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Valorization

With the studies presented in this thesis, we aimed to improve our understanding of 
the impact of nutritional interventions and aging on intestinal health. The knowledge 
we gained will be put into societal and economical perspective in this valorization 
paragraph.
The population is aging worldwide, although geographical differences exist (1). It 
was estimated that the number of individuals aged 65 years and older increases from 
617 million (representing 8.5% of the total world population) in 2015 to 1.6 billion 
(16.7% of the total population) in 2050 (1). The biological aging process contributes 
to age-related conditions such as frailty and (co)morbidity (2, 3). Collectively, this 
trend imposes an increasing challenge for society in terms of the burden on health 
care systems and economic consequences by increasing health care costs (1). 
Therefore, the World Health Organization (WHO) has decided that global action 
is urgently needed. Hence, the current decade (i.e. 2020-2030) is labeled as the 
‘decade of healthy aging’, with the opportunity to bring together governments, civil 
society, international agencies, healthcare professionals, academia, the media and 
private sectors. The goal is to improve the lives of older people, their families, and the 
communities in which they live by collaborative actions. At an individual level, elderly 
who experience these extra years of life in good health, continue to participate and 
are an integral part of families and communities. However, if the added years are 
dominated by poor health, social isolation or dependency on care, the implications 
for elderly overall are negative. At population level, this can be expressed as health-
adjusted life years (HALY), including quality-adjusted life years (QALY) and disability-
adjusted life years (DALY) (4). In the concept of healthy aging, the aim is to induce 
QALY gain and thereby limit DALY. Overall, this would improve quality of life of 
(vulnerable) elderly, and reduce health care costs. 
With the research presented in this thesis, we aimed to increase our understanding 
on aging and intestinal health, and tried to improve intestinal health by nutritional 
interventions. Optimizing dietary intake (i.e. quantity and quality) and thereby 
nutritional status in specific (elderly) populations can be one strategy to achieve the 
goals of the ‘decade of healthy aging’. However, several other aspects have to be taken 
into account as well. The impact of specific (nutritional) interventions differs between 
less developed and more developed countries, because of different standards and 
needs. In addition, fundamental domains of a healthy aging phenotype in lifestyle-
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based intervention studies should be included: physiological and metabolic health, 
physical capability, cognitive function, social well-being and psychological well-
being (5). Nutrition may directly or indirectly contribute to healthy aging via several 
of these domains. A multi-domain intervention approach should be considered with 
improvements in overall diet, physical activity, as well as psychological and social 
support. In addition, functional foods (i.e. foods or dietary components that may 
provide a health benefit beyound basic nutrition) have received increased attention 
in the past decades (6). Beneficial effects of functional foods have been shown 
in vitro and in animal studies, but evidence of (well-controlled) human studies is 
inconclusive. As dietary habits are largely personally and culturally determined, it 
remains challenging to induce major changes in consumers overall diet. Thereofore, 
functional foods are an interesting stategy to induce dietary changes and further 
improve healthy aging in general and/or specific domains.

Intestinal health is important as target to improve overall health and well-being 
in the general population as well as in elderly. An adequate intestinal barrier and 
immune function, as well as normal and stable intestinal microbiota are suggested 
to contribute to intestinal health (7-9). By definition, the intestinal microbiota can 
be modulated by probiotics and/or prebiotics intake. From the late 90s onwards, 
probiotics and prebiotics research increased rapidly, mainly driven by technological 
developments and commercial perspectives. To date, strong and consistent 
evidence is still lacking on beneficial intestinal and extra-intestinal health effects 
in general populations including elderly. With regard to the microbiome, reported 
effects are mainly limited to an increase of the administered probiotic strain, 
increased bifidobacterial counts and/or short-chain fatty acid levels. The latter 
are important for intestinal health by serving as energy substrate for the intestinal 
epithelium, reinforcement of the epithelial barrier, as well as having amongst others 
anti-inflammatory and anti-oxidative effects (10). As a result, the majority of filed 
health claims on probiotics and prebiotics improving intestinal health have been 
rejected by the European Food Safety Authority (EFSA). In this thesis, there was 
strong focus on the effects of probiotics and prebiotics on intestinal barrier function 
and the intestinal microbiota, as these were suggested to be perturbated in elderly. 
Our findings, however, indicated that two weeks synbiotic intake and four weeks 
(candidate) prebiotic intake does not translate into pronounced beneficial intestinal 
health effects in healthy adults and in healthy elderly. One explanation may be that 
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the populations we studied were too healthy to further improve the selected health 
parameters. Future intervention studies aiming to intestinal health should select 
more vulnerable subgroups of (frail) elderly, preferably by using biomarkers and/or 
based on the outcome parameters. Furthermore, we must acknowledge that there 
are still gaps in our understanding of the interactions between dietary components, 
the intestinal microbiota, as well as intestinal and extra-intestinal physiological 
functions. Depending on their chemical structure  (in case of prebiotics) and/or 
microbes included (in case of probiotics), physiological effects may differ. Thereby 
chosing the best prebiotic or probiotic to target specific mechanisms is challeging. 
Probiotics and prebiotics are widely available as dietary supplements and are 
incorporated in for example dairy products. Despite many efforts, the exact value of 
probiotics and prebiotics for health, for the society and for the economy remains to 
be determined. By increasing our understanding on a ‘healthy’ intestinal microbiota 
composition, in relation to intestinal microbiota metabolic activity, intestinal health 
and overall well-being, the impact of probiotics and prebiotics may expand as well. 
Other factors influencing the lack of evidence for potential benefit of probiotics and 
prebiotics include the large inter-individual variation in microbiota composition and 
the complexity of the overall diet (i.e. various different foods consumed over a given 
reference period) and consumer behavior (e.g. costs, taste, compliance).
The research projects described in this thesis were all performed in the setting of 
a consortium  and were partly funded by the government, Top Institute for Food 
and Nutrition (TIFN), and CarboKinetics program within the NWO Carbohydrate 
Competence Center partnership. Industrial partners contributed to these consortia 
via funding, knowledge exchange (e.g. in meetings and presentations), and by 
providing nutritional study products. As researchers, we acted independently with 
respect to study design and methodology, in performing the studies and in the 
analysis and interpretation of results, as well as the process of manuscript writing 
and publication. By these collaborations, government, industry, and academia 
performed pre-competitive research to study the impact of nutritional interventions 
in different populations (i.e. adults and elderly). This enabled us to set up and 
conduct comprehensive and expensive human studies. The study objectives 
were twofold: 1) to investigate the effects of aging on parameters of intestinal 
health and 2) to investigate the effects of nutritional interventions on parameters 
of intestinal health. Human intestinal barrier function, including the commensal 
intestinal microbiota and intestinal permeability, is largely maintained with healthy 
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aging. This is in contrast to previous findings in animal studies. Factors such as diet, 
medication use and co-morbidites are generally more complex in humans compared 
with animals, and vary substantially between individals as well as with aging. By 
taking into account such variation, we increase the knowledge on diverse (elderly) 
populations, and increase the scientific impact of our studies. Although the results 
of the nutritional intervention studies in this thesis in general are negative, most of 
the studies described in this thesis have been published in peer reviewed journals 
in the fields of gastroenterology and nutrition, and data are available for the public 
domain and the scientific community (11-14). We consider it important to publish 
negative findings to avoid publication bias. Our data contribute to a better, unbiased 
understanding of the implications of aging on intestinal health. This may help other 
groups in designing intervention studies to improve intestinal health, e.g. intestinal 
barrier function, either in diseased populations with known barrier dysfunction or in 
stressed healthy individuals with a stressor induced disruption in intestinal barrier. 
Such an approach will stimulate the development of interventional products which 
are better targeted towards the specific barrier related dysfunctions. 
To conclude, the research presented in thesis shows that intestinal physiology, 
including intestinal barrier function, and intestinal microbiota composition are 
largely maintained with healthy aging. Perturbations have been reported, but were 
mainly associated with frailty and  impaired health status. Therefore probiotics and 
prebiotics will have virtually no beneficial effects on largely preserved intestinal 
physiology and intestinal microbiota composition in populations of healthy adults 
and healthy elderly. Based on our interventions, we cannot draw conclusions on 
possible application of pre- and probiotics for the prevention of health problems 
as this was not part of the current set of investigations. Taken together, this thesis 
provides relevant information for researchers, for healthy elderly, for producers and 
consumers. 




