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IP Main findings 

In this thesis, we investigated whether life style related risk factors are associated with novel neuronal 

imaging markers and evaluated the value of structural and functional brain network measures for that 

purpose. The life style related risk factors, also called cardiometabolic risk factors, studied in this thesis 

are (pre)diabetes, physical inactivity, high sedentary time, high blood pressure, obesity, and high 

cholesterol. We summarized and extended the existing evidence on associations between 

cardiometabolic risk factors and subtle brain changes as assessed by structural and advanced MRI. More 

specifically, we found that high blood sugar was associated with structural brain alterations, even in the 

prediabetes phase. Physical inactivity was also associated with structural brain alteration, especially in 

brain regions highly specialized in motor function. Furthermore, we found an interrelation of brain 

damage in the form of white matter hyperintensities (WMH), structural brain alterations, and cognitive 

function. In particular, WMHs in structural brain connections important for information processing speed 

were associated with cognitive slowing. Finally, we observed that neuronal and non-neuronal 

physiological signals could be recognized in the functional MRI signal, and that this signal is altered in 

people with cardiometabolic risk factors. To show the relevance of our findings, we can express brain 

changes in years of aging. The impact on the amount of connections between regions in prediabetes and 

type 2 diabetes was equivalent to 2 and 9 years of aging, respectively, as compared to participants with a 

normal glucose metabolism, and for cognition scores of participants with diabetes this was equivalent to 

3.3 years of cognitive aging. Physical inactivity also led to brain changes, participants with on average 5 

minutes less high intensity physical activity per day had a lower node degree equivalent to one year of 

aging. As cardiometabolic risk factors are also associated with small lesions in the brain, we also made 

such a comparison in participants with WMH presence. A larger WMH volume of 0.51 mL was equivalent 

to 10 years of cognitive aging, while a larger WMH volume of 1.69 mL was equivalent to 10 years of 

network aging. 

Relevance 

Due to the aging population, there is an increase in age-associated conditions such as cognition problems 

and Alzheimer’s disease. However, there is currently no medication available for treatment of cognitive 

decline. Accumulating evidence shows that cardiometabolic risk factors are associated with a higher risk 

of late-life cognitive detriments and eventually brain diseases such as dementia. Additionally, 

cardiometabolic risk factors are associated with chronic diseases, including type 2 diabetes, heart 

disease, and renal failure. In The Netherlands, more than 1.2 million people have type 2 diabetes, which 

is 1 in 14, and this group increases with 1000 every week. Even more people, over 1.6 million, suffer from 

cardiovascular conditions. As cardiometabolic risk factors are often behavioural and therefore 

modifiable, these are an interesting target for prevention of brain diseases. Therefore, it is important to 

reveal underlying mechanism between life style, cardiovascular risk factors, and brain alterations. Brain 

imaging in population studies is ideal for this due to the use of the combined data provided by brain 

imaging and the availability of multiple other characteristics of the participants.  

The results from the advanced MRI techniques presented in this thesis, provide more insight 

into underlying processes that lead from cardiometabolic risk factors to brain dysfunction and disease, 
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  IP compared to structural MRI. Since we were able to detect early brain changes, these insights may help to 

develop treatment strategies to delay or even prevent brain alterations and eventually brain disease. 

Simply stimulating a healthier lifestyle, by for example more physical activity or a diet, might already 

contribute to prevention of future brain alterations. In addition, early signs for brain disease may enable 

us to identify people at risk, to prevent further escalation to functional problems and eventual disease. 

Additionally, these findings acquired from advance brain MRI also emphasize the importance of further 

development of MRI scan protocols and analysis techniques. 

Target group 

The findings from this thesis are important for the general aging population, but probably also for more 

specific target groups. This thesis extended the insight into the association of cardiometabolic risk factors 

and brain alterations, and the results underline the importance of promoting a healthier lifestyle and its 

importance in the battle to prevent brain disorders. More specifically, the finding that modifiable 

cardiometabolic risk factors are associated with brain alterations might be interesting for healthcare 

policy makers, for instance, to promote physical activity in order to prevent for brain alterations. The 

new insights on the early MR imaging markers is interesting for neuroscientists, in order to early detect 

brain abnormalities before onset of cognitive problems, but also for the MRI vendors, to improve their 

software, and finally, the pharmaceutical industry might be interested, as these new insights emphasize 

the importance of treatment of cardiometabolic risk factors. All studies in this thesis were conducted in 

the large population-based Maastricht Study. The Maastricht Study is characterized by an extensive 

phenotyping approach. This made it possible to obtain findings that are likely also applicable to the 

general population, in particular to middle-aged people with cardiometabolic risk factors.  

Activities 

The findings from this study could be used by policy makers to inform, to comprehend and to convince 

people that improving lifestyle is not only good for their general health, but also specifically for their 

brain. The Maastricht Study is also committed to informing the participants by its website and the local 

media. For instance, the findings from Chapter 3 of this thesis were published in a local newspaper (de 

Limburger), and national media (Elsevier and Libelle). Furthermore, there is an annual Maastricht Study 

symposium, which is an interactive meeting for the participants of the study to inform them about the 

current state of the study and the most recent findings.  
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IP Future directions 

Future longitudinal studies should clarify the usefulness of novel biomarkers in relation to disease 

outcome and to which extent the observed brain alterations are predictive for health regression. 

Furthermore, the suitability of biomarkers for monitoring treatment and prevention strategies, and 

whether brain changes are merely adaptive and able to compensate for initial brain impairments, needs 

to be addressed. The Maastricht Study will start in fall 2020 with inviting all the participants of The 

Maastricht Study for follow-up measurements and MRI assessments. Finally, intervention studies will be 

essential to evaluate whether brain alterations could be delayed or even reversed in people that 

improved their lifestyle.  

 



 

  


