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Societal relevance 

 
Our modern Western lifestyle, hallmarked by an excess of food intake and lack of exercise, 

and characterized by low levels of 24h energy expenditure, presents us with an increase in 

patients with the metabolic syndrome. The metabolic syndrome is characterized by obesity, 

type 2 diabetes mellitus and cardiovascular disease. The prevalence of obesity has increased 

by almost 80%, from 7% in 1980 to a staggering 12.5% of the population worldwide in 2015 

with approximately 650 million people being obese (1).  Complications of obesity such as 

dyslipidaemia, type 2 diabetes mellitus and atherosclerosis are currently among the leading 

causes of death in the World with an estimated 19.5 million deaths for diabetes mellitus and 

cardiovascular diseases (2).  

 

In the Netherlands, a similar trend is occurring with an estimated 50,2% of inhabitants who 

are either overweight or obese (3), indicating that the Netherlands are not immune to the 

worldwide trends.  This is also seen in the high occurrence of patients with metabolic 

syndrome.  

 

To combat metabolic syndrome, it is highly relevant from a physiological perspective to find 

ways to counteract this diseases and to search for treatments and preventive measures.  In 

general, many interventions have been focused on improving glucose and lipid metabolism 

by using exercise and dietary restrictions. However, long-term adherence to exercise training 

programs and dietary regimes is generally poor, warranting the exploration of alternative 

strategies. One such strategy is cold exposure and the activation of brown adipose tissue 

(BAT). The discovery of functional active brown adipose tissue in adult humans in 2009 (4-6) 

boosted research for the treatment of metabolic syndrome.  

 

In this thesis, the use of cold exposure to mitigate insulin resistance in patients with T2DM 

was investigated. Additionally the effects of cold exposure with potential activation of BAT on 

post-prandial hyperlipidaemia were studied, which is of interest to reduce the risk of 

developing metabolic syndrome. In turn this would lead to a reduced chance of developing 

cardiovascular diseases such as myocardial infarction.  

 

Thus, cold exposure can be seen as an addition therapy to common lifestyle interventions. 

Cold exposure could also be an alternative for exercise for patients who have limited options 

for physical exercise. Finally, by applying lower temperatures in in buildings, a healthier 

indoor environment can be created for virtual all people, potentially reducing the chance of 

developing obesity or metabolic syndrome.  

 

Though the conditions tested in the studies of this thesis did not always show positive effects 

on metabolic health parameters, more research in this field is warranted to further develop 



 

  

metabolic therapies. Thereby, both a cold therapy and/or a healthier living environment can 

potentially be created, relieving the societal burden of diabetes mellitus and cardiovascular 

disease by reducing medication use, hospitalization rates, and the costs for society. 

 

 

Economic relevance 

 
Due to the increasing number of people with metabolic syndrome, dyslipidaemia and type 2 

diabetes mellitus, there is an increasing financial burden on society.  It is estimated that in 

2010 about 1.62 billion euros are spent on obesity alone, and approximately 1.14 billion euros 

on diabetes (7). Since the health care in the Netherlands is partially financed by the entire 

adult population, there are a number of healthy people who are also paying for the medical 

costs of the patients suffering from obesity and diabetes. It is therefore reasonable to 

investigate potential methods of reducing the health care costs. Nowadays, a healthy diet and 

physical activity are established alternative therapies against metabolic syndrome. However 

these therapies are often difficult to maintain for a prolonged period and might not be useful 

for everyone. This thesis is aimed at alternative therapies in the form a healthy thermic 

environment or cold exposure. We expect these alternative strategies to lead to a reduction 

in the number of patients with metabolic syndrome, in the costs of the health care system 

and the amount of medical leave.   

 

 

Practical Relevance 

 
As shown in this thesis we often make use of direct cold exposure using a water-perfused suit 

to investigate the effects on metabolic health. This kind of instruments can potentially be 

used for a cold therapy. In a daily-life situation this could be impracticable, as it would mean 

that people would have to commit to purchasing suits and the expensive and large cooling 

installation. Further research should thus be aimed at practical implementations, such as 

lowering heating in buildings, creating more dynamic indoor conditions, or developing cheap 

cooling instruments in order to (temporally) reduce ambient temperatures.  

 

A potential limitation is the expectation that participants often experience the temperatures 

used in this thesis as very cold and unpleasant. This could make maintaining these 

temperatures a challenge for the practical application. However, research points out that test 

subjects can adapt to the colder environments.   

 

Therefore the application of cold exposure should be done in an easy-to-use manner, such as 

cold exposure in normal living situations. This could be achieved for instance in our working 

environments, such as offices, or in our home situation, by lowering the thermostat in winter 



 

  

or using cooling during summer periods. Another option is the use of saunas or public bathing 

houses with cooling baths. A regular use of easily accessible and acceptable cold conditions 

could be used in addition to the existing lifestyle measures. 

 

 

Future research and hopes 

 
Based on the research presented in this thesis cold exposure leading to non-shivering 

thermogenesis can have positive effects on metabolism and health. However, the conditions 

studied in this thesis revealed marginal effects in obese patients with type 2 diabetes mellitus. 

It could be that a relatively short period of  mild cold exposure of 10 days may be too short to 

have any significant metabolic effects. It would be interesting for future research to look into 

the effects of prolonged exposure, as in several weeks or even months. This could be studied 

in an office environment perhaps were prolonged exposure could be tested in a larger 

population. Additionally, the cross talk between brown adipose tissue and other tissues such 

as liver and skeletal muscle needs further attention, as brown adipose tissue could have 

endocrine functions. This would include the secretion of hormones which can have metabolic 

effects in other organs. 

 

Furthermore, exposure to more extreme cold can be an interesting topic as the higher 

metabolic demand of shivering could have more effects when compared to only mild cold 

exposure. In the future this could perhaps lead to the development of new interventions to 

improve metabolic health in our obese society.  
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