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mild intermittent hypoxia (MIH) exposure on metabolic health, in particular tissue-

men. In addition, we determined whether hypoxic exercise improved glucose 

homeostasis in overweight and obese men with impaired glucose metabolism. 

using adipose (AT) and skeletal muscle (SM) biopsies, as well as primary AT and SM 

in vitro cell models. In this section, the impact of the work described in this thesis will 

and applications of hypoxia exposure as a potential therapeutic strategy to improve 

metabolic health in obesity will be highlighted.

Societal relevance

Obesity is a major cause of morbidity and mortality worldwide, with more than 

1.9 billion and 650 million people being overweight and obese, respectively (1, 2). 

In addition, the global prevalence of obesity will increase drastically in the near 

future (3). For instance, it is estimated that the prevalence of obesity in the USA will 

increase to 51% of the total population (4). Since obesity is often accompanied with 

complications such as cardiovascular diseases, type 2 diabetes mellitus, cognitive 

decline, depression, obstructive sleep apnea syndrome, skin problems, asthma and 

several types of cancer (5-10), a forecasted further increase in obesity prevalence 

will pose a major public health challenge. In addition, improving metabolic health 

in obesity may also be an interesting approach from a socioeconomic perspective. 

Indeed, in European countries, it has been stated that on average 7% of their 

national healthcare budgets is spent on obesity-related complications, which 

substantially burdens national economies (11). Furthermore, in 2012, €1.6 billion, i.e. 

2.2% of total healthcare budget, was spend on overweight-related complications in 

the Netherlands (12), thereby hindering containment of healthcare costs. Therefore, 

alternative strategies to prevent or reverse obesity and related complications are 

urgently required. 

In the past decade, it has been postulated that tissue oxygen tension (pO
2
) 

may be a key determinant in cardiometabolic health in obesity (13, 14). Indeed, it 

had been found that abdominal adipose tissue (AT) pO
2
 was increased in obese 

(15), and appeared to be inversely correlated with peripheral insulin sensitivity, 

independent of adiposity and gender (16). Moreover, diet-induced weight loss 
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decreased AT pO
2
 in humans with overweight/obesity, which was accompanied 

2
 by mild hypoxia exposure may 

in human obesity. 

This thesis focused on the application of MIH exposure as an intervention 

2
 on various metabolic parameters 

like substrate utilization and insulin sensitivity. The outcomes of this study gained 

insight in the metabolic adaptations induced by MIH exposure in obesity. In addition, 

adaptations induced by hypoxia exposure in AT, SM and the gut, as well as in vitro 

AT and SM models. 

overweight and obese metabolically comprised individuals. Noteworthy, 4-day HE at 

as compared to normoxic exercise (NE). However, the reduced absolute workload 

results in less mechanical strain, and therefore may be a valuable approach for 

improving metabolic health in obese individuals with orthopedic comorbidities, 

such as elderly (18).

in vitro cell models. 

myotubes experiments. Interestingly, exposure to physiologically relevant oxygen 

levels (in situ hypoxia or normoxia) substantially altered myotube and adipocyte 

function, and gene/protein expression as compared to standard laboratory 

conditions (21% O
2
). This knowledge further underlines the importance of taking 

the physiological relevant oxygen levels of tissues from which cells originate into 

account, which may be implemented in a wide variety of in vitro cell culture models 

on regulation of gene expression, and found a wide variety of pathways being 

research meetings and symposia (Annual NUTRIM symposia, 2016-2019, Maastricht) 

and national (The Netherlands Association for the Study of Obesity, NASO spring 
meeting, 2018, Utrecht, Annual Dutch Diabetes Research Meeting, ADDRM, 2017-

2019, Oosterbeek) and international conferences (European/International Congress 
on Obesity, ECOICO2020 Diabetes and Metabolism Research 
Symposium
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community and medical specialists (i.e. clinicians and dietitians) on the potential 

role of tissue oxygenation in metabolic health in human obesity. In addition, the 

publication in international peer-reviewed journals.

The studies performed in this thesis are conducted in collaboration with several 

other research groups and institutes. For the in vitro cell culture experiments, we used 

the Roxybot technology developed by the Department of Radiotherapy (MAASTRO) 

of Maastricht University. In addition, we collaborated with Dr. Henrike Sell and Prof. 

Hadi Al-Hasani at the Institute for Clinical Biochemistry and Pathobiochemistry 

of the German Diabetes Center (Dusseldorf, Germany) to determine adipokine/

myokine secretion in human and in vitro samples. Furthermore, we performed 

microarray and gene set enrichment analyses in collaboration with Prof. Sander 

Eating & Food Innovation, Campus Venlo of Maastricht University, to determine the 

Further research is warranted to investigate variations in hypoxia exposure 

regimen, since it has been found that severity, frequency and duration of hypoxic 

exposure determine metabolic adaptations. In addition, a personalized strategy 

in obesity. In fact, we demonstrate that hypoxic exercise has the most pronounced 

greatest reduction in systemic saturation induced by hypoxia. Due to the inter-

the intervention by adjusting FiO
2
 according to the change in systemic oxygen 

saturation, thereby optimizing metabolic adaptations. Furthermore, it has previously 

been suggested that the metabolic phenotype may play a key role in the response 

to hypoxia, since obese individuals with worst baseline insulin sensitivity improved 

most upon mild hypoxia exposure (19). 

Commercial exploitation

The present results may be of interest to pharmaceutical companies in the 

 type 2 diabetes, cardiovascular and liver disease, since these chronic 

diseases are strongly associated with impairments in glucose homeostasis and 

dehydrogenase (PHD) inhibitors may be used to improve metabolic health, since 

both environmental hypoxia and PHD inhibitors stabilize hypoxia-inducible factor-

1  (HIF-1 ). Interestingly, several PHD inhibitors are currently used in clinical trials for 
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treatment of anemia in chronic kidney disease (CKD). The metabolic and molecular 

In addition, a non-pharmacological approach may be of interest for commercial 

exploitation. For example, the commercialization of an air-tight room, with an 

airlock system, in which nitrogen dilution can regulate the oxygen content, thereby 

this might be a costly innovation. Nevertheless, continuous positive airway pressure 

(CPAP) therapy, currently mainly used in the treatment of obstructive sleep apnea 

syndrome (OSAS), may provide a valuable alternative. OSAS is characterized by 

frequent hypoxic episodes during sleep, resulting in systemic oxygen desaturation. 

The positive airway pressure in CPAP prevents the upper airways from collapsing, 

thereby eliminating apnea and desaturation. Interestingly, if CPAP devices may 

be developed with nitrogen dilution capabilities, CPAP therapy may expose the 

individual to the desired oxygen content for inducing metabolic adaptations. In that 

way, hypoxia may be applied at home during the night. 

To conclude, this thesis provides information about the metabolic and 

on human studies and human primary cell culture experiments. In addition, this 

intensity exercise on glucose homeostasis in obesity. The results of this thesis may 

also be used to further  investigate variable hypoxic exposure regimens, as well as a 

personalized intervention using variable FiO
2

thesis may contribute to the development of alternative approaches for combatting 

obesity-related complications, other than traditional lifestyle interventions, and 

as such may be of interest for both academic and industrial scientists, as well as 

healthcare professionals. 
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