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Abstract

Accurate assessment of training load (TL) and training load
responses (TLR) might be useful for an optimized training
regulation and prevention of overtraining. No consensus on a
gold-standard for measuring TL or intensity in endurance
sports has been reported in the available literature so far. The
aim of the present article is i) to identify feasible parameters
to measure TL and TLR in daily training and ii) to compare
these scientific approaches with the needs of elite endurance
coaches. Therefore, the first part provides a systematic review

Zusammenfassung

Die prizise Erfassung der Belastung und Beanspruchung ei-
nes Trainings kann zu einer verbesserten Trainingssteuerung
und zur Vermeidung von Ubertraining fiihren. In der Litera-
tur wurde bisher keine einheitliche Gold-Standard-Methode
zur Messung der Trainingsbelastung oder -intensitét von Aus-
dauerathleten présentiert. Das Ziel dieser Publikation ist 1)
die Identifikation von validen, praktisch anwendbaren Para-
metern zur Messung von Belastung und Beanspruchung im
taglichen Training und ii) der Vergleich der wissenschaftli-

< of the current literature and the second part concentrates on  chen Erkenntnisse mit den Bediirfnissen von Spitzensport-
Q the results of a questionnaire that assessed the coaches’ re-  Trainern fiir ein tigliches Trainingsmonitoring mit Ausdau-
S quirements for monitoring daily endurance training. The sys-  erathleten. Dazu enthilt der erste Teil eine systematische
o tematic review revealed that the combination of both quanti-  Literaturiibersicht, wihrend der zweite Teil die Resultate ei-
tative and qualitative data seems most promising to evaluate  ner Befragung von 22 Spitzensport-Trainern mittels Fragebo-
'8' TL and TLR. Thus, validated questionnaires or rating of per-  gen aufzeigt. Die systematische Literaturiibersicht zeigte,
o ceived exertion (RPE), combined with physiological para-  dass die Kombination von quantitativen und qualitativen Da-
o meters, such as heart rate, are often used and seem to provide  ten am vielversprechendsten fiir die Erfassung von Trainings-
g the most reliable results. From the coaches’ perspective, du-  belastung und -beanspruchung ist. Daher werden oft valide
S ration and kind of training, RPE, as well as personal remarks ~ Fragebogen oder die wahrgenommene Erschopfung (RPE)
. in the athletes’ training diaries are considered to be essential ~ mit physiologischen Daten wie der Herzfrequenz kombiniert.
o information. Further, the coaches favor a feasible system that ~ Aus Sicht der Trainer sind die Dauer und Art des Trainings,
£ collects large amounts of directly measurable and perceived  RPE sowie personliche Bemerkungen im Trainingstagebuch
= data and that is able to learn from previous events in order to  der Athleten die wichtigsten Daten fiir das Trainingsmonito-
= present the most important information in a short individual ~ ring. Zusétzlich wiinschen sich die befragten Trainer ein
S overview. When comparing both parts of the present study, it  praktisch anwendbares System zur Sammlung verschiedener
5 becomes clear that the scientific research cannot yet fully  objektiv messbarer und subjektiv wahrgenommener Parame-
5 respond to the coaches’ requests, however, based on the tern, welches aufgrund der fritheren Daten lernfihig ist und
2 coaches’ propositions, scientific research might be stimulated ~ die essenziellsten Daten jeweils in einer individuellen Uber-
N to tackle this challenge in the near future. sicht prisentiert. Ein Vergleich der beiden Teile der vorlie-
o genden Studie zeigt, dass die wissenschaftlichen Erkenntnis-
hy se die Bediirfnisse der Trainer noch nicht umfassend
2 beriicksichtigen. Wenn man jedoch die Vorschldge der Trai-
° ner in die wissenschaftliche Forschung mit einbezieht, konn-
© te diese Herausforderung in nidherer Zukunft angegangen
° werden.
3 Key words: Schliisselworter:
g training load and responses, monitoring training, training in-  Belastung, Beanspruchung, Trainingsmonitoring, Trainings-
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Introduction

Monitoring training intensity and load might be a key factor
for further improvements in elite athletes’ training programs.
Generally, monitoring training means the systematic collec-
tion of data about duration, intensity, and content of training
sessions. Both coaches and athletes may benefit from moni-
toring daily training load (TL) for at least two important rea-
sons: first, training regulation can be improved to accomplish
more efficient and individual training sessions and second,
overtraining may be prevented [19]. With reference to moni-
toring training, the present study distinguishes between the
terms TL and training load response (TLR). Training load
explains the forces acting on the body [3], TLR summarizes
the body’s internal responses to this external stimulus [50].
These TLRs can be further divided into measurable data and
perceived responses.

Although several monitoring studies and reviews have
been published, there is no consensus on a gold-standard me-
thod for assessing TL and TLR and, more importantly, the
interrelation of TL and TLR [7, 33]. The reason for this is that
the correlation between training and the corresponding phy-
sical responses is highly individual. Interestingly, few studies
have been conducted that focus on monitoring daily training
with elite endurance athletes. However, endurance athletes
often train alone, without their coaches present. Therefore, it
could be of great importance for endurance athletes to syste-
matically collect individual data for an optimized training
regulation.

The publication at hand is divided into two parts. The first
part concentrates on a systematic literature review on moni-
toring daily TL and TLR of endurance athletes. In the second
part, elite coaches who train top athletes discussed the most
important requirements of coaches when monitoring TL and
TLR. The results from the focus group discussions were com-
pared with the systematic literature review to see how the
scientific results match up with the coaches’ requirements for
monitoring daily training.

Methods

Part 1: Review

The protocol for the systematic search was defined before-
hand and not altered afterwards. The PubMed database was
searched up to July 18, 2013 using the following keywords:
(quantification, quantify, measuring, measurement, monitor-
ing, GPS, accelerometer, diary, heart rate, sleep OR EPOC)
AND (exercise, training intensity, training load, athletic per-
formance, endurance athlete, rate of perceived exertion, ses-
sion RPE, sport, subjective OR objective) NOT (disease, can-
cer, patient, animal, rat, primate, pig, cow, paraplegia, child,
children, drug, plant, cells, pregnant OR pregnancy). All pub-
lications were screened by their title and abstract. Those pub-
lications not relevant to this review were discarded after this
step. The full texts of the remaining publications were read
and analyzed in detail, focusing on study population, setting,
and outcomes of monitoring physiological and psychological
markers for TL and TLR during and after daily training.
Moreover, the reference lists of the pertinent publications
were manually scanned to check for other publications that
met the inclusion criteria.

Inclusion and exclusion criteria

Only studies focusing on endurance activities and training
interventions were included in this review. Studies concern-
ing resistance training, team sports, performance tests, or
recovery and sleep quality were not considered for analysis.
Publications without sufficient information about the meth-
ods used were also excluded.

Part 2: Focus Group Discussions

Two focus group sessions with Swiss elite coaches were con-
ducted in Fall 2012. The topic was monitoring training in
endurance sports. The coaches discussed current and previ-
ous approaches for monitoring daily training of their athletes
and what methods they would like to use in the future. The
focus group discussions were conducted in small groups with
up to eight participants. The groups had a nondirective group
leader who asked the input questions but did not judge or lead
the discussion in a certain direction [40]. The discussions
were then transliterated into a text protocol. The statements
were allotted to predefined categories, and analyzed with the
MAXQDA 10 software (VERBI GmbH, Berlin, Germany),
as described previously [32]. The most important findings
were summarized in a questionnaire, which was sent to the
participants and further coaches. The completed question-
naires were re-sent to the investigator and analyzed quantita-
tively.

Participants

Eleven previous or current coaches of elite athletes in the
sports disciplines of cycling, triathlon, orienteering, track and
field, and alpine skiing participated in the two focus group
sessions. The focus group participants gave written informed
consent. Finally, 22 participants answered the questionnaire,
which was based on the most important findings from the
focus groups.

Results

Part 1: Review

The PubMed search generated 8532 publications. All the pub-
lications were screened by title, and the full abstracts of 151
articles were read. The full texts of 25 publications were eval-
uated for this paper. By manually scanning the reference lists
of the abovementioned publications, another 25 studies that
met the inclusion criteria were found.

The available literature cited several parameters to assess
TL and TLR: duration of training, distance covered on foot
or bike, speed, intensity, or kind of activities in the past were
reported for TL. Training load response was assessed by
measuring heart rate (HR), heart rate variability (HRV),
blood lactate concentration (BLC), blood and saliva hormo-
nes, oxygen consumption (VO,), or by perceived measures
such as rating of perceived exertion (RPE) or self-reported
questionnaires (Table ). The relationships among variables
assessing TL and TLR were further used to predict perfor-
mance outcomes.
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Table 1: Parameters for Monitoring Daily Training in the Literature

Parameter Number Sports Feasibility | Validity | References
of Studies
Duration and Kind | 16 Triathlon, Running, Cycling, Track + + [9, 12, 14, 16, 17, 22, 23, 25, 28,
of Activity and Field, Swimming, Rowing 38, 46,47, 48, 52, 54, 57]
Heart Rate 23 Triathlon, Running, Cycling, 0/+ + [2,4,8,9, 10, 15, 16, 17, 23, 25,
Swimming 26, 27, 36, 39, 41, 46, 47, 48, 49,
53, 54, 55, 57]
Heart Rate 8 Triathlon, Running, Rowing 0/+ 0 [9, 11, 22,24, 44, 45, 46, 55]
Variability
Blood Lactate 9 Triathlon, Cycling, Swimming, - + 2,8, 17,36, 39,42, 52, 53, 54]
Concentration Rowing
Hormones in 11 Triathlon, Running, Cycling, - + (4,14, 16, 17, 23, 27, 36, 52, 53,
Blood and Saliva Swimming, Rowing 0/+ 0 54, 55]
Oxygen 6 Triathlon, Cycling - + [2, 10, 14, 23, 39, 54]
Consumption
Rating of Per- 16 Triathlon, Running, Cycling, + + 4,8, 10, 14, 19, 20, 25, 26, 27,
ceived Exertion Swimming 36, 38, 48, 49, 55, 56, 57]
Questionnaires 11 Triathlon, Running, Cycling, Track 0 + 4,12, 14, 16, 17, 27, 28, 36, 38,
and Field, Swimming, Rowing 44, 52]

Note. Feasibility for daily use and validity are summarized from the conclusions of the included studies. + = recommended; 0 = neither
recommended nor inadvisable; — = inadvisable; B = blood, S = saliva.

Part 2: Focus Group Discussions
Monitoring of training load in daily practice

The coaches who participated in the focus group discussions
agreed on the requirement of measured and self-reported data
from the athletes on a daily basis in order to adapt training
plans to the athletes’ actual conditions. The most important
information seems to be the personal comments of athletes
regarding their training or health status in the training diary,
such as “My knees hurt”. This type of information comprises
essential data for 95% of the 22 elite performance coaches
answering the follow-up questionnaire. The RPE (90%), as
well as duration and kind of training (81%), are also regarded
as important to regulate training. Almost two-thirds (63%) of

the coaches stated that they demanded reports about the du-
ration and RPE of each training session from the athletes to
calculate session RPE. Interestingly, only 22% of the coach-
es think that a fatigue index is relevant for their daily work
(Fig. 1). A reason might be the coaches’ lack of confidence in
one of the existing indexes to quantify fatigue, e.g. HRV [30,
31], or the missing practicability and knowledge of analysis
and interpretation. An often-mentioned problem was the low
return rate of training data by many athletes. According to
86% of the coaches, athletes have to be convinced of the ben-
efits of monitoring training, or they will not properly report
their training data. Furthermore, coaches reported that the
coaches themselves should better acknowledge the informa-
tion sent by the athletes and give them prompt feedback.

Fatigue index

Social and emotional load

Training load / Training load response (measured)
Motivation and sleep

Comparison of planning and execution

Training load response (perceived)

Duration and kind of training

Personal comments in the training diary

I Very important

B Important

B Neither important
nor unimportant

e Unimportant
Very unimportant

40 60 80 100
[%]

Figure 1. Coaches’ opinions about the importance of monitoring daily training parameters for training regulation.
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Coaches’ visions of monitoring daily training in the future

Coaches would like a feasible system that collects a large
amount of different data, with the adapting intelligence to
present only the most important information in a short indi-
vidual overview. The majority of the interviewed coaches
(95%) believed that feasibility is most important when creat-
ing a new monitoring system. Therefore, 91% of the coaches
would like to use data transition from athlete to coach by a
smartphone application. For 86% of the coaches, an automat-
ed summary of all monitoring data into a simple index, with
the possibility to review all original data, would be desirable.
In the focus group discussions, the coaches mentioned a
colored warning system to visualize positive or negative
training patterns. However, all the coaches agreed that no
system can replace their judgment and personal interaction
with each athlete. Further, even with a functioning learning
system, coaches still need to have the knowledge on how to
appropriately adapt training content after a warning sign.

Discussion

Training Load
Kind of activity, duration, distance, speed, and intensity

The kind of activity was named and assessed in almost every
study included in the present review (Table 1). Training du-
ration per day has been used in several studies to calculate
training impulse (TRIMP) or training intensity, either in
combination with HR or RPE data [23, 38, 55]. Banister pro-
posed the TRIMP formula: training impulse = duration X
AHR ratio X ebx4HRratio Training duration is measured in
minutes and b is equal to 1.67 or 1.92 for women and men,
respectively [1]. Edwards [18] proposed the summated HR
zone score to measure TL. Five HR intensity zones were de-
fined, starting with factor 1 corresponding to 50—60%HR mnax
and ending with factor 5 corresponding to 90-100%HR nax.
The duration in minutes in each HR intensity zone was mul-
tiplied with its specific factor (1-5) and then summed in order
to obtain the summated HR zone score [18]. Lucia [37] pro-
posed the same approach, but with only three intensity zones.
Further, Foster et al. [20] proposed the session RPE, where
the duration of the training is multiplied with the correspond-
ing RPE value on a scale from 0-10. This is a simple method
to compute perceived TLR. In conclusion, kind of activity,
duration, distance, and speed are simple and valid measures
in endurance sports [21, 29].

Training Load Response — Directly Measured Variables
Heart rate

The HR can easily be assessed, therefore many athletes and
scientists monitor this parameter (Table 1). However, the ben-
efit of using HR to determine TLR is still up for debate, and
studies reveal divergent results. For instance, Sperlich et al.
[53] concluded that HR monitoring during MTB racing is a
valuable tool for coaches and athletes to describe exercise
intensity, whereas Burr et al. [10] deemed that HR and RPE
measurements alone are not sufficient to assess the physical
demands in that sport. In another study by Le Meur et al. [36],
HR data were shown to be a valid indicator of an overtraining
state. However, another study with triathletes was not suc-
cessful in identifying a useful diagnostic pattern in HR and

BLC markers when comparing an overtraining with a normal
training group [13]. Although results of the abovementioned
studies are not consistent, they nevertheless show that HR is
often used in combination with other parameters and that this
may improve the added value. In many studies, HR is there-
fore used in combination with duration of training to quanti-
fy TLR and is often expressed as TRIMPHg, so that a single
number represents total TLR [48].

Finally, HR seems to be an important parameter to assess
individual TLRs in endurance sports. However, HR values
have to be interpreted with caution, because even under con-
trolled conditions, when no change of training status can be
observed, HR variation is 6—7 beats per minute [34, 35]. Fur-
thermore, several factors, such as temperature, dehydration,
medication, diurnal changes, or participation in competition,
can influence HR [34]. However, the validity of this measure
can be increased when taking into account additional para-
meters such as RPE or BLC.

Heart rate variability

In a study with middle-distance runners HRV was reported
to be a potentially good indicator of cumulated TL and a
useful measure for regulation of training content [43]. Large
correlations were observed (r=-0.62 and r=0.73) when com-
paring relative changes in 10-km performance time with
1-week averaged resting HR and HRV [46]. The same authors
concluded that longitudinal HRV data averaged over a 1-week
period might be a more susceptible variable for identifying
changes in fatigue, recognition of overreaching states, and
fitness than single-day values. Resting HR might be the bet-
ter measure when assessing single-day values only [44, 46].
These authors also pointed out that to comprehend individu-
al HRV, long-term monitoring of each athlete is necessary.

The measurement of HRV is reliable and applicable in eve-
ryday monitoring of training. The HRV measures might con-
stitute an added value for coaches’ training regulation when
averaged over several days and monitored for a longer period
of time. It has to be kept in mind that HRV measures are
highly individual, even more so than regular HR recordings,
and it is therefore not possible to apply a general HRV con-
cept to every athlete [11, 35, 46, 45].

Blood lactate concentration

Several studies measured BLC during and after exercise [2,
16, 52]. Le Meur et al. [36] considered ABLC to be the most
precise parameter in differentiating between normal and
overtraining states. However, BLC reacts differently during
a continuous aquatic cycling protocol compared to an inter-
mittent protocol [8]. The advantages of ABLC and AHR are
their objectivity and the little cost to measure them [36].
Nonetheless, BLC measures are usually invasive and there-
fore more difficult to apply than the assessment of HR [39,
53]. To counteract this problem in the future, measuring the
lactate concentration on the skin surface was suggested [42].
A study indicated that this might be feasible, as it was shown
that the skin surface lactate concentration on the working
muscle increased significantly after five minutes of exercise,
whereas concentration did not change significantly on non-
working muscles [42].
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Hormones and proteins in blood and saliva

High levels of creatine kinase (CK) were reported in a study
assessing the demands of a multistage mountain running race
[23]. This marker is a symptom of muscle damage and strain.
However, no systematic interrelations between inflammatory
blood and urea markers and overreaching or overloading
were observed in rowers and triathletes [14, 52]. Bloomer and
Farney [4] studied changes in plasma volume during different
exercise types (from aerobic cycle exercise to interval sprints).
Plasma volume decreased significantly for all exercise bouts,
but greatest reduction was observed after the sprint exercises
(~19%). Thirty minutes after exercise cessation, plasma vol-
ume values almost returned to baseline [4]. However, the con-
sequences of these changes and implications for performance,
regeneration, and risk of overtraining are still unknown.

Due to the easier collection and analysis of salivary prote-
ins, as compared to blood parameters, this marker is more
feasible in assessing athletes’ training activities [16, 17].
Nonetheless, it remains unclear how well salivary proteins
can be used to measure TLR. In the abovementioned study
by Smith et al. [52], cortisol and testosterone levels were as-
sessed from saliva samples. Contrary to the results with the
blood CK, no significant results for cortisol or testosterone
concentrations were observed. However, very recently pub-
lished studies are more promising [16, 17, 27]. Gomez et al.
[16] analyzed plasma and salivary proteins in relation to TL
in elite swimmers. During a 21-week training period, the
plasma catecholamines and salivary proteins showed a signi-
ficant inverse relationship with intensity and TL (all p<0.01).
In particular, adrenaline correlated strongly with TL. Saliva-
ry alpha-amylase and total protein strongly correlated with
adrenaline (r=0.83 and r=0.59, respectively) [16]. Similarly,
Hough et al. [27] reported decreased testosterone and cortisol
levels after a group of cyclists underwent an 11-day intensi-
fied training period. Collection and analysis of salivary mar-
kers is easy, affordable, and has obvious advantages compa-
red to blood markers. However, further research to advance
this non-invasive method is needed.

Training Load Response — Perceived,
Self-Reported Variables

Rating of perceived exertion

Almost all studies analyzed utilized some sort of self-report-
ed RPE scale. The scales used most often were the Borg 6-20,
Borg CR10, and the Foster scale [6, 20]. Previous studies
reported a strong correlation between RPE and physiological
TLRs, such as VO2max, HRmax, HR reserve, or BLC [5, 20,
25, 49, 51]. The RPE can be used to compare differences
among training protocols or sports disciplines [8, 26, 27, 38,
56] and may prevent overtraining when monitored continu-
ously [19]. Session RPE, equal to the TRIMPgpE, is normal-
ly reported about 30 minutes after cessation of exercise [20].
Rodriguez-Marroyo et al. [48] observed cyclists during a
21-stage cycling tour, comparing TRIMPur with TRIMPgrpE.
TRIMPur and TRIMPrpg correlated between 0.62—0.89. In
line with other authors, their suggestion was to prefer TRIM-
Prpe to TRIMPyr [48, 57].

Questionnaires

Self-reported questionnaires are a common tool for monitor-
ing training. They are applied to assess perceived sensations

during training, as well as physical and physiological well-
being before and after training [13]. Diaz et al. [16] used the
Profile of Mood States questionnaire (POMS) to assess how
athletes were feeling during the training period. The POMS
assesses tension, depression, anger, confusion, vigor, and fa-
tigue [16]. Some studies used a training diary to recollect TL,
injuries and illness incidences [12, 28]. This method was suc-
cessful in documenting acute, overuse injuries and illnesses
with a Cronbach’s o of 0.96 [12]. Hough et al. [27] concluded
that assessing training stress with different methods of ques-
tionnaires and hormonal markers might be useful in the pre-
vention of overtraining states [27]. Coutts et al. [14] reported
similar results about the RESTQ-76 sport questionnaire being
a useful tool to monitor stress-recovery balance in athletes.
Le Meur et al. [36] successfully combined a questionnaire on
athletes’ pain, tiredness, and well-being with physiological
measurements to detect overreaching among endurance ath-
letes. It seems the use of a validated questionnaire and diary,
combined with physiological measures, is an applicable meth-
od to assess TL and TLR.

Prediction of Endurance Performance

Some of the analyzed studies showed that combining TL with
TLR variables can be used to predict athletes’ performance
or fitness levels. Many authors support the use of HR as a
value for TLR in relation to TL to monitor changes in training
status [8, 15, 27, 35, 41, 55].

Coaches’ Visions are Ahead of Scientific Research

Based on the coaches’ statements, directly measured physio-
logical parameters and self-reported information is necessary
to adequately and individually regulate training. At the same
time, coaches want a system that reduces the total amount of
information to the most relevant facts and that is able to learn
from previous events. The current review highlights that
these requests cannot be met by scientific approaches at the
moment. However, some of the discussed parameters in this
paper do have the potential to be assessed regularly and may
serve as inputs in a learning system. The most feasible pa-
rameters today are HR, HRV, and RPE, often used in combi-
nation with the duration of the training session. Furthermore,
the non-invasive assessment of hormone and protein concen-
tration from saliva samples may allow the integration and
evaluation of these parameters in daily training, when the
necessary equipment is available.

Study Limitations

Although a systematic approach was employed, relevant pub-
lications might have been missed. Despite assessing the same
parameter, the measurement methods varied often; thus,
comparability was limited. Moreover, one should bear in
mind that different requirements exist for elite versus regu-
larly trained athletes. It might be that results from one group
cannot be generalized to the other group.

Conclusion
Monitoring daily training load might be beneficial for an op-

timized athlete development, due to better training regulation
and the possibility of detecting overtraining or injuries early
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on. Only a few studies exist on the systematic collection of
data about duration, intensity, and content of daily endurance
training sessions. More publications focus on the pre- and
post-effects of a prolonged overload intervention. Perfor-
mance tests and medical check-ups are relevant and should
be conducted regularly to track changes in performance. Un-
fortunately, the methods to assess performance are not con-
venient for daily training, since they tend to be invasive, ex-
hausting, expensive, and time-consuming. Several
physiological and psychological markers or questionnaires
have been suggested as feasible for the assessment of TL and
TLR. However, at present, no generally applicable method for
directly measuring TL and TLR has been reported for endur-
ance disciplines. The most frequently used methods seem to
be the calculation of a HR- or RPE-based TRIMP and the use
of questionnaires. Despite the obvious benefits of the
TRIMPs, further research is needed in the setting of daily
training, given that the current findings of scientific research
cannot live up to coaches’ requirements. The assessment of
feasible markers for TL and TLR, and their implementation
in a learning system database that collects and analyzes large
amounts of data to identify the most essential information for
coach and athlete, might still take time. Coaches and sports
scientists should initiate a more intense dialogue about the
development and interpretation of a TL and TLR classifica-
tion system without compromising on feasibility, validity,
objectivity, and reliability.
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