschrift en ook 

heel hard kunnen genieten. 

 

Lieve vrienden. Edith, zonder jou geen Ruby. Wendy, wat hebben wij genoten 

samen. Mark en Sophie, altijd behulpzaam en kritisch. Jullie helpen mij aan werk. 

Henrike (Henkie), bedankt voor mijn Groningse ontgroening. Marijke, fijn om zo’n 

lieve schoonzus te hebben. 

 

Lieve papa en mama, jullie laten mij los om te doen en laten wat ik wil. Daardoor 

ben ik wie ik nu ben. Papa, jouw opmerkingen over lappen tekst die ik heb 

aangeleverd zijn altijd nuttig (niet altijd leuk ;)) en laten mij op een andere manier 

naar mijn werk kijken. Mama, jij geeft mij de vrijheid om aan te kloppen wanneer 

dat nodig is. Ik waardeer jullie hulp enorm! 

 

Lieve Koos, jij maakt alles lichter, luchtiger en bovenal leuker. Data invoeren in de 

zomervakantie, het eten klaarzetten als ik laat thuis kom of samen een stukje 

lopen om uit te waaien. Je weet mijn chaotische ik in ere te houden, maar toch 

ook het beste eruit te halen. Fijn dat ik per ongeluk tegen je aan ben gelopen en 

nog beter dat je wilt blijven. Samen in ons fantastische huis kunnen we de hele 

wereld aan (of alleen Groningen, daar neem ik ook wel genoegen mee ;)). Dank 

laiverd! Ik hou van jou! 

 

 

 

 

“Vandaag serveer ik een frisse blik, een ongezouten mening,  

en een warme glimlach” (Stichting vrienden van Loesje)



 

 

 


