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Abstract  

Patients with obesity and/or type 2 diabetes have an increased tumor risk including colorectal cancer. Physical acrtivity (PA), exercise (EX) 
and weight reduction (WR) are effective strategies to decrease this risk. Highly sensitive tumor risk biomarkers such as oxidative DNA damage 
products (8-oxo-2’deoxyguanosine [8-oxo-dG]) increasingly are used in epidemiological and clinical (intervention) studies to better quantify this 
risk and to investigate potential effects of PA/EX/WR on this biomarker with the aim to further improve prevention and patient management 
programs. Based on the available data a U-shaped relationship between urinary 8-oxo-dG excretion and the level of PA/EX intensity is assumed, 
on the other hand, the relationship with BMI seems to be less clear. In this minireview this data will be discussed with regard to clinical and 
epidemiologic aspects.
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Introduction

Epidemiologic and clinical studies in the last three decades 
have convincingly demonstrated that patients with type 2 diabetes 
(T2D) have a higher tumor risk including colorectal cancer (CRC) 
and that CRC-patients with T2D have an elevated risk of a more 
aggressive disease course compared to non-diabetic individuals 
[1,2]. In addition, there is convincing evidence that elevated body 
mass index (BMI [kg/m2]) particularly visceral fat mass may also 
contribute to an increased tumor risk including CRC, whereas 
on the other side weight reduction was found to decrease this 
risk [3-5]. Physical activity/exercise (PA/EX) was shown to be 
associated in a dose-dependent and inverse relationship with 
a 30 to 50 percent lower decrease of tumor risk in the most 
active individuals [6]. To further improve prevention strategies 
and therapeutic management in risk groups more clinical and  

 
epidemiological studies with quantitative data using highly 
sensitive risk biomarkers and their modification by lifestyle 
factors are urgently needed.

Disease, Oxidative DNA Damage Products and Risk 
Prediction Models

To quantify tumor risks (including CRC) a series of compounds 
modifiable by lifestyle factors (diet, PA/EX) have been proposed, 
among them 8-oxo-2’-deoxy-guanosine (8-oxo-dG) which was 
shown to reflect (mutagenic) oxidative DNA damage deriving 
from interactions with reactive oxygen species (ROS) produced in 
excess as a consequence of increased endogenous and exogenous 
oxidative stress [7,8]. Elevated levels of 8-oxo-dG have been 
found in many conditions and diseases with an increased cancer 
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risk including T2D [9-14]. In a recently published clinical cross-
sectional study comparing urinary 8-oxo-dG in individuals with 
different CRC-risks we found that urinary excretion in patients 
with T2D (having a moderately elevated CRC risk) was in between 
those with curatively treated CRC (high risk for recurrence) and 
non-diabetic controls (average risk) [15]. Urinary excretion of 
8-oxo-dG was significantly correlated with BMI (p=0.04) in all 
study participants, but not with the smoking status, age, alcohol 
consumption or gender. One clinically important application would 
be the implementation of stress biomarkers into predefined CRC-
prediction models to further improve accuracy with inclusion into 
appropriate prevention programs. Thus, in a recently published 
meta-analysis compiling the data of two large scale population-
based studies with >4000 individuals (ESTHER and Tromsö study) 
it was shown that the inclusion of reactive oxygen metabolites 
(ROM) assessed as total thiol (TTL) and hydrogen peroxide levels 
(d-ROM) into already existing models significantly improved 
their accuracy (C-statistics) [16]. Another study from the same 
group could show that CRC patients in the presence of elevated 
blood TTL and d-ROM levels had a poorer prognosis compared 
to those without these parameters [17]. Similar population-based 
trials with implementation of additional risk biomarkers such as 
urinary excretion levels of 8-oxo-dG into those prediction models 
presently are not available but are likely to further improve our 
prevention programs particularly in patients at an increased CRC-
risk.

Physical Activity/Exercise and Oxidative DNA 
Damage (8-oxo-dG)

Quantitative data concerning beneficial effects of PA/EX on 
the individual tumor risk in terms of risk biomarkers are clinically 
important, but not widely available and not entirely consistent. 
The great majority of clinical and experimental intervention 
studies in healthy volunteers as well as in patients belonging to 
risk groups such as T2D or curatively treated CRC have shown 
decreased systemic and urinary 8-oxo-dG levels (and other risk 
biomarkers) in the range of 20–30 percent following moderate 
intensity of EX, whereas at higher intensity levels oxidative DNA 
damage increased suggesting a U-shaped (hormesis) relationship. 
[18-25]. One possible explanation for this effect may be that 
cellular and humoral compensatory mechanisms such as exercise-
induced activation of antioxidant defenses (e.g., superoxide 
dismutase, DNA repair systems) would be exhausted at higher EX 
intensities with a shift to more prooxidant compounds [26-28]. In 
our recently published study [15] we found that urinary 8-oxo-dG 
excretion was independent of the individual level of PA in all study 
participants, an observation being somewhat surprising and 
in contrast to data from interventional studies mostly showing 
clear beneficial effects of regular exercise on genome stability 
and DNA damage in risk groups such as patients with T2D 
[19,20]. A possible explanation of this discrepancy may be that 
exercise-induced changes of 8-oxo-dG levels are closely linked 

to rapid changes of humoral and cellular redox systems [26,27] 
and that these rather short lived effects may have been missed 
in non-interventional settings such as our study, a view based on 
a closer look into the time protocols of these studies e.g times at 
which biomarkers had been assessed in relation to previous PA/
EX [15]. Despite these limitations further biomarker-guided long-
term prospective interventional trials with individually tailored 
exercise programs are urgently needed to improve patient 
management particularly in those at increased CRC-risk such as 
obesity and T2D with particular emphasis on moderate intensity 
protocols to obtain optimal individual benefit. 

Body Mass Index and 8-oxo-dG

In contrast to PA/EX the relationship of BMI oxidative DNA 
damage seems to be less clear as there are studies reporting 
inverse (negative) as well as positive correlations [29-32]. In a 
longitudinal study investigating a cohort of 179 healthy office 
workers Mizoue et al. found a negative correlation up to BMI 
27 kg/m2 [31], in morbidly obese patients undergoing bariatric 
surgery, however, a positive correlation was observed with a 
highly significant decrease 6 months after surgery [32]. Based 
on these data the authors of both groups  suggested that there 
may possibly be a similar relationship of BMI with urinary 8-oxo-
dG excretion as seen for PA/EX.; a negative correlation being 
observed at low/normal BMI (<27 kg/m2) turning positive above 
this value [31,32]. When the participants in our recently published 
study (T2D, CRC, non-diabetic controls) were analyzed separately 
according to their diagnosis the observed positive correlation 
(p=0.04) was no longer significant. Additional BMI-models with 
multiple adjustments for the cofactors gender, age, BMI, alcohol 
consumption and smoking status yielded similar results (no 
correlation) [15]. In line with this data are results of our earlier 
study showing no significant correlation of BMI with urinary 
8-oxodG excretion in CRC-patients [21]. It is, therefore, important 
to adjust for multiple confounding factors, when correlations of 
BMI with 8-oxo-dG in clinical and/or epidemilogical studies are 
investigated. Despite these limitations oxidative DNA damage 
biomarkers should be included into weight reduction programs 
particularly for the obese/morbidly obese individuals and those in 
whom bariatric surgery is planned [32]. Our finding of a positive 
correlation of BMI with urinary 8-oxo-dG excretion (in the non-
diabetic controls) may further support the view that long-term 
(beneficial) effects of PA (or energy expenditure during EX) on 
risk biomarkers may be mediated at least partially by the weight 
loss (BMI reduction) as observed during appropriate exercise 
programs.
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