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In recent years, the question of individualized 
training in both elite and leisure sports has 

continuously gained in importance. 

In this, – from the practice side, too – interdisci-
plinary research strategies have been increasingly 
demanded, in order to be able to better understand 
the complex mechanisms of training adaption and 
thus create a basis for individually-designed trai-
ning. In light of the knowledge that people react 
to different extents to the same training stimuli, 
recent theoretical studies, such as the interdiscip-
linary approach by Bryan et al. (3), demand integ-
rating molecular, training-physiological and soci-
opsychological models  in sports science: since the 
acute physiological reaction to a training stimulus 
is influenced by genetic factors as well as by subjec-
tive-affective experience of training and training 
motivation, such a crossing enables better under-
standing of those characteristics of individuals 
which are important in beginning and accepting, 
as well as the maintaining physical activity. 

	 Genetics, Epigenetics and Training Adaptation	

Such „holistic“ perspectives are, however, are still 
the exception in training research. Studies on the 
mechanisms of training adaption have increasingly 
focused recently on the molecular level. Nowadays 
it is known that the genetic equipment is centrally 
responsible for whether an untrained individual will 
perform better or worse in a certain athletic task. At 
the same time, it is known that the genetic equip-
ment influences the way in which the individual re-
acts to certain training stimuli, or more specifically, 
how well the organism can adapt to a given physical 
training, that is how “trainable” it is (6). Molecu-
lar-biological research has also brought knowledge 
with respect to the physiological adaptation of the 
body to training stimuli as well, not only based on 
the development of the “omics” technologies, which 
enable extensive and detailed characterization of 
training-associated transcriptomes and proteomes. 
For example, endurance and strength training re-
sult in different specific changes of gene expression 
patterns in the skeletal musculature. While in the 
adaptation to strength training, the stimulation af-
fects rather the expression of genes which promote 
a glycolytic metabolism and muscle hypertrophy, 
coupled with an increased protein synthesis rate, 
endurance training promotes the expression of 
genes associated with aerobic metabolic pathways 

These differing adaptation reactions are controlled 
via molecular signals which are elicited by the phy-
sical activity itself and differ according to the type 
of training. In addition to mechanical signals (such 
as muscle stretching, microlesions or altered blood 
flow), systemic factors (such as hormones and cy-
tokines) or metabolic aspects (like decreasing pH-
value or ATP-consumption), especially the differing 
activation patterns of motoric nerves play an import-
ant role here and – subsequent to this – calcium as a 
so-called second messenger. While strength training 
is more like to elicit calcium flow of greater amplitu-
de in a limited number of repetitions, lower calcium 
flows, but a high number of repetitions, are typical 
of endurance training. These differing calcium flows 
play a decisive role with respect to the specific ad-
aptation reaction of the muscles to various training 
forms. They enable that strength training stimulates 
for example protein biosynthesis so that more musc-
le protein can be synthesized, while endurance trai-
ning leads, for example, to increased mitochondrial 
density (4, 6).

	 Training Experience and Epigenetic Character 	

Recently, evidence has increased that the individual 
trainability can change over the course of life due to 
external factors, such as nutrition or stress. This is 
where the still young specialty of Epigenetics enters 
the picture. Epigenetics addresses processes which 
alter the gene expression patterns specifically and 
longer term, without influencing the base sequence 
of the DNA itself. The DNA sequence is largely stabile 
and can only  be altered via untargeted mutations, 
which are „tested“ by natural selection over the 
course of several generations and over long periods 
of time. Epigenetic alterations, by contrast, can oc-
cur quickly and be targeted and thus enable efficient 
adaptation of a single individual – not only a spe-
cies – to changing environmental conditions. Thus 
environmental stimuli such as physical training or 
nutrition can elicit epigenetic changes, which then 
subsequently influence the way in which the indi-
vidual reacts to further stimuli, such as additional 
training sessions. Mechanically, epigenetic changes 
are controlled by signals similar to those which con-
trol the direct transcriptional response to a training 
stimulus, for example, by differential calcium flows. 

The most important epigenetic changes are 
DNA-methylation (especially the modification of 
cytosin to 5-Methylcytosin primarily in the areas 
of promotor regions), methylation and ace-
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tylation of histones and the regulation of gene expression by 
so-called microRNAs (miRNAs) (2). Many authors do not con-
sider this as „epigenetic“ in the strictest sense. A prominent 
example of an epigenetic regulation mechanism in connection 
with physical training is the induction of the PGC-1alpha-gene 
in skeletal muscle following aerobic stress, which is control-
led by demethylation of the corresponding promotor area. 
PGC-1alpha (peroxisome proliferator-activated receptor-gam-
ma coactivator-1alpha) plays a decisive role in mitochondri-
al biogenesis and angiogenesis (4) and is thus an important 
factor in the metabolic adaptation to endurance training (11, 
14). This hypomethylation can be observed after only a single 
training session and is also, though not exclusively, controlled 
by differential calcium flow. A number of enzymes with dif-
fering specificity exist for the methylation and acetylation of 
histones as well as for the removal of the corresponding mar-
kers. Particularly noteworthy here are Histon-Deacetylases 
(HDAcs) of class IIa, of which it has long been known that they 
are involved in the regulation of the myocyte enhancer factor 
2 (MEF2). MEF2 is a transcription factor which is important 
for the aerobic adaptation of muscle fibers (2, 6).

Epigenetic characteristics are able to function not only as 
specific training markers, but also as predictors for the degree 
of training adaptation. It is thus plausible that „Non-Respon-
ders“ to a certain form or intensity of training, such as MICE 
(Moderate Intensity Continuous Exercise) or HIIT (High Inten-
sity Interval Training), in the skeletal muscle or in other tissu-
es as well, such as in the cardiovascular or respiratory system, 
may present characteristic epigenetic patterns. Moreover, it is 
assumed that exercise-induced epigenetic modifications may 
have life-long positive effects. A very interesting assumption 
can be derived in this connection from a review by Aleg-
ria-Torres et al. (1). The authors report, among other things, 
that elderly people, whose peripheral blood lymphocytes in 
certain areas of the DNA show a high degree of methylation, 
haven a lower incidence of mortality due to ischemic heart 
disease and stroke. A higher degree of methylation of these 
regions – according to the authors – is also associated with 
physical activity. In future, it would therefore be interesting 
to analyze whether there is a causal relationship between the 
degree of methylation of the regions in question and reduction 
in the cardiovascular risk profile through physical activity (1).

A relatively high number of clues point at any rate to 
the fact that earlier training episodes can induce a kind of  
„epi-memory“ (14), which subsequently influences the mole-
cular response of a cell, for example a muscle fiber, to a later 
training stimulus, even if this stimulus followed a long time la-
ter. According to various studies, it can even be presumed that 
training stimuli among parents lead to epigenetic changes in 
the skeletal musculature which, in turn, can be “remembered” 
by their offspring (14).

	 „Social Epigenetics“ as a	  
	 Biopsychosocial Research Perspective	

At this point, it can be noted that molecular-biological rese-
arch into training adaptation of the organism has made great 
advances in the past few years. In particular, there is a growing 
number of articles which explicitly point out that the physiolo-
gical reaction to physical activity is really not determined solely 
by temporally stabile genetic prerequisites, and for this reason 
more attention must be paid to epigenetic mechanisms (2).

Only the beginnings of the coupling of biological, psycho-
logical and sociological perspectives mentioned earlier and 

demanded by researchers like Bryan et al. (3) are, however to 
be found thus far in sports-scientific research practice, even 
though they could lead to better understanding of not only 
the adaptation to but also to the start and maintenance of 
physical activity. 

Outside sports science, by contrast, supplementation of 
molecular-biological research with sociological and psycho-
logical models is being emphatically demanded. It is feared 
that epigenetic research, which actually promised a less es-
sentialistic understanding of nature (5) and thus a substantial 
advance in the nature-nurture controversy, could get stuck in 
a new form of (biological) reductionism (10).

Cooperation between epigenetics and sociology promises 
to bring interesting new knowledge here. From this perspec-
tive, epigenetic development mechanisms for example can be 
understood as a binding link between early environmental 
factors and the state of health in later years. From the sociolo-
gical perspective, the relationship between social deprivation 
in childhood and later health has been described showing that 
children of uneducated and economically deprived families 
are caught in life situations characterized by unhealthy lifes-
tyles, which later lead to negative consequences. Epigenetics 
approaches this phenomenon from a different perspective. It 
picks up the changes in gene expression and phenotype and 
examines them as „semi-stable molecular states (e. g. life-long 
and transmissible over a limited number of generations) that 
influence physiology in subtle ways during development, in 
physiological conditions and in the establishment of several 
diseases“ (9).

Genes thus have a relatively stable, but not deterministic 
influence, since the biological systems have flexibility to react 
to environmental influences and to “learn” in rudimentary 
ways (9). Early epigenetic programming via unhealthy en-
vironmental conditions would then possibly develop over the 
course of life in their negative effect on health (9). From this 
perspective, the transgenerational transmission of poor health 
could not be explained only from the biological perspective. 
Rather, the transmission of unhealthy lifestyles would be to 
a certain extent also the product of unconscious learning of 
unhealthy lifestyles that the parents had already learned from 
their parents and which subsequently manifest biologically. 
One of the many hints of such a relationship is brought by 
nutritional research. It is assumed that the nutrition in early 
life determines at the molecular level the metabolic structu-
res which affect nutritional physiology in adulthood (7). What 
nutrition in early childhood is like, depends in turn on the 
attitude of the parents, socioeconomic conditions, education, 
infrastructure, etc. 

It can be concluded that social structure and social regula-
tion are directly and causally connected to the genome struc-
ture and gene regulation (8). This finding is not only especially 
interesting for sports-science research because genes which 
are epigenetically influenced by nutrition are also influenced 
to a considerable extent by physical exercise and its metabolic 
correlates (13).

Recent articles even permit the assumption that teaching 
that physical exercise can be fun, for example by means of a 
motivating sports program or an exercise-friendly environ-
ment, can be an important factor in the long term with respect 
to prevention of serious diseases later in life.  It is suspec-
ted that the eustress involved in physical activity acts as an 
epigenetic modulator, which reduces the risk of obesity and 
chronic-degenerative diseases via epigenetic alterations. (13).
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	 Dynamics of the „Biopsychosocial Identity“	  
	 in the Context of Training Adaptation	

For future interdisciplinary work in the area of individual 
training management, the challenge arises of integrating 
epigenetics, sociology and psychology in meaningful rese-
arch-methodical programs. Concepts like the model of the 
fluid biosocial identity can be suggested as helpful approaches 
(15). Wiese et al. (15) postulate: „in congruence with social and 
psychological understandings of identity, biological identity is 
much more dynamic than any static genome can represent“. 
And further, the dynamics of the biological identity of an indi-
vidual, according to Wiese et al. (15) always has a biographical 
background. Not only that the human body changes over time, 
but more especially that the body becomes unique thanks to 
the constantly changing relationships to the world in which it 
finds itself (15).

One research-methodical problem which must be solved 
in this connection is the systematic recording of the effect of 
manifold, chaotic and therefore finally unpredictable environ-
mental influences on the trajectory of genotype to phenotype. 
Relton and Smith are correct in emphasizing that, in light of 
this high-grade disorder, it makes little sense to characteri-
ze the generative mechanisms of epigenetic variation at the 
level of the individual. Much better is the attempt at systema-
tization at the group level to identify main biopsychosocial 
determinants in the development of health and disease (12).

Many questions remain unanswered in the relationship 
between the biological and the social, for example of the rela-
tionship „between early-life events and adult epigenetic drift, 
the relative contribution of environmental mediation of the 
epigenome at different life stages, and importantly, the rever-
sibility of all these epigenetic changes“ (8).

If, like Loi et al. epigenetics  as a biomarker is seen as a 
„brute luck-disadvantage“ (9), that is, a disadvantage for which 
one is not himself responsible, it is especially important from 
a biopsychosocial research perspective to identify the syste-
matic conditions of such disadvantages. The relevance of such 
research is not only extremely great because the plasticity of 
the epigenoms promote the expectation that epigenetic drift 
may possibly be reversible. This perspective opens in turn to-
tally new therapeutic possibilities. It is plausible that an early 
epigenetic diagnosis of „socially transmitted” damages to he-
alth will deliver not only a starting point for early pharmaco-
logical interventions to prevent long-term damage to health, 
but also gives hints for targeted intervention in the world of 
the adolescent (9).

Such a research perspective is a challenge for sports scien-
ce as well. Individual training management which should be 
tailored to the characteristics of the individual for whom the 
training program is to be designed, cannot avoid addressing 
the central question of environmental epigenetics, of the cau-
sal relationship between social structure and social regulati-
on and genome structure and gene regulation (8). In sports 
scientific training research, however, we are still very far from 
such encompassing queries and corresponding methodical 
approaches.�
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