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Abstract
A training plan, or an exercise prescription, is the point where we translate sport and exercise science into practice. As in 
medicine, good practice requires writing a training plan or prescribing an exercise programme based on the best current 
scientific evidence. A key issue, however, is that a training plan or exercise prescription is typically a mix of many interact-
ing interventions (e.g. exercises and nutritional recommendations) that additionally change over time due to periodisation 
or tapering. Thus, it is virtually impossible to base a complex long-term training plan fully on scientific evidence. We, 
therefore, speak of evidence-informed training plans and exercise prescriptions to highlight that only some of the underly-
ing decisions are made using an evidence-based decision approach. Another challenge is that the adaptation to a given, e.g. 
endurance or resistance training programme is often highly variable. Until biomarkers for trainability are identified, we 
must therefore continue to test athletes, clients, or patients, and monitor training variables via a training log to determine 
whether an individual sufficiently responds to a training intervention or else re-plan. Based on these ideas, we propose a 
subjective, pragmatic six-step approach that details how to write a training plan or exercise prescription that is partially based 
on scientific evidence. Finally, we advocate an athlete, client and patient-centered approach whereby an individual’s needs 
and abilities are the main consideration behind all decision-making. This implies that sometimes the most effective form of 
training is eschewed if the athlete, client or patient has other wishes.
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1 � Introduction to Evidence‑Based Practice

Physicians, physiotherapists, lifestyle and sports coaches, as 
well as fitness trainers all have one thing in common: they 
prescribe interventions to change the human body. The aims 
of physicians are to prevent, treat or ideally cure diseases by 
prescribing medical treatments. In contrast, sports coaches 
and fitness trainers aim to improve athletic performance, 
fitness and/or health by writing training plans or prescribing 
exercise often combined with nutritional recommendations. 
In doing so, physicians and sport practitioners can choose 
from a myriad of possible interventions including resistance 

or endurance exercise training, a Mediterranean, vegan or 
protein-rich diet or, in the case of medicine, drugs or sur-
gery. But how can one select those interventions that most 
likely to achieve the desired treatment effects or adaptations 
in an individual?

For many years, practitioners simply followed their opin-
ion or the opinion of experts published in books or on the 
internet plus perhaps information from some random sci-
entific papers. For example, “experts” have recommended 
that endurance can be best improved by training at the lac-
tate threshold or that sets with 8–12 repetition maximum 
are “optimal” for muscle hypertrophy, despite a paucity of 
research supporting these beliefs. In medicine, however, the 
advent of evidence-based medicine has changed medical 
decision-making [1] and this approach is also now used by 
other disciplines as “evidence-based practice”.

The aim of this current opinion article is to introduce 
evidence-based and personalized practice to sport and exer-
cise practitioners. Specifically, we will

1.	 Discuss the history of evidence-based medicine and 
practice;
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Key Points 

A training plan is a complex mix of many interventions 
that often change over time due to periodization. In 
contrast to a “drug or no drug” decision in medicine, it 
is virtually impossible to base all of the underlying deci-
sions on scientific evidence.

An alternative to a fully evidence-based approach is an 
evidence-informed approach where only some training 
plan decisions are based on the currently best available 
evidence.

Many training adaptations vary greatly. Until robust 
trainability biomarkers are identified, practitioners 
should continue to test athletes, clients, or patients and 
monitor training variables to re-plan if a training pre-
scription does not yield the desired adaptations.

to be interpreted critically. Over time, scientists learned to 
design more robust intervention experiments as research-
ers improved scientific methods and reduced bias, and other 
sources of error.

Since Ben Cao Tu Jing’s historical experiment, research-
ers have used many study types to investigate the effect of 
a given medical treatment or exercise on an outcome. The 
most important difference is the use of observational studies, 
where the investigator just observes the effect of a treatment 
but does not control the treatment, versus experimental stud-
ies where the experimenter administers the treatment or the 
intervention. A key step forward was the advent of rand-
omized control trials (RCTs) with additional control meas-
ures such as blinding and placebos as advocated by Archie 
Cochrane, who deemed these designs a superior alternative 
to observational studies and anecdotal opinions [5].

So how has the refinement of studies that test the effec-
tiveness of an intervention led to “evidence-based practice”? 
The actual term “evidence-based medicine”, or more broadly 
“evidence-based practice”, was first used in the 1990s by 
researchers at McMaster University and has been especially 
linked to David Sackett who, from 1994 to 1999, led the 
Centre for evidence-based Medicine at the University of 
Oxford. In a review titled “Evidence based medicine: what it 
is and what it isn’t,” Sackett and colleagues define evidence-
based medicine as …

“the conscientious, explicit, and judicious use of the 
current best evidence in making decisions about the 
care of individual patients” [1].

By that definition, David Sackett and colleagues instruct 
evidence-based practitioners to do two things: First, gather 
all of the currently available scientific evidence of sufficient 
quality and second, interpret and apply that evidence. Impor-
tantly, the terms, “conscientious, explicit, and judicious use” 
mean that we do not necessarily need to do exactly what 
the evidence says; rather, we have the option to make alter-
native, subjective decisions if we feel that there is a good 
reason to do so.

Several issues must be considered when judging the avail-
able evidence. First, not all scientific data is of equal quality. 
Single pieces of evidence include subjective “expert” opin-
ion, case reports and series, non-randomised control trials, 
and randomised control trials. On the path towards becoming 
an evidence-based practitioner, we must, therefore, develop 
the skill of critically interpreting scientific evidence. To aid 
this, e.g. Greenhalgh has published book “How to read a 
paper” [6].

A second issue is that it is impractical and not time-effec-
tive to systematically search for and read all the current best 
evidence for an intervention decision as there may be doz-
ens of observational or experimental studies in relation to 
a single intervention such as the use of aspirin for treating 

2.	 Provide a subjective, “how-to”, six-step guideline on 
how to develop an evidence-informed training plan or 
exercise prescription;

3.	 Recommend strategies to account for inter-individual 
variation, especially in trainability.

2 � History of Evidence‑Based Practice

Historically, physicians selected treatments based on opin-
ion, religious belief or ill-defined experience. This included 
the use of bloodletting for various ailments [2] and mercury 
for syphilis [3], which are not only ineffective treatments, 
but detrimental. Over time, medical researchers started to 
carry out intervention studies, which are studies that aim 
to compare the effectiveness of an intervention either to no 
treatment or to the current best treatment. Perhaps the ear-
liest intervention study in sport and exercise science was 
reported by Ben Cao Tu Jing in the eleventh century:

“It was said that in order to evaluate the effect of genuine 
Shangdang ginseng, two persons were asked to run together. 
One was given the ginseng while the other ran without. After 
running for approximately three to five li [≈1500 to 2500 m], 
the one without the ginseng developed severe shortness of 
breath, while the one who took the ginseng breathed evenly 
and smoothly” [4].

Whilst this intervention study provided evidence for ben-
eficial effects of ginseng, the evidence is low quality: the 
breathing measurement is subjective, the subjects probably 
differed at baseline, there was only one subject per group 
and the researcher probably had a conflict of interest as he 
seemed enthusiastic about ginseng. This highlights that 
scientific evidence is not automatically a truth but needs 
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headaches. This demand has led to systematic reviews and 
meta-analyses as two new publication types that support 
evidence-based practice as they aim to synthesize the cur-
rent best evidence for treatment decisions. These forms of 
evidence also comprise the tip of the so-called evidence 
pyramid (Fig. 1), which illustrates the hierarchy for different 
levels of evidence [7]. As displayed in the hierarchy, expert 
opinion ranks as the lowest form of evidence, randomized 
control trials rank as the highest evidence for a single trial, 
and systematic reviews and meta-analyses rank as the high-
est form of overall evidence, as these studies attempt to syn-
thesize the scientific evidence for a treatment decision or 
other topic.

Importantly, the conclusion of the evidence pyramid is 
not that less robust study types are flawed, should not be 
carried out and be ignored as evidence for training decisions. 
For example, case studies or case series are an essential 
study type to generate scientific evidence if it is impossible 
to recruit sufficient numbers of subjects or if the interven-
tions are too long for well-controlled trials. Examples are 
case studies of world-class athletes or astronauts, or when 
an athlete is studied, e.g. over a full 4 year Olympic cycle.

The quality of an evidence statement can be graded using 
different options including the detailed grading system by 
the Oxford Centre for Evidence-Based Medicine [8]. A much 
simpler grading system is the GRADE (short for Grading of 
Recommendations Assessment, Development and Evalua-
tion) system [9], which has four levels of evidence in relation 
to the effect of an intervention such as exercise training:

–	 Very low quality Any estimate of effect is very uncertain.
–	 Low quality Further research is very likely to have an 

important impact on our confidence in the estimate of 
effect and is likely to change the estimate.

–	 Moderate quality Further research is likely to have an 
important impact on our confidence in the estimate of 
effect and may change the estimate.

–	 High quality Further research is unlikely to change our 
confidence in the estimate of effect.

Grading the quality of evidence is good practice as it 
indicates the confidence that can be placed on its veracity. 
Importantly, a “very low quality” rating does not mean that, 
e.g. a given exercise training intervention does not cause an 
adaptation; it just means there is a lack of supporting sci-
entific evidence for its use or, put simply, we do not know 
whether it works. In contrast, if the evidence for a training 
intervention is rated “high quality”, then we can expect it 
likely causes the desired effect. Caveats are that sometimes 
the effects differ across populations, and that the evidence 
only refers to the average response which is problematic if 
there is a large variation in trainability (as is common in 
applied exercise interventions).

Evidence-based medicine has now become the gold 
standard in medical decision-making, i.e. in deciding how 
to treat a patient. That said, evidence-based medicine is not 
without issues, as summarized by Greenhalgh et al. [10]. 
One such problem is that conflicts of interest can lead to 
the design of biased trials, the non-reporting of negative 
results, and/or the biased reporting of data [11]. This is of 
particular concern for company-funded medical and exer-
cise intervention trials. For example, if Sports Drink A had 
a high amount of sugar, then a biased randomized control 
trial design could potentially use glycogen-depleted indi-
viduals and then test whether subjects run a faster marathon 
whilst drinking the sports drink versus water. Because of the 
importance of sufficient glycogen stores and of carbohydrate 
ingestion for marathon running [12], we would expect that 
the biased design of the experiment will yield the desired 
results; namely, fasted subjects will probably run the mara-
thon faster when consuming the sugary sports drink com-
pared to water.

A second problem is that statistical analyses often 
employed in the applied sciences are inherently flawed from 
a decision-making standpoint. A primary problem here is 
the focus on null hypothesis statistical testing (i.e. p val-
ues < 0.05 used for accept-or-reject-hypothesis conclusions), 
which has been termed “dichotomania”. The issue is that 
we should never conclude ‘no difference’ or ‘no relation-
ship’ in an intervention simply because a p value is above 
a given threshold of “statistical significance” [13]. Instead, 
p values simply indicate how probable an effect is and 
should be considered just one of several decision-making 
criterions. It can be argued that magnitude-based statistics 
such as effect sizes and confidence intervals are potentially 
more valuable for deciding whether, e.g. the adaptation to a 
training intervention is likely more than just measurement 

Fig. 1   Evidence pyramid. The higher the form of evidence, the more 
robust is the evidence in most cases. However, whilst study type is 
a key factor that determines the quality of the evidence, it is not the 
only criterion and so also randomized control trial data need to also 
be critically analysed [7]
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variability and biologically meaningful [13, 14]. Moreover, 
when interpreting research findings, one should also look at 
individual effects via graphs that present data points for each 
participant, as there may be responders and non-responders 
[15–18]. We know for example, that the adaptation to the 
same endurance [19, 20] or resistance training [21, 22] var-
ies greatly and so, e.g. a training might trigger the desired 
adaptation only in some individuals but not in others.

A third point is the research-based focus on hypotheses 
because a hypothesis is essentially a subjective statement of 
the outcome of an experiment before the actual experiment 
is conducted and so arguably, a hypothesis introduces bias. 
Despite these obvious flaws and even though few current 
papers in esteemed journals such as Nature, Science or Cell 
appear to state hypotheses, they have nonetheless turned into 
a dogma of scientific theory. David Glass has questioned the 
use of hypotheses and Popper’s falsification idea; instead 
of hypotheses, he recommends open research questions, as 
open questions are not only less biased but also more intui-
tive than hypotheses [23]. This is a controversial point.

A fourth issue is that the volume of evidence or specifi-
cally the number of publications is large for many treatment 
decisions [10]. For example, a Pubmed search for “exer-
cise” and “training” revealed 461,115 publications as of 
May 2021, which are beyond the reading capacity of a sole 
individual. However, systematic searches for specific key-
words can generally reduce the number of publications to a 
manageable level. In addition, systematic reviews and meta-
analyses can help to synthesize the results of many studies 
related to specific interventions. There are caveats, however, 
as meta-analyses may pool data from studies of variable 
study quality. Consequently, conclusions from such analy-
ses are only as good as the quality of the included individual 
studies. Thus, evidence-based practitioners should avoid 
treating systematic reviews and meta-analyses as scientific 
truths. Rather, it is essential to critically assess whether they 
have been well-conducted and whether the population, inter-
vention, controls and outcomes are similar as in the planned 
intervention about which we wish to learn.

3 � Evidence‑Based Practice 
and Personalization

When judging evidence, practitioners often focus on the 
mean effect of an intervention even though there might be 
adverse responders, non-responders, average responders and 
extreme responders to that intervention. Current medicine 
has recognized this problem and now aims to develop strate-
gies. This type of medicine has been termed personalized, 
individualized or precision medicine [24]. Highly variable 
responses to treatment are, however, not limited to medi-
cine. Similarly the changes in V ̇O2max [19], risk factors 

after endurance training [20], and strength and muscle mass 
after resistance training [21, 22] all vary widely from per-
son to person and some individuals appear to worsen their 
V ̇O2max, strength and risk factors after exercise training.

A key aim in decision-making is to avoid putting individ-
uals on a lengthy, costly or painful treatment or on an, e.g. 
6-month exercise intervention only to find out that the inter-
vention was ineffective or has caused harm. Accordingly, 
personalized medicine or practice seeks to measure biomark-
ers such as DNA sequence variants or circulating molecules 
that inform as to whether an individual will likely respond 
to a treatment or not. However, despite intense efforts to 
identify measurable exercise-related biomarkers for, e.g. 
the response of the V ̇O2max to endurance training [25, 26], 
no robust set of measurable biomarkers has emerged that 
can reliably be used to decide e.g. whether or not a client 
will respond to endurance training with a sufficiently large 
increase of the V ̇O2max. Thus, the pragmatic approach to 
variation of trainability is to measure the key variables that 
a training programme should improve repeatedly, and deter-
mine whether an individual responds sufficiently to exercise 
training as is common practice. If an athlete, client or patient 
does not respond then practitioners should look for a plan B 
which could be to simply increase the dose of exercise [27]. 
Research on the topic is ongoing. For example, one aim of 
the current MoTrPac project that is funded with $170 million 
in the USA is to identify biomarkers for the magnitude of 
adaptation to endurance or resistance exercise [28]. These 
efforts will hopefully provide practitioners with tools to help 
personalize training prescription in the future.

4 � Three Examples of Evidence‑Based 
Controversies in Sport and Exercise 
Science

To further make a case for evidence-based practice, we will 
now discuss sport and exercise-related recommendations 
where there are issues with scientific evidence.

5 � Stretching to Prevent Injuries

Many exercisers stretch before or after the main part of an 
exercise session, commonly as a strategy to avoid sports 
injuries. But is there any evidence for this belief? For nearly 
20 years investigators have meta-analysed data on stretch-
ing and injury risk; the combined results of these analyses 
indicate that stretching does not meaningfully reduce the 
risk of injury [29–31]. One meta-analysis even compared 
several exercise interventions to prevent sports injuries and 
concluded that all the included injury prevention strategies 
worked except for stretching [32]! Thus, in summary, there 
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is no scientific evidence for the commonly held belief that 
stretching can be used to prevent sports injuries. In fact, 
evidence indicates that stretching does not prevent injuries. 
This is, therefore, an example of a commonly held belief 
with little supporting evidence to back up its veracity.

6 � Block Periodization

Most athletes sub-divide their training year into training 
periods such as preparatory, competition and transition peri-
ods, a practice that has been termed periodization [33]. An 
alternative to the three periodization phases (preparatory, 
competitive & transition) is the so-called “block” periodi-
zation model where athletes focus on one adaptation such 
as strength or speed in one training block [34–36]. In his 
2019 review, Issurin used a semi-systematic review strategy 
to analyse the biological mechanisms of block periodiza-
tion and to compare the model to a traditional periodization 
model, primarily specific to training prescription for endur-
ance sports [34]. On the surface, phrases such as “intense 
transmutation block mesocycles “, “accumulation, trans-
formation and realization blocks” or “secretion of growth-
related genes and fibroblast growth factor-inducible 14” sug-
gest a deep understanding of molecular biology whereas the 
compilation of training studies in a table suggests a detailed 
analysis of block training studies versus controls [34]. How-
ever, when scrutinizing the claims more closely it becomes 
clear that the molecular data are random observations that 
do not necessarily support the claim that block periodization 
is superior to other types of training. Moreover, the cited 
intervention studies do not compare block periodization to 
a matched control intervention, limiting the ability to ade-
quately compare findings across models. These flaws were 
highlighted in a commentary that argued Issurin accepted 
favourable findings more readily than unfavourable findings, 
termed confirmation bias, used superficially rational chains 
of reasoning and overoptimistic statements such as “[block 
periodization] has found strong support in molecular biol-
ogy” for which there is little evidence [37]. In summary, the 
evidence presented by Issurin in his review [34] is scant evi-
dence indicating that block periodization is a superior form 
of periodisation per se. The absence of evidence for block 
periodisation, however, does not mean that block periodiza-
tion does not work, or that it may not be superior to other 
periodization models. The issues in relation to block perio-
disation are unfortunate because many well trained and suc-
cessful elite athletes appear to employ block periodization in 
their training programs. For this reason, block periodization 
should not be dismissed prematurely [38].

7 � ACSM Position Stands on Resistance 
Training

In 2002, the American College of Sports Medicine published 
a position stand on resistance training for novice, interme-
diate and advanced exercisers. The position stand makes 
specific recommendations about how many repetitions, sets 
and intensities are necessary to trigger certain adaptations 
[39]. This position stand was criticized by Carpinelli and 
colleagues, who claimed several of the studies cited in the 
paper do not support the claims and recommendations of 
the position stand [40]. The ACSM subsequently published 
an updated position stand in 2009, where it employed an 
A–D evidence category rating scale. In this position stand, 
the authors stated claims such as “Training with loads of 
60–70% of 1 RM for 8–12 repetitions for novice to inter-
mediate individuals and cycling loads of 80–100% of 1 RM 
for advanced individuals. A.” In this sentence, the “A” evi-
dence rating stands for “Randomized control trials (RCT; 
rich body of data)” [41]. This new position stand was again 
criticized by Carpinelli, who concluded that “the ACSM’s 
new Position Stand contains all the flaws that were perva-
sive in their previous Position Stand” [42]. In summary, the 
ACSM position stand was written by respected scientists and 
practitioners who, whilst having considered and cited nearly 
300 publications, may at times have misapplied the tools of 
evidence-based practice to justify their recommendations. 
Again, this does not mean that the recommendations are 
ineffective but, as with block periodization, we do not know 
whether there are better alternatives based on some of the 
evidence presented in the ACSM position stand.

In summary, these three examples show that there are 
sometimes issues with the evidence base for current train-
ing recommendations. This does not always imply that these 
training recommendations are ineffective or that future train-
ing recommendations must all be based on near-perfect evi-
dence, as such evidence does often not exist. To us, the “les-
son learned” is to honestly state the quality of the evidence 
and to avoid exaggerating evidence claims.

8 � Step‑by‑Step Workflow 
for Evidence‑Informed Training Plans 
or Exercise Prescriptions

In this section, we will now discuss how to apply evidence-
based practice to writing a training plan or exercise prescrip-
tion. When writing a training plan or prescribing exercise, 
trainers or coaches interact with athletes, clients or patients. 
In line with the concept of patient-centred care [43], we 
advocate athlete/client/patient-centred practice in most situ-
ations. This means that an individual’s performance, fitness 
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or health needs and wishes are the driving force behind all 
decisions. Trainers and coaches then agree on goals, and 
write a training plan or prescribe exercise which is then dis-
cussed with the athlete, client or patient to see whether it fits 
their needs, wishes and abilities. This is illustrated in Fig. 2.

Exercise training interventions typically include a mix 
of many different exercises (e.g. 10 exercises for different 
muscles in a resistance training plan), with variable exer-
cise intensities and durations (e.g. long slow runs and fast, 
intensive intervals in a marathon training plan). In addition, 
these interventions change over time due to periodization or 
tapering, and are combined with other interventions such as 
nutrition (e.g. a protein-rich diet or carbohydrate loading). 
Whilst it is possible to base some training plan decisions on 
the current best scientific evidence, it is virtually impossible 
in a complex, months-lasting training plan to base every 
decision on scientific evidence. Also, there will probably be 
no studies comparing the planned, complex intervention mix 
to a matched control intervention. For example, assume we 
aim to train a natural, female bodybuilder for 20 weeks, with 
20 resistance exercises, nutritional and supplement recom-
mendations, with a bulking and cutting period. Whilst we 
can easily find answers to questions such as “What are the 
general guidelines for maximizing muscle hypertrophy?” 
with scientific evidence [44, 45], we may rely mostly on 
subjective experience when choosing resistance exercises 
for each muscle. Also, it will be difficult to base the 20-week 
training intervention as a whole on scientific evidence as 
there will probably no publications comparing a 20-week 
training intervention in, e.g. 20 natural, female bodybuild-
ers that resembles our training plan to 20 natural, female 
bodybuilders that perform a training load-matched control 
intervention.

For this reason, we use the terms evidence-informed 
training plan or evidence-informed exercise prescription to 
highlight that only some of the underlying decisions were 
made with an evidence-based approach, whilst other deci-
sions are based on personal experience. So how can we write 
an evidence-informed training plan or exercise prescription? 
Fig. 3 proposes a systematic but subjective strategy to write 

an evidence-informed training plan for an athlete, client or 
patient.

Step 1 and 2 define the overall goal and break it down 
into smaller factors or goals. For example, if the overall goal 
in step 1 was a sub 3 h marathon in April 2021, then the 
sub-goals could be a VȮ2max of 60 ml/min/kg (subjectively 
estimated value based on random literature reading), a pace 
of 4 m/s at 2.5 mmol/L lactate [46] and a BMI of 22 kg/m2 
[47] at the time of the marathon. For this, earlier competition 
or test results may be analyzed to ensure that the goals are 
deemed realistic. Next, in step 3 the practitioner should plan 
a testing and monitoring strategy. For this, tests should be 
used that are specific to the desired aims and adaptations and 
the planned tests should be valid and reliable. Including such 
testing and monitoring is important because the adaptations 
of athletes, clients or patients to a training programme can 
vary greatly. Regular testing and monitoring are not only 
important in competitive sport but also for interventions 
that aim to e.g. improve risk factors in patients, as there can 
be ≈10% adverse responders, where risk factors worsen in 
response to exercise interventions [20]. If a subject does not 
sufficiently respond to an intervention, then the dose may be 
increased [27] or the training plan is altered subjectively. In 
step 4, training, nutrition and other interventions are chosen 
to improve the goals stated in step 2 and here, an evidence-
based approach is often possible. In step 5, key training 
variables (e.g. weekly running volume, number of training 
sessions, longest run and % volume above and below the 
anaerobic threshold in a marathon runner) can be planned 
over the entire training plan period and should be agreed 
with the athlete, client or patient as we typically recommend 
a subject-centred approach. Based on this systematic pro-
cess, detailed weekly training plans or individual training 
sessions are then designed in step 6.

In an evidence-informed approach, some decisions should 
be based on the best available evidence. How to do this is 
proposed in the green box in Fig. 3. Evidence-based recom-
mendations can be made for many decisions but are espe-
cially useful for the choice of exercise interventions in step 
3, as there is often much data on this. After selecting, read-
ing and summarising relevant publications, formulate an evi-
dence-based recommendation clearly and quantitatively e.g. 
as follows “Train 3 × 30 min of A once weekly over 6 weeks 
to improve B by x%” (The adaptation “B” is listed in step 
2). Second, write a paragraph where you critically describe 
the scientific evidence in support of your recommendation. 
Remember, even a single, published training plan by an elite 
athlete or an expert opinion is evidence, albeit of poor qual-
ity. Third, rate the quality of the evidence, e.g. using the 
GRADE system [9] together with 1 or 2 sentences to explain 
and justify your rating.

In the yellow box in Fig. 3, we mention four more points: 
First, a training plan or exercise prescription should not only 

Fig. 2   Interaction of a trainer or coach with an athlete, client or 
patient
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be effective but must be safe. Therefore, risk assess your 
training plan and introduce safety measures to mitigate risks. 
Second, a training plan or exercise prescription may prove 
useless if an individual disagrees with it or is poorly moti-
vated. Thus, discuss and agree with your training plan with 
your athlete, client or patient to ensure that it is not against 
their wishes. Third, even if the individual agrees, he or she 
may find it difficult to initiate or maintain the exercise behav-
iours prescribed. Thus, especially with poorly motivated 
clients or patients, aim to utilise evidence-based behaviour 
change and maintenance strategies. Fourth, ensure that you 
have a personalization strategy. Until biomarkers for train-
ability are identified, practitioners should perform exercise 
and other tests or monitor training through a training log 
(step 3) to see whether variables such as the “power at lac-
tate threshold” or “weight lifted” improve as predicted. If an 
individual does not respond with a sufficient adaptation to 

training, then the options are to increase the dose of training 
which has been shown to work for the V ̇O2max [27], or to 
try an alternative training method.

Finally, note that the six-step plan is a subjective approach 
to planning training or prescribing exercise and that there are 
no studies investigating whether this approach as an inter-
vention works better than alternative approaches.

9 � Summary and Outlook

In summary, training plans and exercise prescriptions are 
typically a complex mix of interventions where realistically 
only some of the underlying decisions can be based on the 
best, current scientific evidence whilst the remaining deci-
sions are based on unsystematic evidence or experience 

Fig. 3   Schematic detailing how an evidence-informed training plan 
could be written. This approach has six steps. Given the number of 
decisions that need to be made, it is virtually impossible and not time 
effective to base all necessary decisions on the best available, scien-
tific evidence. The green box describes a good practice suggestion for 
making evidence-based recommendations. Other points are listed in 

a yellow box which are to risk assess the training plan and to make 
it safe, to consider strategies for behaviour change especially for ath-
letes, clients or patients that are at risk of dropping out, to make the 
practice athlete/client/patient-centered and to develop a personaliza-
tion strategy e.g. by checking for responsiveness by monitoring train-
ing variables
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resulting from practice, academic courses or coaching 
qualifications.

In this current opinion article, we have suggested a prag-
matic six-step strategy detailing how an evidence-informed 
training plan or exercise prescription could be written. This 
six-step training plan strategy is a subjective proposal not 
based on direct research. It also has not been compared to 
other ways of planning training or prescribing exercise. An 
added complication is that training responses to a given 
training programme can vary greatly and hence practition-
ers need to integrate a personalization strategy to identify 
non-/poor responders early on. Until biomarkers for train-
ability are identified, the only way to identify a non-/poor 
responder is to test and to monitor key training variables 
to see whether an athlete, client or patient responds to the 
training intervention. This is, of course, current practice. 
Moreover, we advocate an athlete, client or patient-centred 
approach which means following the athlete’s, clients or 
patient’s wishes even if there are more effective interven-
tions. The trainer’s/coaches’ role is to ensure that the athlete, 
client or patient can make informed decisions.

Finally, training plans and exercise prescriptions are the 
points where sport and exercise science knowledge is trans-
lated into sport and exercise practice. In our view, methods 
of how to plan training or prescribe exercise and how to base 
some of the decisions on scientific evidence should be taught 
as part of sport and exercise science degrees in the same way 
as evidence-based, patient-centred and personalized/preci-
sion medicine is taught to medical students.

Declarations 

Conflict of interest  Both authors declare no conflict of interest.

Author contributions   Both authors developed the idea for this review, 
wrote and revised it.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. No financial support was received for the preparation of this 
manuscript.

Availability of data and material  Not applicable.

Code availability  Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Sackett DL, Rosenberg WMC, Gray JAM, Haynes RB, Richardson 
WS. Evidence based medicine: what it is and what it isn’t. BMJ. 
1996;312(7023):71–2.

	 2.	 DePalma RG, Hayes VW, Zacharski LR. Bloodletting: past and 
present. J Am Coll Surg. 2007;205(1):132–44.

	 3.	 Tampa M, Sarbu I, Matei C, Benea V, Georgescu SR. Brief history 
of syphilis. J Med Life. 2014;7(1):4–10.

	 4.	 Jing BCT. Atlas of Materia Medica. Song Dynasty (960–1279). 
11th century.

	 5.	 Cochrane AL. Effectiveness and efficiency. Random reflections 
on health services.: Nuffield provincial hospitals trust; 1972.

	 6.	 Greenhalgh T. How to Read a Paper: The Basics of Evidence-
based Medicine and Healthcare. 6 ed: Wiley Blackwell; 2019.

	 7.	 Murad MH, Asi N, Alsawas M, Alahdab F. New evidence pyra-
mid. Evidence Based Med. 2016;21(4):125–7.

	 8.	 CEBM. Oxford Centre for Evidence-based Medicine – Lev-
els of Evidence. 2009. Available from: https://​www.​cebm.​net/​
2009/​06/​oxford-​centre-​evide​nce-​based-​medic​ine-​levels-​evide​
nce-​march-​2009/.

	 9.	 Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, 
Alonso-Coello P, et al. GRADE: an emerging consensus on rat-
ing quality of evidence and strength of recommendations. BMJ. 
2008;336(7650):924–6.

	10.	 Greenhalgh T, Howick J, Maskrey N. Evidence based medi-
cine: a movement in crisis? BMJ : British Medical Journal. 
2014;348:g3725.

	11.	 Garattini L, Padula A, Mannucci PM. Conflicts of interest in med-
icine: a never-ending story. Internal and Emergency Medicine. 
2020 2020/03/02.

	12.	 Jeukendrup A. A step towards personalized sports nutrition: car-
bohydrate intake during exercise. Sports Med (Auckland, N Z ). 
2014;44(Suppl 1):S25-33.

	13.	 Amrhein V, Greenland S, McShane B. Scientists rise up against 
statistical significance. Nature. 2019;567(7748):305–7.

	14.	 Wasserstein RL, Schirm AL, Lazar NA. Moving to a 
World Beyond “p < 0.05”. The American Statistician. 2019 
2019/03/29;73(sup1):1–19.

	15.	 Weissgerber TL, Winham SJ, Heinzen EP, Milin-Lazovic JS, 
Garcia-Valencia O, Bukumiric Z, et al. Reveal, don’t conceal: 
transforming data visualization to improve transparency. Circu-
lation. 2019;140(18):1506–18.

	16.	 Weissgerber TL, Savic M, Winham SJ, Stanisavljevic D, Garovic 
VD, Milic NM. Data visualization, bar naked: a free tool for creat-
ing interactive graphics. J Biol Chem. 2017;292(50):20592–8.

	17.	 Weissgerber TL, Milic NM, Winham SJ, Garovic VD. Beyond bar 
and line graphs: time for a new data presentation paradigm. PLoS 
Biol. 2015;13(4):e1002128.

	18.	 Ho J, Tumkaya T, Aryal S, Choi H, Claridge-Chang A. Mov-
ing beyond P values: data analysis with estimation graphics. Nat 
Methods. 2019;16(7):565–6.

	19.	 Bouchard C, An P, Rice T, Skinner JS, Wilmore JH, Gagnon J, 
et al. Familial aggregation of VO(2max) response to exercise 
training: results from the HERITAGE Family Study. Journal of 
applied physiology (Bethesda, Md : 1985). 1999;87(3):1003–8.

	20.	 Bouchard C, Blair SN, Church TS, Earnest CP, Hagberg JM, Hak-
kinen K, et al. Adverse metabolic response to regular exercise: is 
it a rare or common occurrence? PLoSONE. 2012;7(5):e37887.

	21.	 Hubal MJ, Gordish-Dressman H, Thompson PD, Price TB, Hoff-
man EP, Angelopoulos TJ, et al. Variability in muscle size and 
strength gain after unilateral resistance training. MedSciSports 
Exerc. 2005;37(6):964–72.

	22.	 Ahtiainen JP, Walker S, Peltonen H, Holviala J, Sillanpaa E, Kara-
virta L, et al. Heterogeneity in resistance training-induced muscle 

http://creativecommons.org/licenses/by/4.0/
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/


1813Personalized & Evidence-Informed Training Plans

strength and mass responses in men and women of different ages. 
Age (Dordr). 2016;38(1):10.

	23.	 Glass DJ. A critique of the hypothesis, and a defense of the 
question, as a framework for experimentation. Clin Chem. 
2010;56(7):1080–5.

	24.	 Collins FS, Varmus H. A new initiative on precision medicine. N 
Engl J Med. 2015;372(9):793–5.

	25.	 Timmons JA, Knudsen S, Rankinen T, Koch LG, Sarzynski M, 
Jensen T, et al. Using molecular classification to predict gains in 
maximal aerobic capacity following endurance exercise training 
in humans. JApplPhysiol. 2010;108(6):1487–96.

	26.	 Bouchard C, Sarzynski MA, Rice TK, Kraus WE, Church TS, 
Sung YJ, et al. Genomic predictors of the maximal O uptake 
response to standardized exercise training programs. JApplPhys-
iol. 2011;110(5):1160–70.

	27.	 Montero D, Lundby C. Refuting the myth of non-response to 
exercise training: ‘non-responders’ do respond to higher dose of 
training. J Physiol. 2017;595(11):3377–87.

	28.	 Sanford JA, Nogiec CD, Lindholm ME, Adkins JN, Amar D, 
Dasari S, et al. Molecular transducers of physical activity con-
sortium (MoTrPAC): mapping the dynamic responses to exercise. 
Cell. 2020;181(7):1464–74.

	29.	 Herbert RD, Gabriel M. Effects of stretching before and after exer-
cising on muscle soreness and risk of injury: systematic review. 
BMJ. 2002;325(7362):468.

	30.	 Andersen JC. Stretching before and after exercise: effect on mus-
cle soreness and injury risk. J Athl Train. 2005;40(3):218–20.

	31.	 Thacker SB, Gilchrist J, Stroup DF, Kimsey CD Jr. The impact of 
stretching on sports injury risk: a systematic review of the litera-
ture. Med Sci Sports Exerc. 2004;36(3):371–8.

	32.	 Lauersen JB, Bertelsen DM, Andersen LB. The effectiveness 
of exercise interventions to prevent sports injuries: a systematic 
review and meta-analysis of randomised controlled trials. Br J 
Sports Med. 2014;48(11):871–7.

	33.	 Matveyev L. Fundamentals of Sports Training; 1982.
	34.	 Issurin VB. Biological background of block periodized endurance 

training: a review. Sports Med. 2019;49(1):31–9.
	35.	 Issurin VB. Benefits and limitations of block periodized train-

ing approaches to athletes’ preparation: a review. Sports Med. 
2016;46(3):329–38.

	36.	 Issurin V. Block periodization versus traditional training theory: 
a review. J Sports Med Phys Fitness. 2008;48(1):65–75.

	37.	 Kiely J, Pickering C, Halperin I. Comment on “Biological Back-
ground of Block Periodized Endurance Training: A Review”. 
Sports medicine. 2019 May 04.

	38.	 Hornsby WG, Fry AC, Haff GG, Stone MH. Addressing the con-
fusion within periodization research. J Funct Morphol Kinesiol. 
2020;5(3):68.

	39.	 Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C, Feigen-
baum MS, et al. American College of Sports Medicine position 
stand. Progression models in resistance training for healthy adults. 
MedSciSports Exerc. 2002;34(2):364–80.

	40.	 Carpinelli RF, Otto RM, Winett RA. A critical analysis of the 
ACSM position stand on resistance training: Insufficient evi-
dence to support recommended training protocols. JExercPhysiol. 
2004;2004(7):1–60.

	41.	 ACSM. American College of Sports Medicine position stand. 
Progression models in resistance training for healthy adults. Med-
SciSports Exerc. 2009;41(3):687–708.

	42.	 Carpinelli RN. Challenging the American College of Sports 
Medicine 2009 Position Stand on Resistance Training. Medicina 
Sportiva. 2009;13(2):131–7.

	43.	 NEJM-Catalyst. What Is Patient-Centered Care? NEJM catalyst. 
2017.

	44.	 Morton RW, Colenso-Semple L, Phillips SM. Training for strength 
and hypertrophy: an evidence-based approach. Curr Opin Physiol. 
2019;10:90–5.

	45.	 Wernbom M, Augustsson J, Thomeé R. the influence of frequency, 
intensity, volume and mode of strength training on whole muscle 
cross-sectional area in humans. Sports Med. 2007;37(3):225–64.

	46.	 Föhrenbach R, Mader A, Hollmann W. Determination of endur-
ance capacity and prediction of exercise intensities for train-
ing and competition in marathon runners. Int J Sports Med. 
1987;8(1):11–8.

	47.	 Sedeaud A, Marc A, Marck A, Dor F, Schipman J, Dorsey M, 
et al. BMI, a performance parameter for speed improvement. 
PLoS ONE. 2014;9(2):e90183-e.


	Personalized, Evidence-Informed Training Plans and Exercise Prescriptions for Performance, Fitness and Health
	Abstract
	1 Introduction to Evidence-Based Practice
	2 History of Evidence-Based Practice
	3 Evidence-Based Practice and Personalization
	4 Three Examples of Evidence-Based Controversies in Sport and Exercise Science
	5 Stretching to Prevent Injuries
	6 Block Periodization
	7 ACSM Position Stands on Resistance Training
	8 Step-by-Step Workflow for Evidence-Informed Training Plans or Exercise Prescriptions
	9 Summary and Outlook
	References




