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VALORISATION ADDENDUM 

Type 2 diabetes mellitus (T2DM) currently affects an estimated 285 million people 

worldwide, with a further seven million people developing T2DM each year.
1
 In addition, 

the prevalence of obesity is increasing worldwide and has reached epidemic proportions 

in Western society.
2
 As adults with obesity have an approximately 7-fold increased risk of 

T2DM,
3
 it is important to unravel the pathophysiology of obesity-related T2DM. 

Experimental evidence suggests that microvascular dysfunction may be an intermediate 

step linking central obesity to T2DM.
4-6

 In the research project reported on in this thesis, 

we investigated the associations of obesity, T2DM, and other cardiovascular risk factors 

with microvascular dysfunction in a population-based setting. The population-based 

studies discussed in this thesis are important because they provide further insight into the 

pathophysiology of obesity-related T2DM. We demonstrated that microvascular 

dysfunction is associated with diabetes and prediabetes, and thus contributes to the 

translation to the general population of this concept as investigated in experimental 

studies. Our findings do indeed suggest a role for the microcirculation in the pathogenesis 

of T2DM. Hence, from a clinical point of view, targeting the microcirculation may reduce 

the risk of developing T2DM. In addition, unravelling how microvascular dysfunction is 

determined and how it leads to T2DM may lead to new treatment targets as well as to a 

better understanding of the reason why certain existing treatments are associated with a 

decreased risk of developing T2DM. Importantly, unravelling this concept may reduce 

health care costs in the near future (through a lower prevalence of T2DM and its 

complications). 

Although this thesis underlines the importance of microvascular dysfunction in 

the pathogenesis of T2DM, we cannot prove any causal relationship. More studies are 

therefore required to unravel the pathophysiology of obesity-related T2DM. 

Unfortunately, the assessment of microvascular function in specific vascular beds is 

technically demanding and time-consuming. Therefore, we developed a semi-automatic 

image analysis application (CapiAna) for the assessment of skin capillary density, which 

agrees well with the classic manual counting procedure, saves time, and has a better 

reproducibility than the classic procedure. Since CapiAna saves time, thus eventually 

reducing research costs, the use of skin capillaroscopy has become feasible in large-scale 

studies. Hence, this semi-automatic image analysis application considerably extends the 

possibilities of performing microcirculation research in humans. In addition, making this 

new software freely available on the Internet may consolidate Maastricht University’s 

reputation as an innovative university. This may then help to attract new Dutch and 

international students, thus further improving the university’s reputation. 

It is important to note that this thesis is based on the first dataset of the 

Maastricht Study (an observational prospective population-based cohort study), and thus 
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opens avenues for potential new research in the context of the Maastricht Study. More 

precisely, the Maastricht Study is valuable for investigating the longitudinal associations 

between microvascular dysfunction and incident T2DM. The Maastricht Study is ongoing 

and annual follow-up on morbidity and mortality is in progress. The study is also valuable 

because of its extensive phenotyping approach, and in particular the extensive 

characterization of microvascular function.
7
 This allows the role of microvascular 

dysfunction in the pathogenesis of obesity-related T2DM to be investigated with 

additional measures of microvascular function (i.e., heat-induced hyperaemia,
8
 

funduscopy,
9
 dynamic vessel analysis,

10
 markers of endothelial dysfunction,

11-13
 and 

microalbuminuria
14

). As a consequence, the Maastricht Study will generate new jobs in the 

Southern part of Limburg. In addition, it creates new opportunities for collaboration with 

large-scale studies at other Dutch and international universities. This, in turn, may 

improve the international reputation of Maastricht University. 

Besides targeting the microcirculation with drugs, physicians should encourage 

their patients to lose weight and adopt a healthy lifestyle in order to prevent obesity and 

obesity-related microvascular dysfunction. For instance, several studies have 

demonstrated improvements of microvascular function after weight loss in morbidly 

obese patient having bariatric surgery.
15,16

 In addition, a recent study in healthy subjects 

demonstrated that a dietary pattern characterized by high intakes of high- and low-fat 

sweets was associated with microvascular dysfunction, while a pattern characterized by 

increased consumption of vegetable oils, poultry, and fish and seafood was associated 

with improved microvascular function.
17

 Physical activity may also prevent obesity-related 

microvascular dysfunction and T2DM.
18

 Indeed, physical activity has been associated with 

improved microvascular function
19,20

 and, more importantly, regular exercise can enhance 

the vascular insulin mechanisms.
21

 Taken together, these findings suggest that the 

prevention of obesity and the implementation of a healthy lifestyle may reduce obesity-

related microvascular dysfunction and consequent obesity-related T2DM. Besides an 

important role for physicians, population-based strategies should be introduced to 

effectively promote lifestyle change, such as media and educational campaigns; product 

labelling and consumer information; taxation, subsidies, and other economic incentives.
22

  

More studies are thus needed to investigate the pathophysiology of obesity-

related T2DM. Their findings may contribute to a more precise assessment of risk of this 

disorder. In addition, unravelling how microvascular dysfunction is determined and how it 

leads to T2DM may lead to new treatment targets as well as to a better understanding of 

the reason why certain existing treatments are associated with a decreased risk of 

developing T2DM. Importantly, the implementation of a healthy lifestyle may reduce 

obesity-related microvascular dysfunction and consequent obesity-related T2DM.  

 

 



148 Valorisation addendum 

 

REFERENCES 

1. Federation ID: Spreadsheet: Prevalence estimated of diabetes mellitus (DM), 2010. Brussel, Belgium. 

International Diabetes Federation: IDF diabetes atlas, 2010. 
2. Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of body mass 

index among us adults, 1999-2010. JAMA 2012;307:491-7. 
3. Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS, Marks JS. Prevalence of obesity, diabetes, 

and obesity-related health risk factors, 2001. JAMA 2003;289:76-9. 

4. Kim F, Pham M, Maloney E, Rizzo NO, Morton GJ, Wisse BE, Kirk EA, Chait A, Schwartz MW. Vascular 
inflammation, insulin resistance, and reduced nitric oxide production precede the onset of peripheral insulin 
resistance. Arterioscler Thromb Vasc Biol 2008;28:1982-8. 

5. Bonner JS, Lantier L, Hasenour CM, James FD, Bracy DP, Wasserman DH. Muscle-specific vascular endothelial 
growth factor deletion induces muscle capillary rarefaction creating muscle insulin resistance. Diabetes 

2013;62:572-80. 
6. Kubota T, Kubota N, Kumagai H, Yamaguchi S, Kozono H, Takahashi T, Inoue M, Itoh S, Takamoto I, Sasako T, 

Kumagai K, Kawai T, Hashimoto S, Kobayashi T, Sato M, Tokuyama K, Nishimura S, Tsunoda M, Ide T, 

Murakami K, Yamazaki T, Ezaki O, Kawamura K, Masuda H, Moroi M, Sugi K, Oike Y, Shimokawa H, 
Yanagihara N, Tsutsui M, Terauchi Y, Tobe K, Nagai R, Kamata K, Inoue K, Kodama T, Ueki K, Kadowaki T. 
Impaired insulin signaling in endothelial cells reduces insulin-induced glucose uptake by skeletal muscle. Cell 

Metab 2011;13:294-307. 
7. Schram MT, Sep SJ, Kallen van der CJ, Dagnelie PC, Koster A, Schaper NC, Henry RM, Stehouwer CD. The 

maastricht study: An extensive phenotyping study on determinants of type 2 diabetes, its complications and 
its comorbidities. Eur J Epidemiol 2014;29:439-51. 

8. Minson CT, Berry LT, Joyner MJ. Nitric oxide and neurally mediated regulation of skin blood flow during local 

heating. J Appl Physiol 2001;91:1619-26. 
9. Houben AJ, Stehouwer CD. Retinal microvascular abnormalities: Can they predict future risk of 

hypertension? J Hyperten. 2009;27:2346-8. 
10. Delles C, Michelson G, Harazny J, Oehmer S, Hilgers KF, Schmieder RE. Impaired endothelial function of the 

retinal vasculature in hypertensive patients. Stroke 2004;35:1289-93. 

11. Stehouwer CD. Endothelial dysfunction in diabetic nephropathy: State of the art and potential significance 
for non-diabetic renal disease. Nephrol Dial Transplant 2004;19:778-81. 

12. Stehouwer CD, Fischer HR, van Kuijk AW, Polak BC, Donker AJ. Endothelial dysfunction precedes 

development of microalbuminuria in iddm. Diabetes 1995;44:561-4. 
13. Stehouwer CD, Lambert J, Donker AJ, van Hinsbergh VW. Endothelial dysfunction and pathogenesis of 

diabetic angiopathy. Cardiovasc Res 1997;34:55-68. 
14. Stehouwer CD, Smulders YM. Microalbuminuria and risk for cardiovascular disease: Analysis of potential 

mechanisms. J Am Soc Nephrol 2006;17:2106-11. 

15. Martin-Rodriguez JF, Cervera-Barajas A, Madrazo-Atutxa A, Garcia-Luna PP, Pereira JL, Castro-Luque J, Leon-
Justel A, Morales-Conde S, Castillo JR, Leal-Cerro A, Cano DA. Effect of bariatric surgery on microvascular 
dysfunction associated to metabolic syndrome: A 12-month prospective study. Int J Obes (Lond) 

2014;38:1410-5.  
16. Rossi M, Nannipieri M, Anselmino M, Guarino D, Franzoni F, Pesce M. Subcutaneous adipose tissue blood 

flow and vasomotion in morbidly obese patients: Long term effect of gastric bypass surgery. Clin Hemorheol 
Microcirc 2012;51:159-67. 

17. Karatzi K, Protogerou A, Kesse-Guyot E, Fezeu LK, Carette C, Blacher J, Levy BI, Galan P, Hercberg S, 

Czernichow S. Associations between dietary patterns and skin microcirculation in healthy subjects. 
Arterioscler Thromb Vasc Biol 2014;34:463-9. 

18. Rattigan S, Wheatley C, Richards SM, Barrett EJ, Clark MG. Exercise and insulin-mediated capillary 
recruitment in muscle. Exerc Sport Sci Rev 2005;33:43-8. 

19. Anuradha S, Healy GN, Dunstan DW, Klein R, Klein BE, Cotch MF, Wong TY, Owen N. Physical activity, 

television viewing time, and retinal microvascular caliber: The multi-ethnic study of atherosclerosis. Am J 
Epidemiol 2011;173:518-25. 

20. Anuradha S, Healy GN, Dunstan DW, Tai ES, Van Dam RM, Lee J, Nang EE, Owen N, Wong TY. Associations of 

physical activity and television viewing time with retinal vascular caliber in a multiethnic asian population. 
Invest Ophthalmol Vis Sci 2011;52:6522-8. 



Valorisation addendum 149 

 

21. Clark MG, Wallis MG, Barrett EJ, Vincent MA, Richards SM, Clerk LH, Rattigan S. Blood flow and muscle 
metabolism: A focus on insulin action. Am J Physiol Endocrinol Metab 2003;284:E241-58. 

22. Mozaffarian D, Afshin A, Benowitz NL, Bittner V, Daniels SR, Franch HA, Jacobs DR, Jr., Kraus WE, Kris-

Etherton PM, Krummel DA, Popkin BM, Whitsel LP, Zakai NA. Population approaches to improve diet, 
physical activity, and smoking habits: A scientific statement from the American heart association. Circulation 
2012;126:1514-63. 

 

 


