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Chapter 7

Human health is deteriorating with a rise in prevalence of non-communicable 
diseases (NCD’s).1 The fact that this high prevalence of obesity and NCD’s can have 
serious consequences became very clear during the COVID-19 pandemic of 2020, 
when individuals with obesity or NCD’s had more severe disease progression, 
causing a great burden on the national health systems.2–11 Important contributor 
underlying these diseases is an unhealthy lifestyle with improper nutrition, lack 
of physical activity or smoking. Improving lifestyle is therefore the first line of 
approach for prevention of NCD’s and identification of people at risk for developing 
NCD’s is important.12 Recognition of somatic and psychological symptoms as 
indicators of attracting a NCD are essential.13–18 Furthermore, dietary alterations 
that aim at improvement of those symptoms could potentially delay or even 
prevent development of NCD’s. An important modulator in this effect of lifestyle 
on health may be our gut microbiota. These bacteria can interact with our immune 
system and our brain and are influenced by lifestyle.19–28

Aim of this thesis
The aim of this thesis was to investigate various aspects of lifestyle on the 
prevention of NCD’s, with the emphasis on the effect of a change in dietary intake, 
its interaction with gut microbiota and the effect of work environment on health. For 
this purpose, several studies were performed. To understand the relation between 
change in dietary intake and markers of the metabolic syndrome a meta-analysis 
was performed with studies including subjects with obesity, and the metabolic 
syndrome (Chapter 2), but without clinically manifested cardiometabolic 
diseases. To understand the effect of a change in dietary intake on reduction of 
general somatic and psychological symptoms in the general population, an online 
intervention study was designed and performed called “Eten voor de Wetenschap”, 
(“Eating for Science”). In this study individuals were included who followed a self-
initiated dietary change, and reported on general symptoms (Chapter 3), and 
handed in faeces samples for analysis of their gut microbiota composition (Chapter 
4). The designed online intervention was also applied in Bakkeveen, a village in 
the municipality of Opsterland in eastern Friesland in the Netherlands, where 
aspects of “blue zone” principles were studied on general symptoms (Chapter 
5). To complement the view of the relation between daily lifestyle and health, the 
influence of shift work on general symptoms was investigated (Chapter 6). 

Summary of results of this thesis
In chapter 2 we found that consuming either a low-carbohydrate (LC) or a 
low-fat (LF) diet could lead to body weight loss and improvement of markers 
of MetS. Further meta-regression analysis showed a beneficial effect of fat and 
protein intake on body weight loss and improvement in markers of MetS, whereas 
carbohydrate intake had the opposite effect, irrespective of prescribed diet. In 
chapter 3 we showed that a four-week dietary change could reduce general 
symptoms and lead to body weight loss. This improvement in general symptoms 
was correlated to a reduction in intake of (ultra-)processed foods. Additionally, in 
chapter 4 we observed that several bacterial taxa changed in abundance, following 
a dietary change, with increase in Ruminococcus bircirculans being related to 
reduction in general symptoms. In chapter 5 we showed that implementation 
of a community-based lifestyle intervention resulted in significant body weight 
loss, reduction of general symptoms and improvement of different fitness related 
health parameters. In chapter 6 we observed that people working irregular shifts 
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have a lower resting metabolic rate (RMR) than people working regular day shifts, 
with sleep quality and physical activity being related to lower RMR. 

Body weight loss can be achieved by adhering to several diets
The first step to reduce the risk for development of NCD’s is to lose body weight.12 

In this thesis we showed that there are several lifestyle changes that result in body 
weight loss on the short-term or on the long-term. A change in dietary intake by 
reducing a single macronutrient, with a LC or LF diet, can both successfully induce 
weight loss in people with obesity (Chapter 2). When examining the dietary 
composition more closely, excluding diet categorisation, lower carbohydrate and 
higher fat and protein intake were correlated to body weight loss, independent of 
caloric intake. This relation between dietary macronutrient composition and body 
weight was also found in a relatively healthy population, even though body weight 
loss was not one of the aims (Chapter 3, 4 & 5). Additionally, people who ate the 
lowest number of calories and the most protein at the end of the intervention had 
lost the most body weight (Chapter 3). In contrast, body weight loss was found 
related to reduction in absolute fat intake when the blue zone principles were 
applied (Chapter 5).

Caloric intake was thus related to body weight loss, but the different outcomes 
may be explained by looking at short- and long-term effects. Body weight loss 
is mainly dependent of a negative energy balance.29 On the short term this may 
be achieved by reducing caloric intake and therefore energy intake, with physical 
activity and RMR, thus energy expenditure, staying similar. On the long-term, body 
weight loss may lead to a reduction in energy expenditure, due to the biological 
response to preserve body mass30, making a change in caloric intake not the only 
factor determining energy balance.29,31 Body weight loss is usually accompanied 
by a reduction in adipose tissue and consequently a reduction of circulating leptin 
levels, which can in turn lead to a reduction of sympathetic nerve activity, reducing 
energy expenditure.30,32 Also skeletal muscle efficiency may increase, whereby for 
the same amount of physical activity less calories are needed. Additionally, a shift 
in muscle fuel source from carbohydrates to fatty acids and muscle fibre type from 
fast to slow twitch fibres requiring less calories, may lead to a decrease in energy 
expenditure.30,33,34 

A change in macronutrient composition was found clearly related to body weight 
loss, both on the short and long-term, as well as in the relatively healthy population 
and in people with obesity. Reduced carbohydrate intake and increased protein 
intake have previously been shown to be correlated to body weight loss.35 Protein 
has been found to be very satiating, possibly due to the increased amino acid 
sensing by specific receptors in the gastrointestinal tract36,37, and the reduction 
in ghrelin levels.38 The reduction in carbohydrate intake that may be beneficial 
for body weight loss is most likely due to the specific reduction in mono- or 
disaccharides, because ultra-processed foods are highly enriched in this compared 
to non-processed foods. Unfortunately, sugar intake could not be determined in 
this thesis, therefore this hypothesis was not tested. Which type of carbohydrate 
is consumed may be of influence of how much people eat. Previous research 
showed that a meal containing mixed vegetables was more satiating than a 
meal containing white rice when both meals had the same content regarding 
macronutrients and calories.39 Also the previously mentioned added sugars may 
contribute to overconsumption of calories due to altered effects of glucagon-like 
peptide-1 (GLP-1), insulin40, and ghrelin compared to regular glucose.41,42 

  7

Thesis.indd   141Thesis.indd   141 11-12-2021   22:44:4311-12-2021   22:44:43



142

Chapter 7

The relation between body weight loss and fat intake was found to be inconsistent, 
with on the one hand increase in percentage of energy from fat being correlated 
to body weight loss (Chapter 2 & 3), while on the other hand reduction of total 
absolute fat intake was correlated to body weight loss (Chapter 5). This may 
be explained because increased fat intake can lead to stimulation of secretion 
of postprandial peptide YY, which is known to reduce appetite and/or increase 
satiety.43,44 However, besides reducing caloric intake, something else may be the 
cause for the found relation between lower absolute fat intake and body weight 
loss. When participants were educated on the blue zone characteristics, they were 
specifically told to stay away from snacks. Snacks are usually ultra-processed 
foods and contain mostly carbohydrates and fat, more specifically free sugars 
and saturated or trans-fats.45,46 This combination of sugar and fat is especially 
powerful in triggering overconsumption.42 These people possibly reduced their fat 
intake mostly from avoiding ultra-processed foods, thereby reducing their body 
weight since ultra-processed foods can lead to excess calorie intake.47 

This effect of (ultra-)processed foods on body weight loss could also be observed 
when analysing dietary intake based on dietary patterns, identified by principal 
component analysis. In the studies performed here, intake of (ultra-)processed 
foods may be represented by the Processed foods (Chapter 3 & 4), or Western 
style diet (Chapter 5) dietary patterns. In all studies a reduction in this dietary 
pattern was observed, meaning that the intake of (ultra-)processed foods reduced 
and/or the intake of fruit (and vegetables) increased, which was related to body 
weight loss. This is in line with previous research indicating that either a reduction 
in (ultra-)processed food intake or an increase in fruit and vegetable intake is 
related to body weight loss.47–49 Fruit intake was stronger correlated to long term 
weight stability than vegetables, due to the association of starchy vegetables and 
body weight regain.48

All in all, body weight loss can be achieved by increasing protein and fat intake and 
reducing carbohydrate and (ultra-)processed food intake in people with obesity as 
well as in people with a relatively healthy weight.

General somatic and psychological symptoms can be reduced by lifestyle 
changes
A possible way of reducing the risk for development of NCD’s is by reducing 
general somatic and psychological symptoms. Indeed, a self-initiated dietary 
change reduced both somatic as well as psychological symptoms (Chapter 3 
& 4). Associations between dietary intake and decrease in somatic symptoms 
were found, independent from body weight loss. Lower caloric intake and lower 
absolute fat and protein intake, which may in turn be related to the lower caloric 
intake, were related to less somatic symptoms. Reduction in (ultra-)processed 
dietary patterns were also related to decrease in somatic symptoms. This can be 
due to either the observed reduction in processed foods or the increase in fruit and 
vegetables. Potential mechanisms underlying this relation may be the increase 
of antioxidant compounds present in fruit and vegetables, which inhibit oxidative 
stress and thus could lower tissue damage and discomfort.50–52 Previously it 
has been found that individuals adopted to a diet with the lowest resemblance 
to a Western style diet, had the lowest number of psychosomatic symptoms.52 

Interestingly, individuals following a vegetarian or vegan diet do not always have 
lower levels of somatic symptoms53, therefore the absence of (ultra-)processed 
foods may the strongest denominator of less somatic symptoms than increased 
intakes of fruit and vegetables per sé. Body weight loss was also significantly related 

Thesis.indd   142Thesis.indd   142 11-12-2021   22:44:4311-12-2021   22:44:43



143

General discussion

to reduction in somatic symptoms, possibly due to the improvement of associated 
cardiometabolic functioning.54 In subjects with obesity it was shown that following 
10% weight loss, somatic symptoms improved substantially and reduction of pro-
inflammatory markers was related to a reduction in pain symptoms.55

Changes in psychological symptoms were not found directly related to changes in 
dietary macronutrient composition. However, changes in psychological symptoms 
were found to be related to alteration in dietary patterns. An increase in the Wheel 
of Five, a dietary pattern resembling the Dutch dietary guidelines56, was related to 
an increase in psychological wellbeing. This may be due to e.g. an increase in nuts 
or fish which contain beneficial (omega-3) fatty acids for cognitive functioning and 
mental health.57,58 Also an increase in fruit and vegetable intake may be beneficial 
for mental health.57 On the other hand a decrease in refined grain products or 
sugar sweetened beverages may have a beneficial effect, due to the association 
between high sugar intake and poorer mental health.59 Only in the group adopting 
the blue zone principles a correlation between reduction of psychological symptoms 
and reduction in Western style diet was observed, possibly also due to the focus 
on reducing snack foods. Also, only in this subgroup increase in physical activity 
was specifically encouraged, however in none of the studies physical activity was 
changed. Despite not being altered, regression analysis revealed that increase in 
physical activity was related to a reduction in psychological symptoms. 

One factor that should be kept in mind is the strong relation between psychological 
and somatic symptoms. At baseline we showed that people who have a large 
number of somatic symptoms also have a large amount of psychological symptoms 
or vice versa. This was also found in changes in these general symptoms (Figure 
1). Therefore, it may be that the dietary influence on somatic symptoms may also 
indirectly have an impact on psychological symptoms or the other way around. 
Due to the experimental design we were not able to show causality, but it is worth 

-50

-40

-30

-20

-10

0

10

20

30

-15 -10 -5 0 5 10
Δ Somatic symptoms

Δ 
Ps

yc
ho

lo
gi

ca
l s

ym
pt

om
s

0
20
40
60
80

Baseline psychological 
symptoms

Figure 1. Relation between changes in somatic symptoms and psychological symptoms, 
every point is a participant coloured according to their baseline psychological symptom 
score with higher scores indicating more complaints. The relation between the two can be 
summarised as: Δ psychological symptoms = -3.21 + 1.15 * Δ somatic symptoms. 
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noting that a change in one may provoke a change in the other. 

One aspect that may be of influence but was not investigated separately in this 
thesis, is the effect of sex on the biological factors possibly underlying development 
of symptoms. Obesity and chronic inflammation were found strongly correlated to 
somatic symptoms, especially in women.60 There may also be a sex moderating 
effect on the relation between depressive symptoms and cardiometabolic function, 
because in men there was a correlation between somatic symptoms and presence 
of markers of MetS, which was absent in women.60 In this thesis the difference 
between men and women with respect to general symptoms was not analysed due 
to the low number of men participating, although all outcomes were corrected for 
sex.

One of the participants characteristics that was separately examined was 
socioeconomic status (SES). Interestingly, baseline dietary patterns scores differed 
between SES groups, with subjects with high SES consuming more processed 
foods and/or less fruits and vegetables than those with low SES. This is contrary 
to what has been found before with members of lower SES being more likely to 
engage in comfort eating behaviour to reduce stress symptoms.61–63 It has to be 
mentioned that in the groups that were included no differences between baseline 
symptoms or changes in symptoms were observed.

To conclude, general symptoms can be reduced following several lifestyle changes, 
more specifically an increase in physical activity, decrease in processed food 
consumption and increase in fruit and vegetable consumption.

Markers of metabolic syndrome and presence of NCD’s in relation to 
lifestyle
The final investigated precursor of NCD’s in the present thesis are markers of 
MetS. These were also found related to changes in body weight and to changes 
in dietary intake (Chapter 2). In addition, a reduction in body weight was found 
to be related to a reduction in glucose levels, whereas lower carbohydrate and 
higher fat intake were related to reductions in diastolic blood pressure (DBP) and 
triglyceride levels, two markers of MetS. These results were found on the long-
term, but also on the short-term changes in lifestyle were related to changes in 
markers of MetS. A reduction in systolic blood pressure (SBP) and glucose levels 
was seen after just four weeks of adherence to the blue zone principles (Chapter 
5). However, due to the low participant number in which both markers of MetS 
and dietary intake were measured, no specific relations between the reductions in 
these markers and changes in dietary intake were observed.

Not only changes in lifestyle were related to markers of MetS, but also long-
term lifestyle was also found to be related to presence of markers of MetS. 
Several baseline measures showed that especially DBP and SBP were related 
to Western style diet intake, and higher DBP and SBP were related to a lower 
carbohydrate intake, and higher (saturated) fat, and protein intake. These results 
are in accordance with literature stating that high DBP and/or SBP are related to 
(ultra-)processed foods intake.64 However, it also has been shown that a high-fat, 
low-carbohydrate diet can reduce hypertension65, suggesting the source of the 
macronutrients may be more important than actual macronutrient composition. 

Markers of MetS can be influenced by lifestyle, but it is also interesting to investigate 
whether presence of markers of MetS or NCD’s can modulate the previously found 
effect of lifestyle on body weight and general symptoms. A disease-diet effect 
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was shown in individuals previously diagnosed with T2D or high BP (Chapter 3). 
There seemed to be a relation between presence of these diseases and smaller 
reductions in psychological symptoms. This is interesting because it could mean 
that symptoms can be improved to a greater extent in individuals without NCD’s 
when they follow a life style modification program than individuals with NCD's. It 
would emphasize that early intervention is more effective than intervening with 
lifestyle changes later in the presence of established disease.

Irregular working patterns and their effect on health
In this thesis also the relation between shift work and several health indices 
was investigated (Chapter 6). No direct differences in health could be observed 
between irregular shift and day shift workers, in contrast to previous research66,67, 
but it did give some idea as to where possible health problems originate. RMR 
was lower in irregular shift workers, although this was also partially due to the 
lower height and weight of the irregular shift workers. However, relative to RMR, 
shift workers had a higher caloric intake, meaning that they have a more positive 
energy balance than day shift workers. This was not translated to a difference in 
BMI between the groups, but as mentioned previously, on the long term a lower 
RMR and higher energy intake can lead to a positive energy balance and weight 
gain. Interestingly, physical activity in the irregular shift group did not increase 
RMR to the same extent as in the day shift group. Another interesting outcome 
observed irrespective of shift group, was the correlation between sleep quality 
and RMR, where individuals with poorer sleep quality having lower RMR, contrary 
to what has been found before.68 Although surprisingly in our study participants 
in irregular shifts appear to be well adapted to their working schedule as they did 
not have poorer sleep quality than those in day shifts, contrary to what has been 
found before.66,67,69 These results also highlight the effects of one of the principles 
of the blue zones lifestyle, namely to downshift. By sleeping well, people can 
reduce their stress and increase their RMR, resulting in health benefits.

Our tiny friends
One of the possible modulating factors in the observed relationships between 
prevention of NCD’s and lifestyle changes described above is the gut microbiota. 
Several bacterial taxa were found that may relate to abovementioned markers 
of prevention of NCD’s (Chapter 4). The first bacteria that may be related to 
prevention of NCD’s is the species Eubacterium rectale (phylum Firmicutes, 
class Clostridia, a short-chain fatty acid, SCFA, producer70). Higher abundance 
of E. rectale was found to be related to more psychological symptoms, and 
higher Processed foods intake after four weeks of dietary changes, without a 
direct association between Processed food intake and psychological symptoms. 
This makes E. rectale an interesting possible modulator between a reduction in 
Processed foods intake and reduction in psychological symptoms. E. rectale was 
also positively related to BMI and waist circumference, however it may be argued 
that this correlation is due to the relation between body weight and Processed 
food intake observed in chapter 3. However, the actual relation of E. rectale 
with NCD’s is unclear, as results found previously are contradicting our results. In 
patients with Alzheimer’s disease, a low abundance of E. rectale was observed, 
probably due to its anti-inflammatory properties.71–73 

The second interesting bacteria is the genus Ruminococcus (phylum Firmicutes, 
class Clostridia) of which an increase in Ruminococcus bicirculans was found 
to be related to reduction in psychological symptoms, whereas Ruminococcus 
bromii was decreased following the four-week intervention. Ruminococcus are 
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important for the degradation of resistant starch and was to be found increased 
after following a resistant starch diet.74,75 In the current study there was no direct 
correlation between changes in Ruminococcus abundance and dietary intake, but 
the combined result of R. bicirculans being related to psychological symptoms and 
R. bromii being changed after four weeks of dietary intervention indication that 
there is a role for Ruminococcus in the gut-microbiota-brain axis (MGBA). These 
results are interesting but again contradicting, since in patients with T2D or atrial 
fibrillation an increased abundance of Ruminococcus was observed.76,77 

Several other bacterial taxa were found related to health. For instance, an 
increase in the family Erysipelotrichaceae abundance related to a decrease in 
BMI. And reduction in waist circumference, was related to a reduction of the 
genus Oscillibacter and the family Oscillospiraceae. Interestingly, these results 
are not in line with what has been found previously in patients with NCD’s. In 
individuals with atrial fibrillation or obesity a depletion of Oscillibacter, among 
other microbial changes, and metabolic pattern changes were observed.77,78 
However, this is maybe explained because Oscillibacter was found to increase 
following an energy restricted diet75, in line with the reduction in energy intake 
we observed. In a mouse model of Parkinson’s disease improved motor function 
was correlated to higher Oscillibacter abundance.79 These taxa may not be directly 
related to prevention of NCD’s, but may indirectly modulate influence of lifestyle 
changes. Generally used microbial markers of health, such as alpha-diversity or 
Firmicutes/Bacteroidetes ratio were not related to general symptoms or weight 
loss in the current research, perhaps questioning their usability as a marker in a 
relatively healthy population.

These results together show that modulating effect of gut microbiota on lifestyle 
effects and prevention of NCD’s may be observed, however, the largely individual 
gut microbiota composition may contribute to the discrepancies between the results 
found here and in literature. Specific changes may differ upon dietary changes due 
to the individualized gut microbiota.80,81 Therefore, it is worth investigating the 
influence of baseline gut microbiota composition with respect to health outcomes 
found after a lifestyle intervention.

In this thesis taxonomy of the gut microbiota was examined, however, but what 
about their functionality? While there are large taxonomic differences of gut 
microbiota between individuals, which we also found in this thesis, further analysis 
of metabolic pathways of these compositions is probably of more importance. 
Previous analysis revealed a large overlap of metabolic pathways (82%) among 
bacterial species, indicating that even though specific species may change, this 
does not mean that the functionality of the gut microbiota changes.82 

The relation between gut microbiota composition and an irregular sleep/work 
pattern was not investigated in the present thesis. Other studies observed that 
disrupted sleep patterns were related to altered gut microbiota and promoted 
inflammatory response possibly inducing metabolic stress.83,84 In the study 
identifying health indices in individuals working day or irregular shifts (Chapter 
6), no gut microbiota analysis was performed and in the study identifying gut 
microbiota composition before and after dietary changes, work/sleep rhythm was 
not taken into account. Because they may also influence one another, it may be 
worth in future to measure these factors simultaneously.
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General considerations overviewing this thesis

Why are (ultra-)processed foods related to health problems?
One of the most striking and consistent results of this thesis is the clear relation 
found between intake of (ultra-)processed foods, general symptoms and body 
weight (Chapter 3 & 5). There are several possible mechanisms underlying these 
relations. The palatability of (ultra)processed foods may lead to overconsumption 
and consequently excess calorie intake.47,85–87 However, this adverse correlation 
was also shown when no apparent effect of caloric intake was observed. Ultra-
processed foods may also have an addictive character, with level of processing being 
found as an important predictor for whether food was associated with addictive-
like eating behaviour.88 Interestingly, individuals with a higher BMI experienced 
ultra-processed foods to induce more addictive-like behaviour than individuals 
with a lower BMI.88 The food content was also found to be related to addictive like 
eating behaviour, more specifically higher fat content and higher glycaemic index 
(GI).88 In foods with a higher GI, the rate at which carbohydrates are absorbed 
is higher than in foods with a lower GI. It has been suggested that foods with a 
higher GI may be capable of activating the reward-related neural pathways in 
the brain, increasing craving and hunger leading to overeating.88–92 GI was found 
to be more predictive than sugar or total carbohydrate content of a food of the 
addictive-like eating behaviour.88 The addictive effect of fat, possibly due to the 
enhanced palatability in the mouth and activation of somatosensory brain regions, 
was independent of how much individuals reported consuming fat in addictive-like 
way.88,93,94 Especially the combined intake of sugar and fat have been found to 
lead to weight gain, due to the increased palatability, however, the combination 
of fat and sugar does protect against withdrawal symptoms from excess sugar 
consumption in rats.42,95 Another component of ultra-processed foods that may 
have health consequences is the salt content. Salt has been seen to increase 
cancer risk, whereas fibre, which is low in ultra-processed foods, reduces cancer 
risk.96,97 This relation was found to be significant independent from BMI.86 

The last components having health consequences may be additives or contaminants 
found in ultra-processed foods. The problem with additives and contaminants 
is that the individual effects on health are studied, but it is largely unknown 
what the combination and cumulation of these compounds does to health.86 

Single compounds that have been investigated are e.g. titanium dioxide (TiO2), 
acrylamide, or bisphenol A. TiO2 is a common food additive, but has been classified 
by the World Health Organisation as possibly carcinogenic to humans.98 The same 
is true for contaminants formed after heating, e.g. acrylamide, which has been 
classified as genotoxic by the European Food Safety Agency.99 Also bisphenol A is a 
possible contaminant from plastic packaging having adverse health effects, it may 
be involved in development of several NCD’s linked to endocrinal disruptors.100 

However, there might be another explanation. One of the reasons why ultra-
processed foods may be unhealthy, has to do with the gut microbiota. Our gut 
microbiota needs proper nutrition for functioning. There are two subsets of gut 
bacteria, one can degrade mucus for extraction of energy, while the other can 
both degrade mucus and dietary fibres. Dietary fibres are complex carbohydrates 
and the major energy source for colonic bacteria.101 These microbiota-available 
compounds (MAC’s) are decreased in the Western style diet as a result of food 
processing102, making it more difficult for MAC feeding bacteria to obtain sufficient 
nutrients, influencing the gut microbiota composition and/or metabolic pathway.103 
Also short-chain fatty acids (SCFA’s) play an important role in health and the 
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MGBA and are reduced in populations consuming a Western style diet.20,103

It has also been found in mice that adding non-caloric artificial sweeteners 
(NAS), such as saccharin, sucralose or aspartame to water resulted in glucose 
intolerance, with saccharin having the largest effect, whereas water with glucose 
or sucrose (which are natural sweeteners) did not have this effect.104 The use 
of antibiotics, targeting both gram-positive and gram-negative bacteria could 
abolish these effects, indicating that the gut microbiota play a role in the glucose 
intolerance.104 Additionally, faecal transplantation showed that the gut microbiota 
from the saccharin drinking mice could result in glucose intolerance in the control 
germ-free recipient mice.104 Observed changes in composition were increased 
abundances in Bacteroides genus and the Clostridiales order.104 In humans it 
was found that long-term NAS consumption was correlated to increased weight, 
fasting blood glucose, and HbA1c.104

Plant-based versus animal source foods
One of the dietary changes of interest was that of plant-based and animal 
source foods. This balance between plant-based versus animal foods has been 
the centre of recent debate, stating a shift towards consumption of plant-based 
foods is needed for health improvement, but also for ecological/environmental 
purposes.105,106 In the Bakkeveen study, reduction of animal foods and increase 
in plant-based foods was recommended, but also in the main study an animal 
versus plant-based food dietary pattern was identified (Chapter 3). Interestingly, 
around half of participants increased their plant-based food intake, whereas the 
other half decreased it. From a health point of view there were no correlations 
observed between changes in animal or plant-based foods and change in general 
symptoms. Therefore, based on these results we cannot state whether a more 
plant-based diet can possibly contribute to prevention of NCD’s, contrary to what 
has been found before.107 However, a relation between increased BMI and higher 
Animal source foods intake at baseline was observed. This may be due to the 
observed correlation of Animal source foods intake with Processed foods intake 
or the higher fat intake associated with Animal source food intake. This is in 
accordance with the finding that a vegan diet lowered body weight more than 
a low-fat diet.108 Interestingly, in a recent meta-analysis, no association of a 
vegetarian diet was found with a lower risk of MetS, compared to an omnivorous 
diet.109 Individual components, such as SBP, DBP, HDL-cholesterol, and fasting 
glucose were found improved on a vegetarian diet.109

An important point regarding plant-based foods is its increased availability in plant-
based dairy and meat replacements. These can be considered as (ultra-)processed 
foods, based on the classification by Monteiro et al.45 In this study vegetarian 
meat replacements were taken into account, with a positive association to the 
Processed foods pattern and thus positive correlation with general symptoms, and 
a positive association to the Wheel of Five pattern, and thus a negative correlation 
with general symptoms. It’s effect on health, based on these dietary patterns, 
is thus both positive and negative. Analysis of the change in these vegetarian 
meat replacements and change in psychological (p=0.86) and somatic symptoms 
(p=0.09) revealed no significant correlation after correction for change in physical 
activity, change in BMI, age and sex (Figure 2). The effect of plant-based dairy 
drinks on health was not researched in this thesis, but these are also considered 
processed foods. Interestingly a study has been performed examining the effect 
of long term healthy or unhealthy (processed) plant-based foods and animal 
foods consumption on T2D risk. Unhealthy plant-based foods, such as fruit juices, 
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sugar-sweetened beverages, refined grains, or potatoes, and animal foods were 
related to an increased risk for T2D, whereas healthy plant-based foods, such as 
whole grains, fruits, vegetables, nuts, legumes, vegetable oils, and tea/coffee, 
were related to a decreased risk for T2D.110 It would therefore be interesting to 
investigate more specifically what the health effects of processed and unprocessed 
animal and plant-based foods are, since in the previously mentioned study, no 
differentiation between processed or unprocessed animal foods was made.

Although in this thesis, the Animal source foods pattern was associated with a 
high protein intake (Figure 3), plant products can be a source of proteins too. 
Because proteins are essential for bodily functions, sufficient protein intake is 
vital.111–113 The ratio of animal to plant protein was found to be positively related 
to homeostatic assessment for beta-cell function, meaning that beta-cells function 
better regarding glucose tolerance. Additionally, higher average plant protein 
intake and lower HDL cholesterol levels were significantly correlated114, as well as 
higher average animal protein intake and lower triglyceride levels111, or increased 
triglycerides levels after one week of consuming mostly plant proteins compared 
to animal proteins.114 This indicates that plant-proteins not necessarily have to 
be healthier than animal proteins. Also age is an important factor in influence of 
protein. Between the ages of 50 and 65 there are indications that high protein 
intake may increase overall mortality. This was the case with animal proteins, 
but not with plant-based proteins.112 In subjects above 65 higher protein intake 
is correlated to reduced cancer and overall mortality.112 Also insulin and glucose 
responses are affected differently to different sources of protein. Whey protein 
leads to more substantial insulin and glucose responses than the potato and rice 
plant-derived proteins with lower glucose and insulin responses for rice and potato 
proteins. Especially potato protein maintained a better glycaemic regulation 
compared to whey.115 With regards to prevention of NCD’s a meta-analysis showed 
that after substitution of animal protein with plant protein, modestly reduced levels 
of LDL-C, non–HDL-C , and Apo-B were observed.116 Lastly, it has to be noted that 
although protein intake differs between meat eaters, fish eaters, vegetarians and 
vegans, the plasma concentrations of different amino acids are not as different 
as the intakes between groups.117 This indicates that there may be some sort of 
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regulatory effect regarding protein intake and the resulting amino acid plasma 
concentrations.

Although it was not observed in this thesis, plant-based and animal products can 
influence gut microbiota composition. Previously it was shown that consumption 
of healthy plant and animal based foods were related to a very different gut 
microbiota composition than consumption of processed plant-based and animal 
foods.118 Also amino acid content may influence gut microbiota differently. Casein 
and other dairy proteins are the most efficient protein source preventing obesity, 
having a high content of branched chain amino acids (BCAA), possibly impacting 
gut microbiota.81 BCAA supplementation has been show to delay age-associated 
changes in gut microbiota in mice.81,119

Lifestyle education
Throughout the studies in this thesis the aspect of education on lifestyle has not 
been specifically investigated, but is of major importance for the execution of the 
self-initiated dietary changes. Since there was no (financial) reward, participating 
individuals were intrinsically motivated to change their dietary intake, and could 
therefore have more interest and knowledge of food. Which changes they applied 
to their habitual diet was based on their knowledge of what a healthy dietary 
choice would be. We did provide them with several options for a change in dietary 
pattern, which some of them used, but mostly they relied on their own or their 
environment’s idea of a healthy diet. The changes in general symptoms seen in 
this thesis indicated that their knowledge on healthy diet change was apparently 
sufficient to improve their health, mainly by reducing the processed foods and 
snacks and consuming more fruit and vegetables. However, when assessing the 
habitual intake of the general Dutch population it can be concluded that even 
though most people roughly know what the recommended diet is, only half of 
them follow it. 

To achieve health improvements in the Dutch population, more education on a 

Figure 3. Pearson’s r rank correlation coefficient plot of dietary patterns from chapter 3 
and macronutrient content.
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healthy diet and lifestyle is needed. Seeing what the (in some cases small) changes 
in habitual diet could do for the participants in the current study, there is a lot to 
gain from a health perspective in the general population. By educating on a healthy 
lifestyle (Chapter 5), improvements in health can be observed after just a few 
weeks. People are often unaware how unhealthy some of the foods they are eating 
are. It is made even more difficult by the enormous amount of interest there is 
in diet and the recurring new diets that are in fashion.120 For many of these diets 
there is scientific evidence whether they work or not and this knowledge should 
be made more easily available to the general public. Science communication in 
combination with lifestyle medicine, should become a more important goal on its 
own. There is ample scientific knowledge on what a healthy habitual diet should 
incorporate, but during the past four years it became clear to me that the practical 
application of these habits is difficult for a large part of society. Helping people 
incorporate healthy dietary habits can have a major effect on health. The problem 
here is the ‘habitual’ part. Because the Eten voor de Wetenschap study was only 
short-term and long-term measurements in Bakkeveen were missing due to the 
COVID-19 pandemic, it is difficult to say something about the diet and relation 
with general symptoms and possible development of NCD’s on the long-term. For 
a long-lasting effect of diet or lifestyle on health, these changes should become 
new habits.121

Which foods are healthy, and which should be avoided based on scientific knowledge 
should be made more clear to the public. Lifestyle medicine should also be more 
broadly applied to improve health in society, with a focus on making changes in 
diet intake new habits. It has to be mentioned that education on nutrition does 
not always result in healthy eating habits, but it is a prerequisite for making better 
dietary choices in the current food environment.87,122

Prescribing versus following a diet
This thesis shows that there are differences between the prescribed diet and 
the diet that is actually consumed. The studies that were included in the meta-
analysis of chapter 2 used different methods of measuring dietary intake but did 
not take adherence to the diet into account when analysing the data. Analysing 
the prescribed LC and LF diets as was done in those studies, revealed that 
both diets could have beneficial effects on markers of MetS, independent from 
prescribed diet. Analysis of actual dietary intake revealed correlations that were 
not observed when analysis was done based on prescribed diet. When looking 
at actual dietary intake, two approaches were used, namely looking at a change 
in dietary composition and looking at final dietary composition. As previously 
described, final dietary intake was more predictive of changes in outcomes than 
changes in dietary intake on several occasions. This may be due to differences in 
baseline diet, since changes in dietary intake do not take individual baseline diet 
into account, whereas final intakes are not related to individual baseline diets. 
That this may influence outcomes was shown in a study examining the baseline 
intakes of dairy, fruit and vegetables before applying the Dietary Approaches 
to Stop Hypertension (DASH) intervention.123 It was observed that individuals 
whose baseline intake of dairy was already high (low-fat dairy is a component 
of DASH), actually lowered their dairy intake, which was related to lower body 
weight loss and lower reduction in blood pressure. Those furthest away from the 
DASH pattern, with low baseline fruit and vegetables and dairy intakes, profited 
most from switching to the DASH pattern.123 This shows that when prescribing a 
diet or self-initiating dietary changes, with assessment of dietary intake before 
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and afterwards, a lot more information can be obtained for the same individuals 
than is currently usually done. 

Future prospects
Throughout this discussion several points of interest for future research have been 
mentioned. In addition, future projects should focus more on making new habits 
from dietary changes and lifestyle changes, as was done currently in the Bakkeveen 
study. To do that, prior knowledge of participants should be assessed. Further, they 
need to be educated on healthy lifestyle habits and they need practical examples 
of how to incorporate these habits into their lifestyle. For instance education on 
food preparation and cooking can already lead to improved lifestyle, because 
home-cooking is associated with better diet quality and reduced ultra-processed 
food intake.87,124,125 It would also be interesting to investigate what keeps people 
motivated adhering to their new lifestyle. They can simply be informed of their 
health status, which was done in chapter 3, 4 and 5, they can be given feedback 
on their behaviour via e.g. a smartwatch, or they can be rewarded for their 
behaviour using gamification. To identify which feedback approach would work 
best, markers should be identified. By measuring personality, metabolic markers, 
baseline diet and lifestyle, and preferences, a personal approach may achieve 
great results. In this way the lifestyle of the Dutch, as described previously can 
be improved and can meet national guidelines thereby decreasing or slowing the 
development of NCD's. 

Overview at a glance
Throughout this thesis relations between dietary intake, general symptoms, 
energy balance, gut microbiota, work and living environment were studied. The 
results together with those found in literature are graphically depicted in Figure 
4. Shift work was found to be related to lower RMR in this thesis while in literature 
the relation between shift work and increased BMI was found. A change in dietary 
intake can result in a reduction of energy intake. Additionally, a change in dietary 
intake may influence gut microbiota composition. Lastly, a change in dietary 
intake was related to reduction of psychological and somatic symptoms. The most 
significant change in dietary intake that showed these effects was the reduction 
of (ultra-)processed foods and increase of fruit and vegetables. Different bacteria 
were found to be correlated to changes in general symptoms. In literature it 
has been noted that gut microbiota also is related to energy balance and BMI 
regulation. Reduction of energy intake was found to be correlated to body weight 
loss. Lastly, education of people on the blue zone principles resulted in altered 
dietary intake, weight loss and improvement of general symptoms and several 
fitness parameters.

Final remarks
NCD’s are on the rise and by reducing body weight, general symptoms and 
markers of MetS the development of these diseases may be postponed or even 
prevented. While inadequate nutrition and little physical activity increase the 
risk for development of NCD’s, lifestyle improvements may reduce this risk. In 
this thesis it was shown that prescribing LC as well as LF diets to subjects with 
obesity can result in health improvements, however the extent to which health is 
improved depends on actual dietary intake. Dietary changes can reduce somatic 
and psychological symptoms and induce weight loss, particularly a reduction 
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in processed foods intake and increase in fruit and vegetables. Gut microbiota 
composition is altered after dietary changes, and is related to dietary intake and 
general symptoms, with a possible modulating effect of the genus Ruminococcus 
and species E. rectale. Education of motivated individuals on the principles of 
the blue zones in a community-based lifestyle intervention can lead to dietary 
changes, weight loss and improvement in general symptoms and fitness. Lastly, 
working in irregular shifts is associated with having a lower RMR, with an increase 
in physical activity not being able to increase RMR to the same extent as in day 
shift workers.

Taken together, these results show that dietary changes can indeed reduce the 
risk for development of NCD’s and that the gut microbiota may play a modulating 
role in this relation. However, due to the highly individualised gut microbiota 
composition, it is difficult to specifically determine these effects. Education of 
healthy lifestyle characteristics can also influence the risk for development of 
NCD’s, whereas work environment may have an unfavourable influence on health. 
Future studies should not only take prescribed diet into account, but also actual 
dietary intake. To get more insight into the role of the gut microbiota in the 
relation between diet and health not only taxonomy, but also metabolomics should 
be examined, possibly reducing the influence of the highly individual composition. 
Measurement of different bio-metabolic markers can shed more light on the 
mechanisms behind found correlations and possibly leading to a more personalized 
diet or lifestyle advice.

Figure 4. Graphical summary of relationships between shift work, dietary intake, lifestyle 
education, energy balance, body weight, gut microbiota composition and general symptoms 
found in this thesis and in literature. Green and blue arrows correspond to the changes found 
in the current thesis, black arrows correspond to the correlations found in this thesis and 
dotted arrows represent correlations found in literature. Figure created in BioRender.com
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Advice for the general public
• Both low-carbohydrate and low-fat diets can result in health improvements, 

but irrespective of type of diet lower carbohydrate intake and higher fat and 
protein intake showed the best results, independent from caloric intake.

• A self-initiated change in diet can reduce somatic and psychological symptoms 
and induce weight loss, particularly when reducing consumption of (ultra-)
processed foods and increasing consumption of fruit and vegetables. Home 
cooking and attention to dietary intake itself, may raise awareness of one’s 
diet and improve the quality, subsequently improving general health. 

• Education of a community on healthy lifestyle behaviours can result in weight 
loss, improvement of health and fitness. Nudging of healthy behaviours 
and education should be the first step in improving health. Reminders are 
necessary to help sustain healthy behaviours.

• The gut microbiota composition is altered by dietary changes and they are 
related to somatic and psychological health. The general public should take 
care of their gut microbiota by eating more non-processed foods containing 
nutrients for their gut microbiota. If you are kind to your microbiota, they 
will be kind to you. 

• Working in irregular shifts is associated with having a lower RMR, which is 
more difficult to increase with physical activity than when working regular 
day shifts. When working in irregular shifts, people should be aware of this 
possible reduction in RMR and adjust dietary intake accordingly. People should 
also try to refrain from eating processed quick foods during the night shifts.
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