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Sport, fitness and wellbeing

The history of sports is probably as old as mankind. Some 
cave paintings found in the Lascaux caves (France), which 
can be dated back to nearly 15,300 years ago, clearly 
represent sprinting and wrestling competitions taking place 
sometime in the Upper Paleolithic Era (1). Throughout 
the following periods of human history, and more precisely 
since the organization of the ancient Olympics games in 

Athens in the eight century BC, sport has then become an 
important social institution, a mass phenomenon, and even 
a business-generating industry. Notably, the broad diffusion 
of sports around the globe has also importantly boosted the 
development of the so called “sports medicine” or “exercise 
medicine”, whose origins can be traced to the early Hindu 
and Chinese culture, throughout Hippocrates and Galen, 
up to recent times (1). 
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Since ancient times sports has drawn the attention of 
scientists from a large number of disciplines, including 
social sciences, physiology, medicine and rehabilitation. 
The interest of science and medicine in sports physiology 
is ample and multifaceted, so entailing technical research 
and physiological studies for optimizing or improving 
athletic performance, efficient management of sport injuries 
and recovery, along with efforts made for identifying the 
many biological benefits that sport may have on health and 
fitness (2). Since the beginning of the past century, exercise 
has became central to public health, and a large body 
of evidence has accumulated to suggest that the several 
biological pathways activated (or inhibited) by a physically 
active lifestyle may produce immense health benefits (3). It 
is hence now unquestionable that regular performance of 
physical exercise has a graded and inverse association with 
the risk of developing a kaleidoscope of human diseases, 
thus including cancer (4), cardiovascular disorders (5), 
diabetes (6), osteoporosis (7), rheumatic diseases (8), 
sarcopenia and frailty (9). 

Although sports medicine has come a very long way in 

recent decades, and continuous research and advancements 
in this field are abundantly clear, some issues remain to be 
addressed. These typically include the minimum amount 
of exercise needed to improve health and fitness, the 
maximum allowable bout of exercise before the putative 
health benefits may turn into biological damage, as well 
as the recognition of biological pathways that can be 
positively modulated by exercise so that they could be 
directly targeted by specific health interventions and/or 
treatments (10) (Figure 1). The still incomplete knowledge 
of these aspects is hence contributing to the growth of 
several scientific initiatives and events, specifically aimed 
to study changes and adaptations underlying regular sport 
practice. The bases, context and early achievements of 
one of such initiatives, called “Run for Science”, will be 
summarized in the following sections of this article. 

The “context” of the Run for Science

The Run for Science, abbreviated R4S, is a research project 
originally conceived in the mid 2000s and officially endorsed 
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Figure 1 The challenging compromise in running distance, intensity and frequency for balancing health benefits and the risks of excessive 
exercise.
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by the University of Verona with its definitive designation 
in 2014. The event, which has increasingly involved Italian, 
European and American scientific institutions, has been 
organized annually for the past four years, and the last 
edition was held in April 2, 2017. The purpose of this 
project is to investigate several biochemical, metabolic and 
physical aspects regarding endurance running, basically 
entailing the evaluation of muscle efficiency along with the 
assessment of psychological, cardiovascular and metabolic 
adaptation. Middle distance running has been recognized 
as the most suitable type of exercise for these studies, since 
it does not require specific talent or highly-specialized 
and expensive equipment, can be practiced in almost every 
environmental condition, and is hence the most affordable 
and convenient sport discipline for the general public.

The annual initiative is usually organized between the 
end of March and the beginning of April, to meet the 
most suitable conditions of temperature and humidity 
for running. The event typically involves more than 
200 volunteers, aged between 20 to 90 years, and entails 

anthropometric measurements (i.e., weight, height, 
body composition), cognitive assessment, conditional 
adaptations (strength, elasticity, sensitivity), functional 
measures (energy expenditure and optimization), individual 
running performance and biochemical testing (i.e., blood 
sampling) before and after the trial. The day of the event 
the amateur athletes will be running an endurance distance 
(according to the different study protocols, this may vary 
between 5.0 and 42.2 km, but most athletes will compete a 
21.1 km, half-marathon run). Before being enrolled in the 
study, all the volunteer subjects need to provide a written 
consent. The study has been originally approved by the 
local Ethical Committee (Department of Neurological, 
Neuropsychological, Morphological and Movement 
Sciences, University of Verona) and is performed in 
accordance with the Helsinki Declaration.

The typical program and organization of the Run for 
Science are shown in Figure 2, and are also available in 
a dedicated website (11). As regards the four previous 
editions officially endorsed by the University of Verona as 

Figure 2 Typical program and organization of the “Run for Science”. VO2max, maximal oxygen uptake.
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“Run for Science” (i.e., between 2014 and 2017), data were 
prevalently collected from athletes performing 21.1 km 
(half-marathon) or a 42.2 km (marathon) runs, equipped 
with a heart rate (HR) monitor, and running at exercise 
intensity comprised between 75% and 85% of their 
maximal oxygen uptake (VO2max). The study population 
consists of recreational athletes engaged in non-professional 
teams of amateur runners (training regimen usually ranging 
between 180 and 260 min per week; VO2max comprised 
between 40–60 mL/kg/min; body mass index ranging 
between 20 and 30 kg/m2). Maximal aerobic capacity is 
measured in each subject approximately two weeks before 
the event, by means of a running test on treadmill and 
using breath by breath ergospirometric system. After 
familiarization, all runners are requested to undergo a 
progressive incremental test, starting from the habitual 
running pace and then increasing the speed by 0.5 km/
h every one minute, until reaching volitional exhaustion. 
The study project requires the subjects to rest for at least 
36 hours before the event, avoiding intake of medications 

known to alter endurance performance or biochemical and 
metabolic profile, and avoiding ingestion of food for 3 hours  
after the run. The trial usually starts at around 9.00 AM and 
the route always develops on a virtually identical circuit. 
Briefly, the ~7 km circuit is located 5 km from the center of 
the town of Verona (Italy), and develops with a maximum 
of 35 m vertical gain (1.8% maximal slope) (Figure 3). 
Participants are free to drink ad libitum during the run, 
but are not allowed to ingest food until a second blood 
sample has been taken after crossing the finishing line. 
The median time of completing the 21.1 km trial is around 
115 min (range usually comprised between 100–140 min).  
Blood samples are always taken at baseline (i.e., 10 to 15 
min before the start of the run), immediately after crossing 
the finishing line (i.e., post-run), as well as 3 hours after the 
end of the run. On occasion, and according to the specific 
study design, additional samples may also be collected (i.e., 
6 and 24 hours after the end of the run). The blood samples 
are immediately transferred to the laboratory of clinical 
chemistry and hematology of the University of Verona, 

Lap distance: 6.96 km 
Lap time: 28.4 min (at 14.5 km/h)
Height: min: 59.2 m; max: 67.7 m
Total gain: 35 m
Maximal slope: 1.8% 

Figure 3 Description of the route of the “Run for Science”.
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within specific transport boxes, under controlled conditions 
of time and temperature. Upon arrival in the laboratory, 
the samples needing immediate testing are rapidly analyzed 
(i.e., for obtaining the complete blood count), whereas 
those requiring preparation for obtaining serum and 
different types of plasma (i.e., EDTA, lithium-heparin or 
citrate plasma) are centrifuged, divided in several aliquots 
and stored at −70 ℃. This organization has allowed the 
construction of a large biorepository of biological samples 
over time, from which the specimens can be easily retrieved 
when additional studies are planned. Preanalytical variability 
is always seen as a critical issue in clinical trials (12),  
so that the highly standardized and strictly monitored 
procedures used for collecting blood and for sample 
management should be considered peculiar strengths of the 
Run for Science initiative.

Beside being officially endorsed by the University 
of Verona, many other partners have been increasingly 
involved, so that the current team comprises scientists from 
the University of Torino (Italy), University of Rome (Italy), 
University of Brescia (Italy), University of Milan (Italy), 
University Hospital of Parma (Italy), the Research Center 
Mountain Sports and Health (CeRiSM) (Italy), Rome Foro 
Italico (Italy), New York University School of Medicine 
(US), German Sport University in Cologne (Germany) and 
University of Valencia (Spain).

Former achievements

Since the 2007, when the first official event has been held, 
up to the 2017 (i.e., the date of the last edition), the Run for 
Science has engaged over 1,000 recreational athletes, thus 
allowing to achieve extraordinary successes in physiology 
and laboratory sport medicine, which were especially 
useful for better identifying and interpreting the short-
and medium-term variations of many biochemical and 
hematological tests in response to exercise, and permitting 
to unravel previously overlooked pathways in health and 
disease. Most of the important scientific breakthroughs 
that have been made in the various editions of the R4S are 
summarized in Table 1 (13-28). Some of these represent new 
discoveries or tangible advancements over former scientific 
knowledge. This especially refers to the observation that 
the concentration of cardiac troponins measured with 
highly-sensitive immunoassays transitorily increases 
after endurance exercise, that the running performance 
is influenced by two previously unappreciated laboratory 

parameters (i.e., serum alpha-amylase and mean platelet 
volume), and that the DNA may undergo a transitory 
oxidative damage during endurance exercise. More recently, 
the results of the R4S helped discovering important aspects 
linking physical exercise with a lower risk of cancer (i.e., 
acute decrease of cancerogenic bile acids in the circulation), 
cardiovascular disease (i.e., short- and long-term reduction 
of low-density lipoproteins) and asthmatic reactions 
(i.e., acute decrease of circulating eosinophils in blood). 
Additional analyses are underway, as allowed by the large 
availability of biological specimens obtained in the various 
editions of the event. 

Future perspectives and conclusions

Although the various editions of the Run for Science have 
allowed to achieve some important results for understanding 
the personal response to exercise and for identifying a number 
of individual determinants of performance (Table 1), we have 
already planned future studies in the field of personalized 
laboratory medicine. In particular, specific focus is being 
placed on sports epigenetics, with the aim to define 
how recreational sport interplays with gene expression 
and modulates the individual response to exercise (29). 
Running economy and performance both depend on 
many physiological factors (e.g., anthropometric variables, 
functional characteristics, volume and intensity of training) 
but also exhibit high inter-individual variations, which are 
not fully explainable by sport physiology. Moreover, the 
health benefits of physical exercise may differ from one 
subject to another, so that a more accurate understanding of 
individual changes will be necessary to define personalized 
strategies aimed to lowering the risk of many human 
disorders (30). Therefore, a deep search of gene-to-
environment interplay, so including physical exercise, will 
probably offer the most attracting opportunity for a tailored 
approach in prevention and care of many human diseases (31), 
but may also offer new opportunities for the global struggle 
against doping, which is not limited to top-class athletes but 
deeply plagues also recreational sports (32). 

In the long and windy road towards personalized 
(precision) laboratory medicine, we really hope that the 
many important findings obtained during the various 
editions of the Run for Science may allow the replication 
of this project at other latitudes and in different countries, 
to help establishing a new paradigm for assessing individual 
biochemical responses to endurance exercise.
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Table 1 Summary of the most important findings emerged from the various editions of the “Run for Science” (13-28)

Parameter 
Variation after the run

Immediately after 3 hours after 24 hours after Additional findings

DNA double-strand breaks  N/A N/A

Alkaline phosphatase (ALP)  – –

Alanine aminotransferase (ALT)  – –

Aspartate aminotransferase (AST)   

Alpha-amylase  – – Predicts running performance

B-type natriuretic peptide (BNP)   

Bile acids  N/A N/A

Bilirubin   

Cardiac troponins   

Creatine kinase (CK)   

Gamma-glutamyl transferase (GGT)   –

Glomerular filtration rate (GFR)   –

Iron  N/A N/A

Lactate dehydrogenase (LDH)   

Low density lipoproteins (LDL)  N/A N/A

Lipoprotein(a) – N/A N/A

Myoglobin   

Osteocalcin  – –

Parathyroid hormone (PTH) / – –

Total cholesterol  N/A N/A

Triglycerides  N/A N/A

Urea  N/A N/A

Uric acid  N/A N/A

White blood cells (WBC)   –

Neutrophils   –

Lymphocytes   –

Monocytes   –

Eosinophils   –

Basophils   –

Red blood cells   

Hemoglobin   

Reticulocytes –  

RDW  N/A N/A

Platelets  – –

Mean platelet volume (MPV)  – – Predicts running performance

, increased compared to baseline; , highly increased compared to baseline; , extremely increased compared to baseline; , decreased 
compared to baseline; , highly decreased compared to baseline; , extremely decreased compared to baseline; –, unvaried compared to 
baseline; NA, not assessed; RDW, red blood cell distribution width.
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