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KORRESPONDENZADRESSE:

Developing complex cause-effect models that 
describe adaptations to physical activities in 

depth can help evaluate the effectiveness and ef-
ficiency of sports and physical activity programs 
in fighting type 2 diabetes mellitus and in opti-
mizing personalized therapy. “Omics” research 
and data obtained from modern biosensors 
can provide important information for these  
purposes. 

According to the International Diabetes Federa-
tion, the prevalence of diabetes in Germany is more 
than 15% (7). The number of people with diabetes 
continues to grow! Over 90% of diabetes patients 
have type 2 diabetes mellitus. Due to the frequent 
comorbidities and secondary diseases, the increase 
in patients with diabetes poses an enormous pati-
ent care burden for the healthcare system (9). Stra-
tegies and therapeutic interventions to ameliorate 
the metabolic disease and patients’ suffering are 
needed now more than ever. Sports therapy is a cru-
cial cornerstone of patient care. Regular physical 
activity can even result in a complete remission of 
the disease in some patients (10).

 Exercise is Medicine:    
 Complex Cause-Effect Models 

Advanced sports therapy should be evidence-based. 
One of the missions of sports-medical research in 
the field of metabolic diseases is the development 
of complex cause-effect models that describe bio-
logical adaptations to physical activity stimuli at 
the molecular and cellular level, which can be used 
to evaluate the effectiveness and efficiency of trai-
ning programs. If necessary, these programs can 
then be appropriately adjusted to maximize their 
beneficial effects. The integration of an increasing 
number of mechanisms of action in various organ 
systems and their interactions (organ crosstalk) in 
such models can ultimately lead to an ever-growing 
understanding of why specific forms or methods of 
training are especially suitable for certain patients. 
Of particular interest in this regard, for example, 
are the effects of training on chronic inflammation 
and oxidative stress. Inflammation and oxidative 
stress can promote insulin resistance and the on-
set of secondary complications. Numerous studies 
have shown the anti-inflammatory and anti-oxi-
dative effects of regular physical activity and the 
up-regulation of protective capacities in the skele-
tal muscle and blood of patients with type 2 diabe-

tes mellitus (4, 11, 14). The microbiome has recently 
gained the attention of the research community. It 
has recently been demonstrated that sports-in-
duced alterations in gut microbiota are strongly 
correlated with changes in the glucose homeostasis 
and insulin sensitivity of individuals with pre-dia-
betes (12). There seems to be an (indirect) connec-
tion between gut microbiota and skeletal muscle. 
Epigenetic modulations, by which gene regulation 
can be influenced through training, are also an 
exciting field of research, and their complexity is 
becoming increasingly apparent. So-called microR-
NAs, which modulate gene expression post-tran-
scriptionally, represent an interesting piece of the 
puzzle. Some microRNAs that are dysregulated in 
diabetes patients, but which can be regulated to 
reach normal levels through regular exercise, have 
already been identified (8, 15). A special feature of 
miRNAs is that they can be involved in crosstalks 
between organs and can be transported with the 
help of vesicles from a cell via blood circulation to  
distant organs.

 “Omics” Research as a Key   
 to Personalized Therapy  

The application of new analytical methods in me-
tabolomics, genomics, epigenomics, transcripto-
mics, proteomics and microbiomics generates an 
ever-greater quantity of data thanks to a high degree 
of automatization. Accessibility to big datasets, in 
particular, which facilitates continuous analyses by 
members of the scientific community, should be pro-
moted. The main challenge consists of filtering out 
relevant information. “Omics” research will further 
elucidate inter-individual adaptations and contribu-
te to an explanation why changes  in certain variab-
les (glycemic control, cardiovascular fitness, etc.) of 
some diabetic patients are more or less profound in 
response to specific exercise stimuli/training pro-
grams (16). This may be the key to a more personali-
zed sports therapy in the near future.

 Verification of Efficacy Using   
 Modern CGM Technology  

New knowledge about cause-effect relationships can 
also be generated with the help of modern sensor 
technologies. By using systems for continuous glu-
cose measurement (CGM), which measure glucose 
in the interstitial fluid of the subcutaneous adipose 
tissue, new variables for evaluating the effects 
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of physical activity on the glucose profile are available, such as 
“time in/out of range”, “time in hyperglycemia” or “mean glu-
cose value recorded by the sensor“ (5). 

Changes in glucose homeostasis can be detected early in 
interventions using CGM systems, while changes are not de-
tectable so quickly when only glycated hemoglobin (HbA1c), 
the surrogate parameter for glycemic control, is considered.

 Feasibility and Acceptance of Training Programs  

Innovative forms of training, such as exergaming (exercise 
with game consoles) (13) or hypoxia training (3), as well as 
alternative training methods such as high-intensity interval 
training (2), or unusual training modalities such as training 
before breakfast (1), can be analyzed by biomedical research 
to determine their effectiveness and efficiency. The selection 
of the “right” training program should by no means, however, 
be limited to effectiveness and efficiency. Individual compli-
cations and possible contraindications should be considered 
as well. In addition to feasibility, it is crucial to take patients’ 
personal preferences into account. Long-term adherence to 
training programs should always be a priority, because one 
thing is certain: you will only proceed if you move! – and that 
can best be achieved when you enjoy what you’re doing and 
stick with it for life! 
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