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Oral health is a neglected area of global health and 
has traditionally registered low on the radar of na-
tional policy makers. Dentists have also taken little 
interest in advocacy to promote good oral health, 
preferring to treat rather than prevent oral diseas-
es. And, because poor oral health affects morbidi-
ty more than mortality, governments have viewed 
oral conditions as less important than other, more 
life-threatening diseases.
Yet, globally, the burden of major oral diseases and 
conditions is high. Dental caries is one of the most 
common chronic diseases worldwide. 90% of peo-
ple have had dental problems or toothache caused 
by caries, and in low-to-middle income countries 
most caries remains untreated. Severe periodontitis 
affects 5 – 15% of most populations. Oral cancer is 
the eighth most common cancer worldwide and the 
most common in men in southeast Asia. 
But training more dentists and building dental clin-
ics (the western curative model of care), is costly 
and unrealistic in most low-income and middle-in-
come countries. Prevention of oral disease is there-
fore key, largely possible, and should be a routine 
part of other health professionals’ work.
The daily use of fluoride is the most cost-effec-
tive, evidence-based approach to reduce dental 
decay. Water or salt fluoridation are possible pop-
ulation-wide approaches, but their implementation 
depends on the development and infrastructure of 
the country as well as political will and communi-
ty acceptance. Promoting the daily use of effective 
fluoride toothpaste is a more realistic strategy but 
its cost prohibits its widespread use in many low-in-

PREVENTION beats INTERVENTION

Marcel J. Scacchi 
Executive Director of AVOLA

come and middle-income countries. Governments 
can remove taxes on fluoride toothpaste, which in 
some countries represent up to 50% of the product's 
price, and they can work with manufacturers to pro-
duce lower cost toothpaste. 
Policies that address the risk factors for oral dis-
eases, such as intake of sugars, and tobacco use, 
can also be implemented, especially because these 
moves will help reduce chronic diseases. Oral dis-
eases and chronic diseases, such as cardiovascular 
diseases, cancer, chronic respiratory diseases, and 
diabetes share many common risk factors.
Promoting good oral health could also help coun-
tries to achieve child-related development goals. 
Caries can negatively affect a child's ability to eat, 
sleep, and do schoolwork. Preliminary studies have 
suggested that dental caries, and related pain and 
sepsis might contribute to undernutrition and low 
weight and height in children in developing coun-
tries. In developed countries, studies show that 
when dental caries are treated, children start to put 
on weight and thrive. Oral pain is also one of the 
most common reasons for school absenteeism.
Preventing oral disease is important and achievable. 
Evidence-based, simple, and cost-effective preven-
tive approaches exist, but they need to be rigorously 
promoted and implemented. Professionally, health 
workers, including physicians, nurses, pediatricians, 
and pharmacists can all deliver prevention messages 
about the use of fluoride and the risk factors for oral 
disease. Political, commitment is needed to integrate 
oral disease prevention into programs to prevent 
chronic diseases and into public-health systems. 
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The Spirit 
of Bern

Author — Marcel J. Scacchi

The biggest concern of the Swiss was the topic of  
the 10. Spirit of Bern. The anniversary edition  
on 27 February dealt with the current crisis in the 
healthcare sector and highlighted the reasons  
for the cost growth. The focus was on innovative  
solutions and new care models.
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The biggest concern of the Swiss was 
the topic of the 10. Spirit of Bern. The 
anniversary edition on 27 February dealt 
with the current crisis in the healthcare 
sector and highlighted the reasons for 
the cost growth. The focus was on inno-
vative solutions and new care models.

Prof. em. Dr. Daniel Buser (far left), 
Chairman of the Board of Trustees of 
the Spirit of Bern, was pleased that a 
varied, top-class program was put to-
gether again this year. More than 60 
speakers took a stand on various topics, 
led by the Minister of Health, Elisabeth 
Baume-Schneider.
 
Premium increase of 146 % in  
15 years
Many Swiss hospitals are doing so bad-
ly financially, that they can no longer 
stand on their own feet. At the same 
time, premiums for policyholders have 
been rising incessantly since 1996. 
While the “average premium” was still 
around CHF 1,539 per year in 1996, it 
had risen to CHF 3,788 by 2021, an in-
crease of 146 percent.

It seems that there is no decline in pre-
mium growth in sight, as healthcare 
costs will continue to rise in the future. 
This is caused by the further increase 
of costs in medical progress and the as-
sociated expansion of the catalogue of 
benefits in basic insurance. New medi-
cal treatments such as immunotherapy 
and gene therapies in oncology, the use 
of high-resolution imaging techniques 
are costly. But they allow not only bet-
ter treatment of existing patients, but 
also the treatment of more patients. 
This part of the cost growth certainly 
has broad legitimacy.
 
What solution strategies are 
available?
There is potential for savings in unnec-
essary services such as laboratory tests 
for asymptomatic patients or elective 
procedures, which are carried out ex-
cessively in Switzerland. However, this 
requires solving the structural incentive 
problems in the Swiss healthcare system.

The “Spirit of Bern”,  
that’s where health professionals,  

politicians and entrepreneurs  
meet – a potential role-model  

for AVOLA.

 
In summary, it can be stated that there 
are already many concepts (electronic 
patient record, digitization of adminis-
tration / processes, etc.) and measures 
around, that have already been imple-
mented (Care@Home, use of generic 
drugs, integrated care concepts such 
as Réseau de l’Arc, etc.), but they must 
be coordinated much better in order to 
avoid resource losses, leading to cost 
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¹ �average of all premiums actually paid across all insurance 
models and deductibles

savings more quickly. With its federal 
structure, staff shortages and a general 
high-cost pressure, Switzerland will be 
extremely challenged in the future. 
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Food for Thought: 
How Nutrition 
Shapes Mental 
Health

Author — Dr. Timur Liwinski

The connection between nutrition and mental health 
is gaining recognition, with evidence showing that  
traditional diets rich in whole, minimally processed 
foods and emerging approaches like ketogenic meta-
bolic therapy (KMT) may offer protective and ther-
apeutic benefits for mood disorders, anxiety, and 
depression. By balancing nutrients that support brain 
function, reducing inflammation, and improving  
gut health, these dietary strategies hold promise for 
advancing mental well-being.
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In the realm of psychiatry, we find our-
selves at a crucial juncture. The pre-
dominant paradigm, heavily reliant on 
pharmacotherapy, has yielded but mod-
est advancements in tackling the perva-
sive challenges of mental health world-
wide [1]. Acknowledging the intricate 
web of factors that shape mental health, 
a growing body of persuasive evidence 
underscores the pivotal role of nutri-
tion in the emergence and course of 
mental disorders. Begdache et al. under-
scored the intricate interplay between 
mental well-being and healthy lifestyle 
practices – a self-reinforcing loop where 
poor habits erode mental health, which 
in turn weakens the resolve to adopt 
healthier choices [2]. Beyond diet as a 
whole, deficiencies or imbalances in 
key micronutrients can subtly yet pro-
foundly shape mood and mental health 
[3]. This recognition beckons a funda-
mental shift: psychiatry must regard 
diet with the same gravity that cardiol-
ogy, endocrinology, and gastroenterolo-
gy have long afforded it [4]. This reali-
zation compels us to widen the lens of 
psychiatric practice, acknowledging nu-
trition not as a peripheral concern but 
as a fundamental pillar of mental health 
– one that demands thoughtful integra-
tion alongside traditional interventions 
[5]. Emerging evidence points to poor 
nutrition as a silent accomplice in the 
onset and course of mental disorders – 

undermining both treatment and recov-
ery [6]. The International Society for 
Nutritional Psychiatry Research calls 
for embedding nutritional medicine 
into mainstream psychiatry – urging re-
search, education, policy, and advocacy 
to drive this essential shift [7]. Yet, this 
integration faces hurdles, as both men-
tal health and nutrition are intricate, 
multifaceted domains – resisting simple 
solutions [8]. The research communi-
ty is increasingly focused on food as a 
variable influencing mood and mental 
health [9]. Given the brain’s reliance 
on nutrition for its structure and ener-
gy metabolism, diet should logically be 
central to mental health. Yet, despite 
this, there is a notable lack of research, 
particularly of high quality, on the role 
of diet in mental health. The field of 
nutritional psychiatry has long been 
overlooked, with many studies in this 
area suffering from poor design [10]. 
Mental health disorders are multifac-
eted and typically lack a singular cause 
or treatment that ensures lasting relief. 
This review advocates for integrating 
nutritional strategies into comprehen-
sive psychiatric treatment, alongside 
established interventions like psychop-
harmacology (when necessary), psycho-
therapies, occupational therapy, social 
work interventions, exercise, etc.

Microbiome-Gut-Brain-Axis
The microbiome-gut-brain axis (MGBA)  
represents the dynamic, bidirectional 
dialogue between the gut – including 
its vast microbial ecosystem – and the 
brain, intertwining emotional and cog-
nitive processes with intestinal func-
tion. Trillions of symbiotic bacteria 
reside in the gut, exerting a profound 
influence on brain regulation and be-
havior [11]. The exact mechanisms of 
gut-brain interplay remain under ex-
ploration, yet key players include the 
vagus nerve, endocrine and immune 
pathways, and the gut’s role in metab-
olizing neurotransmitters and bioac-
tive compounds (reviewed in [12]). 
The human colon harbors a dense and 
diverse microbial community, reach-
ing ~10¹¹ microorganisms per gram 
of content, predominantly anaerobic 
bacteria. Beyond bacteria, this eco-
system includes archaea, yeasts, and 
other eukaryotes, forming a complex 
network within the gut. Collective-
ly, the gut microbiome, comprising 
~100 trillion microorganisms, carries 
a genetic repertoire nearly 150 times 
larger than the human genome. [13]. 
The gut microbiota harbors enzymes 
and metabolic pathways absent in the 
host, enabling the breakdown of com-
plex molecules like dietary fibers and 
other indigestible compounds. Within 
the colon, microbes synthesize and re-
lease vital vitamins, including K, biotin, 
pantothenic acid, and select B vitamins. 
Diet and nutritional supplements, such 
as probiotics and prebiotics, can mod-
ulate the gut microbiome, influencing 
its composition and function [14,15]. 
Evidence suggests that consistent use 
of probiotic supplements can alleviate 
depressive symptoms [16,17]. Addi-
tionally, consuming fermented foods 
appears to have a positive impact on 
mood [18]. The term psychobiotics 
has been coined to describe prebiotics, 
probiotics, and postbiotics (metab-
olites produced by the microbiome) 
that, when consumed, promote mental 
health through their interactions with 
the gut’s commensal bacteria [19]. A re-
cent review outlined five mechanisms 
through which the microbiota may im-
pact brain health: 1) modulation of the 
hypothalamic-pituitary-adrenal axis, 2) 
alteration of inflammation and gut per-
meability, 3) vagus nerve stimulation 
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of neurotransmitters and hormonal 
changes, and 5) modification of myeli-
nation and gene expression in the pre-
frontal cortex [20].

The Simultaneous Rise of Meta-
bolic and Mental Health Disorders
Over one-third of the global popula-
tion is estimated to be overweight or 
obese, with a body mass index (BMI) 
of 25 – 29.9 defining overweight and 30 
or higher marking obesity. This rising 
prevalence, steadily increasing over 
recent decades, highlights the pressing 
need to address obesity as a significant 
public health challenge [21]. Mental 
health disorders, affecting roughly 25 % 
of the population, carry a significant 
global burden. Obesity, in turn, is in-
creasingly recognized as a key factor 
that intensifies the risk and severity of 
these conditions [22]. Indeed, two out 
of five individuals with overweight or 
obesity are diagnosed with a psychi-
atric disorder, most commonly mood 
disorders, anxiety disorders, psychotic 
spectrum disorders (PSD), or eating 
disorders [23]. The temporal relation-
ship between obesity and psychiatric 
disorders, including major depressive 
disorder (MDD), anxiety disorders, and 
PSD, remains debated. This complexi-
ty is further heightened by the many 
proposed biological, psychosocial, 
and economic connections between 
these conditions. Beyond the recipro-
cal psychosocial impacts of obesity on 
mental well-being and the influence 
of impaired mental health on lifestyle, 
biological mechanisms like inflamma-
tion and cellular stress, as well as the 
iatrogenic effects of psychopharmaco-
logical treatments – often accompanied 
by adverse metabolic outcomes – de-
mand close scrutiny [24–27]. What is 
often termed the Standard American 
or Western Diet is rapidly spreading 
worldwide. This diet is characterized 
by high levels of refined carbohydrates, 
especially sugar, a high glycemic load, 
ultra-processed foods, and a significant 
proportion of unhealthy fats from re-
fined seed oils rather than natural, un-
processed fats [28]. The Western diet is 
increasingly linked to a range of health 
risks, including obesity, metabolic dys-
function, mental health disorders, and 
disruption of the gut microbiota [29].

The Good, the Bad, and the Ugly 
Ultra-processed foods are industrial-
ly produced items made from com-
pounds extracted, derived, or synthe-
sized from food or food substrates [30]. 
These products generally contain five 
or more ingredients, including artifi-
cial additives like preservatives, color-
ants, texturizing agents, and flavor en-
hancers – substances seldom found in 
home-cooked meals. Ultra-processed 
foods are often inexpensive, conven-
ient, shelf-stable, easy to consume, and 
highly palatable [31]. In early 2021, a 
systematic review and meta-analysis 
revealed that ultra-processed foods ac-
counted for 17  % to 56 % of total daily 
energy intake, with an average of 37 %, 
across 28 countries [32]. Emerging ev-
idence increasingly connects higher 

consumption of ultra-processed foods 
with greater risks of cardiovascular dis-
ease-related mortality, type 2 diabetes, 
and adverse mental health outcomes 
[33]. Pesticides are widely used in ag-
riculture, gardening, households, and 
veterinary practices globally, with this 
trend expected to continue [34]. In the 
general population, pesticide exposure 
primarily occurs through consuming 
food and drinking water contaminat-
ed with pesticide residues [35]. Sever-
al studies suggest a strong association 
between pesticide use and negative 
mental health outcomes, including anx-
iety, depression, and suicidal behavior 

Given the  
brain’s reliance  

on nutrition  
for its structure 

and energy  
metabolism, diet 
should logically  

be central to 
mental health.

[36–41]. Consumption of conventional-
ly grown fruits and vegetables leads to 
higher pesticide exposure, potentially 
carrying long-term health risks. Emerg-
ing evidence indicates that certain pes-
ticides may disrupt the gut microbiota, 
influencing the gut-brain axis [42,43]. A 
similar concern pertains to microplas-
tics in human food chains [44]. Howev-
er, the impacts of microplastics on men-
tal health remain largely unknown at 
present. Modern diets are typically high 
in refined seed oils. Growing evidence 
suggests that highly processed oils are 
pro-inflammatory, increasing oxidative 
stress in the body. This contributes to 
damage across multiple organ systems 
and disrupts metabolism [45]. In con-
trast, virgin oils have been shown to 
exert beneficial effects on the gut mi-
crobiota, which in turn influence both 
the nervous system and overall health, 
while also helping to regulate inflamma-
tory and metabolic changes [46].

Healthful Diets – Current Evidence
Many authors regard mental health dis-
orders as “diseases of modernity” [47]. 
This perspective highlights the notion 
that a departure from traditional life-
styles is driving the increasing preva-
lence of mental health disorders [9,48]. 
This theory aligns with the evolution-
ary mismatch hypothesis, which posits 
that the rising incidence of mental dis-
orders, such as depression, stems from 
a stark contrast between the environ-
ments humans have evolved to thrive 
in and the modern environment [49]. 
Food is a key factor shaping modern 
environments, distinctly differing from 
pre-modern conditions [50]. Evidence 
suggests that traditional diets are more 
favorable to health [51]. Several popula-
tion studies have established a link be-
tween adherence to traditional dietary 
practices and a reduced risk of anxiety 
and depression [52–57]. For historical 
reasons, much of nutritional research 
has disproportionately focused on the 
so-called Mediterranean diet. However, 
this may also apply to traditional diets 
as a whole, both within and outside the 
Western world [58]. A substantial body 
of evidence indicates that the Mediter-
ranean diet offers protection against 
depressive symptoms and major de-
pression [59,60]. This finding is sup-
ported by both population surveys and 
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randomized controlled trials [61–67]. 
The health benefits of the Mediterra-
nean diet may be attributed to its high 
content of antioxidants, fibers, mono-
unsaturated and omega-3 fatty acids, 
phytosterols, and probiotic microor-
ganisms [68,69]. The Mediterranean 
diet is also rich in lacto-fermented 
foods, such as pickles and dairy prod-
ucts like yogurt and cheese, which are 
fermented by lactic acid bacteria [70]. 
The traditional Japanese diet is abun-
dant in fermented foods, including pro-
biotic-rich items like black rice vinegar, 
soy sauce, miso, natto, and tempeh. 
These foods are made using time-hon-
ored methods that rely on a mix of mi-
croorganisms such as lactic acid bacte-
ria, acetic acid bacteria, sake yeast, koji 
molds, and natto bacteria [71]. Adher-
ence to traditional Japanese dietary 
customs has been linked to lower rates 
of depressive symptoms [72,73].

Metabolic Psychiatry and Keto-
genic Metabolic Therapy
The ketogenic diet significantly reduc-
es carbohydrate intake, typically allow-
ing only 20 – 50 grams of net carbs per 
day, which makes up about 5 % of daily 
caloric intake. In contrast, fat intake 
is increased to 75 – 80 % of calories. By 
limiting carbohydrates and promoting 

lipolysis, the diet stimulates the pro-
duction of ketone bodies, which can be 
measured through reliable, self-admin-
istered tests. This makes the ketogenic 
diet unique in offering a clear biomark-
er to assess both physiological target 
achievement and adherence [74]. These 
ketone bodies provide an alternative 
fuel source for the brain, reducing its 
dependence on glucose [75]. Further-
more, ketone bodies have a range of 

Graphical summary: Risky eating behaviors, often linked to a Western 
diet, are characterized by refined carbohydrates, sugars, high glycemic 
load, ultra-processed foods, and pro-inflammatory ingredients – while 
lacking essential nutrients. These factors contribute to mental health 
disorders. In contrast, traditional diets like the Mediterranean or Japa-
nese diets, rich in whole foods and nutrients, support brain and mental 
health. Well-formulated ketogenic diets, high in healthy fats and essen-
tial nutrients, foster recovery from mental illness through ketosis.

Source: Baumgartner, Imfeld & Persson et al., J Periodontol (2009)
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The growing prevalence of both metabolic and men-
tal health disorders has led to increasing interest in the 
relationship between nutrition and mental well-being. 
Evidence suggests that traditional diets, which prioritize 
minimally processed whole foods and avoid highly indus-
trially processed oils and refined sugars, may play a crucial 
role in preventing and treating mental health conditions. 
These diets promote a balance of nutrients that support 
brain function and reduce inflammation, offering a poten-
tial protective effect against mood disorders, anxiety, and 
depression. Ketogenic metabolic therapy (KMT), which has 
demonstrated significant success in treating drug-resist-
ant epilepsy, is gaining attention for its potential in psychi-
atric applications. Preliminary studies suggest that KMT 
may offer therapeutic benefits in mental health conditions 
such as depression, bipolar disorder, and schizophrenia. 
The diet works by altering metabolism to promote ketone 
body production, which provides an alternative energy 
source for the brain and may have neuroprotective effects. 
Additionally, KMT has been shown to improve metabolic 
health, reduce oxidative stress, and stabilize insulin levels, 
providing dual benefits for both brain and body health. 
Moreover, the gut microbiome plays an essential role in 
regulating brain function and behavior, with emerging 
evidence highlighting its impact on psychiatric disor-
ders. While initial studies indicate that well-formulated 
ketogenic diets may modulate the gut microbiome in 
beneficial ways, further high-resolution human trials are 
necessary to fully understand these effects, particularly in 
the context of mental health. Thus, both traditional diets 
and the emerging KMT offer promising approaches to 
preventing and treating mental health disorders.

Abstract

therapeutic effects, including improv-
ing metabolic function (such as lipid 
profile and insulin stability), inhibiting 
the mTOR signaling pathway, enhanc-
ing mitochondrial function and energy 
production, reducing oxidative stress 
and inflammation, and rebalancing the 
inhibitory-excitatory balance in the 
brain [76–79]. Therefore, we suggest 
reserving the term “ketogenic diet” for 
an interesting but still inadequately sci-
entifically validated approach to illness 
prevention and wellness in healthy 
individuals. In contrast, its therapeu-
tic use in serious disorders, based on 
pathophysiological reasoning, should 
be referred to as “ketogenic metabol-
ic therapy” (KMT). Ketosis has a long 
history in human biology, with mild 
ketosis commonly observed in both 
mothers and infants during the third 
trimester of pregnancy and at birth 
[80]. Prolonged fasting and ketosis 
were the norm during human evolu-
tion, particularly in the Paleolithic era, 
when social structures were centered 
around small groups of hunter-gather-
ers [81,82]. The use of ketogenic diets 
for therapeutic purposes in modern 
medicine dates back to the 1920s [83]. 
A century ago, the ketogenic diet was 
a standard treatment for diabetes, ex-
tending the lives of children with type 
1 diabetes and managing type 2 diabe-
tes in adults. However, the discovery 
of insulin in the 1920s allowed people 
with diabetes to control hyperglycemia, 
even on high-carbohydrate diets [81]. 
Today, the ketogenic diet is an estab-
lished, effective non-pharmacologic 
treatment for drug-resistant epilepsy 
in both children and adults, earning 
its place in modern epilepsy treatment 
guidelines [84]. Randomized controlled 
trials have shown that short-term keto-
genic interventions consistently reduce 
body weight and visceral adipose tis-
sue, improve metabolic health markers 
(including increased HDL cholesterol, 
lowered triglycerides, HbA1c, and di-
astolic blood pressure), all while pre-
serving muscle mass [79].  However, 
research on the ketogenic diet’s efficacy 
in psychiatric illness is still in its early 
stages.
In a study of 28 treatment-resistant pa-
tients with MDD, bipolar disorder, and 
schizophrenia, KMT led to a significant 
reduction in psychiatric symptoms for 

all patients. Clinical remission was 
achieved by 43 %, and 64 % were dis-
charged with reduced psychiatric medi-
cation. Metabolic health improved, and 
nearly all patients, except one, experi-
enced significant weight loss [85]. In a 
4-month single-arm pilot trial involving 
23 patients with bipolar disorder and 
schizophrenia, KMT reversed metabol-
ic syndrome. Patients with schizophre-
nia showed an average improvement 
of 32 % on the Brief Psychiatric Rating 
Scale. Additionally, 69 % of participants 
with bipolar disorder had a greater than 
one-point improvement on the Clini-
cal Global Impression score. Overall, 

Nutritional  
neurometabolic 

factors are  
increasingly  

recognized in 
psychiatry.
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KMT in bipolar disorder, involving 27 
participants, demonstrated the feasi-
bility and safety of this approach in a 
psychiatric population [87]. Before the 
recent surge of trials on KMT in mental 
illness, a series of studies in the pedi-
atric domain showed its potential to 
alleviate core symptoms and improve 
key features of autism spectrum disor-
der [88–91]. Despite limitations such 
as small sample sizes and the lack of 
control groups, existing studies have 
shown the feasibility, tolerability, and 
significant improvements in psychiat-
ric symptoms associated with ketogen-
ic metabolic therapy in various severe, 
chronic, and refractory mental disor-
ders.
Preliminary evidence indicates that 
ketogenic nutrition may alter the gut 
microbiome. Well-designed human tri-
als suggest potential neuroprotective 
modulation through ketogenic diets. In 
a randomized crossover trial involving 
subjects with mild cognitive impair-
ment, a Mediterranean-style ketogen-
ic diet increased the beneficial genus 
Akkermansia muciniphila, reduced fe-
cal lactate and acetate, and raised pro-
pionate and butyrate compared to the 
American Heart Association diet [92]. 
Preliminary animal research suggests 
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versity compared to a standard low-cal-
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obese individuals, calorie restriction 
(CR), intermittent fasting (IF), and 
ketogenic diet significantly increased 
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charide-binding protein (a proxy for in-
testinal barrier integrity) [96]. Further 
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essential to fully understand the impact 
of ketogenic regimes on the human gut 
microbiota, especially within the psy-
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Conclusions
Nutritional neurometabolic factors are 
increasingly recognized in psychiatry. 
The concurrent rise in metabolic and 
mental health disorders has sparked 
exploration into their shared mecha-
nisms. Traditional diets, focused on 
whole, minimally processed foods, 
show strong potential for preventing 
and treating mental illness. Comple-
mentarily, ketogenic metabolic therapy 
offers a promising treatment for cer-
tain psychiatric patients (Figure 1).
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The gut microbiome has become a scientific and pub-
lic fascination, with new studies and health claims 
emerging daily. While diet is often cited as the key 
factor shaping gut bacteria, research suggests a far 
more complex picture. With over 200 variables influ-
encing an individual’s microbiome and only a fraction 
of its variability explained, the idea of a universally 
“healthy” gut remains elusive. Popular microbiome 
tests and interventions may not tell the whole story 
– especially when stool samples only offer a partial 
snapshot of the vast intestinal ecosystem. This article 
explores the intricate relationship between diet, mi-
crobiome diversity, and health, challenging common 
assumptions and highlighting the unanswered ques-
tions in this rapidly evolving field.
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Recent years have generated an enor-
mous interest in the gut microbiome 
in both the academic arena but also in 
the public domain. Dozens of new sci-
entific papers appear on a daily basis, 
and the media are eager to immediately 
bring new findings to the public. This 
has caused a growing demand for prod-
ucts and services – with many compa-
nies offering microbiome profiling from 
a self-collected stool sample, usually 
coupled to advice on “how to shape the 
microbiome”, or by offering prebiotics, 
probiotics or symbiotics. And it is gen-
erally believed and often stated that 
nutrition is the most important factor 
in defining and altering the gut microbi-
ome. However, numerous studies have 
now identified around 200 variables 
that contribute to an individual’s micro-
biome, and which, in total, can currently 
explain around 15 – 20 % of the variance 
found in a population. That leaves most 
of the variability in the human gut mi-
crobiome so far unexplained (1). This 
also calls for caution in using the term 
dysbiosis, which suggests an altered or 

“unhealthy” state of the microbiome. 
What characterises a “healthy” micro-
biome is essentially not known and 
subject to scientific discussion (2); al-
though most experts seem to agree that 
a high species diversity is the expression 
of a healthy microbiome (3). A high di-
versity is often found in populations 
that live in rural environments, and 
their microbiome often matches that of 
prehistoric humans, but they also quite 
often carry nematodes in their gut (4,5), 
and these seem to drive bacterial diver-
sity and are thus a major confounder in 
the diversity debate. What should al-
ways be kept in mind is that the micro-
biome as determined in a stool sample 
does not truly represent the ecosystem 
found in the large intestine which hosts 
the majority of bacteria (6) and, moreo-
ver, almost all studies found have rela-
tive abundance of bacteria as outcome. 
But this does not match with the true 
number of bacteria (7) and, when bacte-
rial numbers rather than relative abun-

dance are taken as outcome measure, 
some of the associations of gut micro-
biome profiles with diseases (from dia-
betes to Alzheimer dementia and many 
others) are less strong or even vanish 
(8). What also needs to be considered 
is that stool volume and frequency, 
stool water content and stool appear-
ance (colour and consistency) are crit-
ical determinants of bacterial density 
and diversity in a faecal sample (9,10). 
Those parameters are also quite differ-
ent in people living in rural, low-income 
as compared to high-income countries 
(11) and that may as well define the dif-
ferences in bacterial diversity. However, 
these large differences in microbiomes 
are often interpreted as a consequence 
of “unhealthy diets” consumed in high 
income countries that then promote 
non-communicable diseases. 
Exposure of the host to a large spectrum 
of bacteria and their products constant-
ly challenges the host immune system, 
of which a large part is found in the in-
testine, with a high density of immune 
cells in the lamina propria (see Fig. 1). 
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The diversity of the microbiome is 
thus a critical factor in immune system 
conditioning and its ability to generate 
immune tolerance towards millions of 
harmless microorganisms in the lumen, 
and to summon rapid responses to fight 
pathogenic bacteria. Although the in-
testinal lining is covered with a mucus 
layer that is comprised of a sticky in-
ner and almost sterile part adjacent to 
the epithelium and a fluffy outer layer 
in which bacteria can be found at low 
density, the underlying immune system 
receives a multitude of signals from the 
lumen to adapt accordingly.  

Diets and gut microbiome –  
energetics effects
The gut microbiome is estimated to 
represent 50-100 g of bacterial mass 
(12), with the highest density of bacte-
ria in colon. Around 15g of bacteria are 
excreted in faeces per day and need to 
be replaced (13). That requires 100 to 
200 kcal* per day for bacterial growth 
and maintenance of this biomass. Dur-
ing extended fasting/starvation, the mi-
crobiome changes substantially (14). In 
the absence of food intake, bacteria live 

acids (SCFA) – mainly acetate, butyrate 
and propionate – are the dominant 
types. They are partially absorbed and 
provide the host with 1.5 to 2.0 kcal/g. 
Butyrate is mainly used by the colonic 
tissue as an energy substrate, while pro-
pionate and acetate are mainly utilised 
in the liver.
 
It is interesting to observe that very 
few of the thousands of scientific pa-
pers on the human gut microbiome 
have examined how much energy is 
excreted with the stool. With the idea 
that the gut microbiome contributes to 
overweight and obesity, the amount of 
calories excreted from the amount of 
energy ingested through food and drink 
becomes an issue. Careful analysis of 
energy excretion with a dye technique 
revealed that around 8 % of the calories 
ingested are found in the stool (15,16). 
In order to calculate how many calories 
are made available to the host from the 
utilisation of undigested food compo-
nents in the colon, the amount of cal-
ories that pass from the small into the 
large intestine needs to be known. This 
is of course not easy to determine and 

on nutrients that enter the gut from se-
cretions and from the glycoproteins of 
the gastrointestinal mucus and shaded 
mucosal cells. 
Diet has a direct effect on the micro-
biome and delivers “food” for the bac-
teria – mainly in the form of otherwise 
non-digestible and usable dietary fibres 
from cell walls or storage carbohy-
drates such as inulin and other sugars 
in plant-based diets. These are sub-
strates for bacterial metabolism and 
deliver a variety of short-chain organ-
ic acids, of which the short-chain fatty 

Around  
200 variables 
contribute to  

an individual’s  
microbiome.

Effects of microbiome on host Effectors of human gut microbiome

Pathogen Defense

Nitrogen Excretion

Fibre Digestion

Immune Function

Water Balance

Drug Metabolism

Host Genome

Geography

Socioeconomics

Medications

Diet /Food

Anthropometrics
(Age, gender, BMI, etc.)

The Gut Microbiome – Facts and Figures

FIGURE 1

Colonic volume:	 ~ 100 – 250 ml
Microbiome mass:	 ~ 100 – 150 g 
Bacterial density:	 ~ 104/g in small intestine
	 ~ 107/g in colon
Number of species:	 3.000 different identified  
	 individuals harbor  
	 ~ 200 – 400 species
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patients with an ileostomy, which al-
lows the collection of gut contents that 
would normally pass into the colon. 
These studies show that an estimated 
300 kcal per day are released to the 
microorganisms in the colon, of which 
around 200 kcal are then found in fae-
ces, leaving around 100 to 150 kcal that 
can be obtained by the host from micro-
bial metabolism. It is hard to imagine 
that differences in this small amount 
between individuals has a major influ-
ence on the development of the host’s 
body weight.  Moreover, various trials, 
in which faeces from lean or obese in-
dividuals were transplanted into the in-
testines of lean or obese volunteers to 
investigate the effects on body weight, 
did not observe any significant effects 
on body weight management. A recent 
thorough re-analysis of all rodent stud-
ies that originally suggested that the 
microbiome was a significant contribu-
tor to obesity in mice and rats also con-

cluded that the influence of the micro-
biome, if at all, is very small (17).   

Diets and microbiome –  
qualitative aspects
With reference to the diversity of the 
gut microbiome as a surrogate for a 
“healthy microbiome”, very recent stud-
ies have compared the diversity in faecal 
samples from vegans, vegetarians and 
omnivores. A study of > 21,000 individ-
uals from 5 international cohorts found 
only minor differences in bacterial rich-
ness, with significant differences in only 
two cohorts, where richness was greater 
in omnivores than in vegans (18). From 
a similar study but with only around 
30 individuals in each arm, the authors 
conclude: “compared to the general 
inter-individual differences, habitual 
diet appears to have a limited effect on 
the composition of the microbiota at 
the species level” (19). An early study 
in which volunteers ate a vegan diet 
for 5 days, and after a five-day washout 

period ate only animal products (20), 
also found only minor differences in 
the measurement of bacterial diversity, 
despite major differences in nutrient 
and fibre intake. When a Mediterra-
nean diet with 54 g of fibre was tested 
on healthy volunteers compared to a 
Western-style diet with only 5g of fibre 
per day, the differences in bacterial di-
versity were also minor, and the authors 
stated: “taxonomic profiles of microbi-
al communities in faecal samples were 
similar, suggesting little influence of 
the diet on the core members of the gut 
microbiota” (21). Intervention studies 
with fermentable fibres consistently 
found a selective increase in Bifidobac-
teria species and SCFA, while microbial 
diversity remained unaltered against a 
background of high inter-individual var-
iability (22,23).    
Gut bacteria and their diverse bio-
chemical capacities can produce a huge 
spectrum of metabolites that, when 
absorbed, can affect host metabolism. 

Digestion, Absortion and Fermentation

FIGURE 2

Lamina propria

ColonSmall intestine

Stomach Rectum
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stituents that we consume with fruits 
and vegetables enter the colon and are 
transformed into hundreds of different 
chemicals (24). They partially appear 
in the blood and are later excreted via 
urine. The spectrum of these com-
pounds can vary greatly from person 
to person, and their biological activi-
ties are correspondingly quite different. 
Products of bacterial transformation 
of ingested diet components are often 
modified further in the human metab-
olism and some of those products are 
considered to contribute to the devel-
opment of chronic diseases, examples 
are TMAO (trimethylamine oxide) or 
PAG (phenylacetylglutamine), which 
are both considered to participate in the 
development of cardiovascular diseases 
(25). But the repertoire of compounds 
produced by the gut microbiome that 
influence human health for “better or 
for worse” is still emerging.    
All in all, research in recent years has 
produced a wealth of information about 
the gut microbiome. This development 
has been driven primarily by low-cost, 
high-throughput sequencing, data pro-
cessing and interpretation techniques. 
The presence of microbes in the hu-
man large intestine and their ability to 
produce the beneficial SCFA has been 
known for decades, but modern life 
sciences essentially ignored their role 
in health and disease. This has changed 
drastically – new findings about the mi-
crobiome appear in the public domain 
every day, suggesting even to non-ex-
perts that it is of the utmost importance 
for health and disease, and that changes 
in the composition of the microbiome in 
turn have a major impact. It is obvious 
that our diet has an influence on the mi-
crobiome and the associated health im-
pacts. However, thorough studies sug-
gest that the effects are minimal, at least 
in terms of microbiome diversity, which 
is considered an indicator of a healthy 
microbiome. The biological activities 
of the bacteria are diverse and the sub-
stances they produce are extremely var-
ied. Their functions are not yet fully un-
derstood. The greatest challenge facing 
any approach to intervention – whether 
through diet, medication or dietary sup-
plements – is the enormous and largely 
unexplained variability in the microbial 
spectrum between individuals. 

Microbiome and Microbiota
Microbiota describes the living microorganisms found in 
a defined environment. Microbiome refers to the col-
lection of genomes from all the microorganisms in the 
environment, which includes not only the community 
of the microorganisms, but also the microbial structural 
elements, metabolites, and the environmental conditions 
(taken from Hou, K., Wu, ZX., Chen, XY. et al. Microbiota 
in health and diseases. Sig Transduct Target Ther 7, 135 
(2022). https://doi.org/10.1038/s41392-022-00974-4).

Probiotics
Live microorganisms that, when administered in ad-
equate amounts, confer a health benefit on the host 
according to the definition of the International Association 
of Probiotics and Prebiotics 2016.

Prebiotics
A substrate that is selectively utilized by host microorgan-
isms conferring a health benefit according to the defi-
nition of the International Association of Probiotics and 
Prebiotics 2016.

Symbiotics
A combination of probiotics and prebiotics. 
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The Planetary Health concept highlights the 
critical connections between human health, eco-
systems, and the environment. By addressing the 
root causes of health challenges – such as climate 
change, biodiversity loss, and pollution – it offers 
a transformative framework for safeguarding 
both population health and the planet’s future.

The Planetary Health concept stems 
from evolving approaches to public 
and environmental health. It integrates 
the close connections between human 
health, the environment, and ecosys-
tems, emphasizing how disruptions to 
natural systems impact human health 
– such as climate change, biodiversity 
loss, and pollution. Historically, glob-
al health efforts focused on combat-
ing infectious diseases and improving 
worldwide healthcare. Over time, this 
perspective expanded to include the 
One Health approach, which connects 
human health, animal health, and eco-
systems (OHHLEP, 2022).
In the 2010s, as the impacts of climate 
change, pollution, and biodiversity loss 
increasingly affected human health, the 
concept of Planetary Health emerged. 
Formulated in 2015 by The Lancet Com-
mission on Planetary Health (Whitmee, 
2015), this framework goes beyond One 
Health by incorporating a systemic ap-
proach: human health directly depends 
on the condition of ecosystems and 
natural resources. This integration calls 
for cross-sectoral policies to safeguard 
both population health and planetary 
health (Gonzalez-Holguera, 2022).
The erosion of natural ecosystems and 
the rise of chronic diseases demand an 
integrated approach, with oral health 
recognized as a vital indicator of global 
well-being. Although often treated sep-
arately, oral health plays a crucial role 
due to its links with diet, product us-
age, and environmental change (Fish-
er, 2024). Oral health is a key marker 
of overall health, directly influenced 
by lifestyle changes and food systems. 
However, its environmental impact 
– especially concerning resource con-
sumption and waste – is often over-
looked (Martin, 2024).

The Role of Oral Health in Plane-
tary Health
Oral health is a cornerstone of global 
health, with significant implications 
for Planetary Health. Research increas-
ingly links the oral microbiome, nutri-
tion, and systemic diseases (Bourgeois, 
2022). Oral diseases, including peri-
odontal disease, are associated with 
higher risks of systemic conditions 
such as cardiovascular disease, diabe-
tes, and other chronic inflammatory 
disorders (Sanz, 2022; Genco, 2020). 
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These conditions share common roots 
in dietary habits, industrial practices, 
and consumption patterns that directly 
impact the environment. Diets high in 
sugars and ultra-processed foods ex-
acerbate oral health problems, under-
scoring the need for sustainable dietary 
practices that benefit both individual 
health and the planet (Cascaes, 2022).
Sustainable agricultural practices 
promoting diverse, environmentally 
friendly crops play a crucial role. A shift 
towards plant-based, biodiverse, and 
organic diets, such as those featuring 
ancient grains and legumes, benefits 
both oral health and environmental 
sustainability (Inchingolo, 2024). These 
diets support a balanced oral microbi-
ome, reduce meat consumption, and 
decrease greenhouse gas emissions. In 
addition to the health benefits, these 
practices offer substantial environmen-
tal advantages, particularly in terms of 
reducing ecological footprints (Dixon, 
2023).

The Oral Microbiome and its Sys-
temic Implications
The oral microbiome, as an extension 
of the gut microbiome, plays a critical 
role in oral health and the manage-
ment of systemic diseases (Rajaseka-
ran, 2024). Diets rich in antioxidants, 
such as fruits and vegetables, along 
with essential nutrients like omega-3s, 
polyphenols, polyunsaturated fatty 
acids, and probiotics, promote a more 
diverse and resilient oral microbiome. 
This can help reduce the risk of perio-
dontal disease and cavities (Santonoc-
ito, 2022; Pytko-Polończyk, 2021). For 
example, green tea consumption has 
been shown to decrease the growth 
of Porphyromonas gingivalis by 30 % 
(Paczkowska-Walendowska, 2025).
Environmental factors such as air pol-
lution and climate change can also 
disrupt the balance of the oral microbi-
ome. Pollutants like ultrafine particles 
(PM0.1) have been shown to affect oral 
microbiota, promoting inflammation, 
particularly in children (Gupta, 2022). 
Climate change may also create condi-
tions favorable for the proliferation of 
pathogenic bacteria in the mouth. Are-
as experiencing global warming could 
see a 15 % increase in periodontal dis-
ease risk due to the optimal conditions 
for certain oral bacteria (Lin, 2021).

The Importance of Sustainable Di-
ets for Oral and Systemic Health
Adopting sustainable diets that empha-
size organic, plant-based, and antiox-
idant-rich foods, while also managing 
environmental factors, can prevent oral 
microbiome disruption and reduce the 
risk of systemic diseases (Martinon, 
2021). A plant-based diet promoting a 
balanced oral microbiome can reduce 
the risk of bacterial migration to other 
organs, exacerbating systemic inflam-
mation, especially in cardiovascular 
diseases. Diets such as vegetarian, ve-
gan, and Mediterranean offer beneficial 
approaches to improving oral health, 
partially due to the absence of saturat-
ed fats and animal products.

These diets, rich in fruits, vegetables, 
legumes, nuts, and seeds, reduce gin-
gival inflammation by neutralizing the 
free radicals responsible for oxidation 
and inflammation (Augimeri, 2024). 
Furthermore, they have a positive en-
vironmental impact by lowering meat 
consumption and promoting sustaina-
ble food choices, thus contributing to 
global planetary health. Incorporating 
foods from dietary biodiversity, par-
ticularly those high in fiber, crucifer-
ous vegetables, and colorful fruits, has 
also been shown to reduce cancer risk 
(Mentella, 2019). Their antioxidant and 
anti-inflammatory properties help pro-
tect against cancers by inhibiting cell 
proliferation and promoting the elimi-
nation of cancer cells.

Challenges and Considerations
Despite the benefits, some studies sug-
gest that vegetarian diets may increase 
the risk of dental erosion (Smits, 2020). 
Comparative studies have also shown 
that plant-based products may not be 
as effective as dairy products in main-
taining healthy teeth (Shkembi, 2023).
In terms of environmental benefits, 
the rise of edible insects as a sustain-
able protein alternative has gained at-
tention. According to EU Food Regu-
lation (EU) 2015/2283, insects are now 
recognized as a potential food source. 
Incorporating alternative proteins and 
omega-3 fatty acids from such sources 
can support oral tissue regeneration 
and reduce gingival inflammation (Ma-
zur, 2025).

Conclusion
Integrating oral health into the broader 
concept of Planetary Health represents 
a critical shift in how we approach 
public and environmental health. The 
discussions and findings presented in 
this paper underscore the intercon-
nectedness of human health, food sys-
tems, professional practices, and public 
health policies. It is becoming clear that 
oral health issues must not be treated in 
isolation from environmental and soci-
etal challenges. Understanding the oral 
microbiome and its links to systemic 
diseases opens the door to new pre-
vention strategies based on sustainable 
nutrition and reduced consumption 
of ultra-processed foods. Ultimately, 
oral health must be incorporated into 
a global, sustainable framework, where 
prevention, education, and scientific 
innovation converge to create a health-
ier future for both individuals and the 
planet.

Oral health is  
a cornerstone 

of global health, 
with significant 

implications  
for Planetary 

Health.
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Oral health has long been neglected in global health 
discussions, despite its profound impact on billions  
of lives worldwide. With inequalities stark and pre-
ventable diseases rampant, the time has come to shift 
from neglect to action, integrating oral health into 
universal health coverage and making it a cornerstone 
of global health equity. Our author describes in his 
article the neglect of global oral health and delivers 
symptoms, root causes and possible solutions.

Despite decades of growing scientific 
evidence and continued advocacy, oral 
health remains one of the most neglect-
ed areas of global health. With more 
than 3.6 billion people affected, oral 
diseases are the most prevalent non-
communicable diseases (NCDs) world-
wide.¹ They are also largely preventa-
ble, yet oftentimes left untreated, let 
alone systematically addressed. There 
is no other NCD with comparable num-
bers of untreated cases. 
The global divide is stark: while afflu-
ent populations enjoy access to the full 
range of high-cost, high-tech dental 
care – often cosmetic and elective – bil-
lions of people around the world lack 
even the most basic oral health servic-
es. In many countries, oral health is ex-
cluded from Universal Health Coverage 
(UHC) schemes, marginalized in health 
planning, and financed largely through 
private out-of-pocket payments, creat-
ing major barriers to access.
This paradox – a massive disease bur-
den, high overall spending, and limit-
ed population-level access – continues 
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to plague health systems across high-, 
middle-, and low-income countries 
alike. The result is a reality of oral 
healthcare that serves the few, while 
neglecting the many.
This persistent neglect is not due to 
a lack of evidence or technical solu-
tions. It reflects the consequences of 
fragmented systems, misguided policy 
priorities, and a global health architec-
ture that has long tolerated, if not nor-
malized, profound disparities in oral 
health.

A global disease burden – massive,  
preventable, and unjust
Oral diseases, including untreated den-
tal caries, severe periodontal disease, 
tooth loss, oral cancers, rank among 
the most common conditions in the 
world. According to the WHO Global 
Oral Health Status Report 2022 and us-
ing estimates from 2019, more than 3.5 
billion people live with untreated oral 
diseases. Dental caries of permanent 
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H teeth alone affects 2.5 billion individ-
uals, while an estimated 1 billion suf-
fer from severe periodontal disease.²,³ 
Since then, updated estimates for 2021 
increased the number of cases of oral 
disease to almost 3.7 billion.¹
Children are not spared. In many coun-
tries, tooth decay is the leading cause of 
chronic illness among children, leading 
to pain, missed school days, and long-
term consequences for growth and de-
velopment. Among adults, oral diseases 
reduce employability, quality of life, and 
self-esteem. Among older persons, tooth 
loss and poor oral function affect nu-
trition, speech, and mental health – es-
pecially in settings where rehabilitative 
care is unaffordable or unavailable.
The burden is highest in low- and mid-
dle-income countries (LMICs), where 
access to prevention and care is limited. 
But even in high-income settings, the dis-
tribution of oral diseases mirrors broader 
patterns of inequality: poverty, social ex-
clusion, and limited access to care com-
pound the effects of poor oral health. 
The global divide plays out not only in 
availability of services, but in lived expe-
riences of pain, stigma, and neglect.⁴

What’s more, the burden is intergener-
ational. Parents with poor oral health 
often pass on risk factors, habits, and 
vulnerabilities to their children, creat-
ing a vicious cycle of disease and dis-
advantage. Oral diseases may not rank 
high on mortality charts, but they cause 
extensive pain, suffering, stigma, and 
disability; and they interact with other 
chronic diseases and general health in 
complex, harmful ways.⁵,⁶ 

A cost spiral: High spending, low 
equity, poor outcomes
One of the most sobering features of 
global oral health is not only how much 
we fail to treat, but also how much 

we spend, and how little impact that 
spending has.
Estimates suggest that close to USD 
390 billion are spent globally every year 
on oral health care, making it one of 
the most expensive disease categories. 
However, this figure is deceptive: the 
vast majority of this expenditure oc-
curs in high-income countries and goes 
toward restorative or high-tech dental 
services – fillings, crowns, implants, 
and cosmetic procedures.⁷

Prevention, on the other hand, receives 
a tiny fraction of resources. Commu-
nity-based programs like school tooth-
brushing or sugar reduction policies are 

Oral diseases are the most 
prevalent noncommunicable  
diseases (NCDs) worldwide.

Estimated case numbers of the major oral diseases combined between  
1990 and 2019 per WB country income group (excluding lip/oral cavity cancer) 
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underfunded or absent in most health 
systems. Worse still, oral health is pre-
dominantly financed through out-of-
pocket (OOP) spending – more than any 
other area of healthcare. Across countries 
and income levels, oral health consist-
ently ranks as the health sector with the 
highest share of private expenditure.⁸–¹⁰
This global divide in oral healthcare 
financing is especially harmful. In 
LMICs, even a simple tooth extraction 
may be unaffordable for many house-
holds. In high-income countries, those 
without dental insurance often face the 
choice between foregoing dental care 
or financial hardship. Meanwhile, those 
who are able and willing to pay have 
access to advanced treatments, often 
disconnected from actual health needs. 
This model violates the very principles 
of UHC and health equity. 
At the same time, it appears that the 
burden of oral diseases has not mark-
edly changed over the last 35 years. As 
Bernabé et al. state in the most recent 
publication of the global oral disease 
burden estimates: “The results show 
that insufficient action over the past 
three decades has led to little change 
in population oral health; without fu-

ture sizeable and impactful action, this 
trend is likely to continue.”¹

Structural causes of neglect: Why 
oral health stays marginal
The roots of this neglect run deep. 
Among the many reasons that contrib-
ute to the current state of global oral 
health, a few stand out as particularly 
impactful. First, there is a historical and 
institutional divide. Dentistry evolved 
as a separate profession, with its own 
training, infrastructure, and financing 
mechanisms, often outside the public 

health system. Integration in primary 
health care is limited. In most coun-
tries, dental care is almost exclusively 
provided through private providers 
and is considered an “optional” ser-
vice rather than a core component of 
healthcare.¹¹
Second, commercial determinants, 
especially the global sugar industry, 
continue to shape risk environments 
that promote oral diseases. Sugar con-
sumption is a primary cause of dental 
caries, yet regulation is weak and often 
undermined or even resisted by power-
ful interests of the food and beverage 
industries and their allies who apply 
strategies similar to the tobacco indus-
try to change the public discourse.¹² 
Public policies to reduce sugar intake, 
such as taxes, advertising restrictions, 
or front-of-pack labelling, as well as 
measures to reduce the negative health 
impacts of ultra-processed foods, re-
main politically contested and take 
time to gain traction.¹³–¹⁵
Third, political invisibility and lack of 
leadership have kept oral health off 
the global health agenda for decades. 
There has been no major donor in-
vestment, no vertical initiative, and no 
strong integration with NCD strategies. 
Oral health has lacked the institution-
al champions and advocacy networks 
that have helped drive progress in areas 
like HIV, maternal health, or immuni-
zation.¹⁶–¹⁸
Fourth, and perhaps most insidious, 
is the cultural perception that oral 
health is a personal matter, a question 
of hygiene, behaviour, and individual 
responsibility. This perception fosters 
the notion that public investments to 
control oral diseases are not justified 
and reinforces a private market ap-
proach that exacerbates inequality.

The turning point: From neglect 
to global commitment
Yet, for the first time in decades, global 
oral health may be at a turning point. 
One of the watershed moments came 
in 2019, when The Lancet published its 
groundbreaking Series on Oral Health, 
for the first time placing oral diseases on 
the agenda of one of the most influen-
tial medical journals.¹⁹ The Series pro-
vided a stark critique of the global state 
of oral health, describing it as a “global 
public health failure” and exposing how 

Per capita direct dental expenditure in US$ per WB 
country income group (2019)
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deeply inequities, commercial determi-
nants, and systemic neglect shape out-
comes across countries. It called for a 
paradigm shift: from treatment to pre-
vention, from fragmentation to integra-
tion, and from commercial exploitation 
to public accountability.
The Lancet Series served as a wake-up 
call and laid the intellectual and policy 
foundations for renewed engagement 
from global health leaders, including the 
World Health Organization (WHO). Ac-
knowledging the absence of oral health 
in global health discourses, the World 
Health Assembly in 2021 adopted a 
landmark resolution on oral health, the 
first in over 15 years.²⁰,²¹ This was fol-
lowed by the development of the WHO 
Global Oral Health Strategy (2022), 
a bold document that recognizes oral 
health as integral to overall health and 
essential to achieving UHC. The Strate-
gy outlines a vision for embedding oral 
health within national health systems, 
emphasizing prevention, primary care 
integration, and addressing commer-
cial determinants. Building on this, the 
Global Oral Health Action Plan (2023–
2030) was endorsed by WHO Member 
States.²² It provides concrete targets 
and milestones for action at national 
and global levels, including universal 
access to oral health services by 2030, 
integration of oral health in UHC ben-
efit packages, and reduction of the bur-
den of oral diseases. For the first time 
in the history of global oral health, there 
is now a global monitoring framework 

and a defined path forward for tangible 
improvements.
This new momentum was reaffirmed at 
the first-ever WHO Global Oral Health 
Meeting in Bangkok in December 2024, 
where delegations from more than 100 
countries gathered to discuss imple-
mentation progress of the Global Oral 
Health Action Plan. A key outcome was 
the Bangkok Declaration: Towards Uni-
versal Health Coverage for Oral Health by 
2030, which emphasizes the core prin-
ciple that “there is no health without 
oral health.”²³ The Declaration calls on 
countries to translate commitments 
into national plans, to invest in preven-
tion and service integration, and to hold 
themselves accountable for progress.
The adoption of the Bangkok Declara-
tion was a moment of unprecedented 
consensus. But turning this consensus 
into real impact will require sustained 
political attention, cross-sectoral col-
laboration, and courageous leadership 
at all levels, from global actors to na-
tional ministries to frontline health 
workers and empowered communities.

Solutions that work: From evi-
dence to action
What must change? First, oral health 
must be integrated into primary health 
care systems. This means that pre-
ventive, diagnostic, and essential oral 
healthcare services are available where 
people live and work, especially in com-
munity clinics, schools and workplaces, 
and underserved areas.

Second, we need robust public health 
approaches. Policies to control and re-
duce risks, like sugar taxes or tobacco 
control policies, combined with meas-
ures to improve access to fluorides, 
preventive interventions and health 
promotion campaigns must become 
standard features of national NCD 
strategies. Oral health must be visibly 
included and adequately addressed in 
health budgets, national plans, and ac-
countability frameworks.
Third, workforce reform is essen-
tial. Task-shifting models, training of 
non-dental health professionals in basic 
oral health, and expansion of mid-lev-
el oral health providers can increase 
access and coverage in resource-con-
strained settings.
Fourth, financing must be restructured. 
Oral health services should be part of 
essential benefit packages in UHC sys-
tems and available without financial 
hardship. Relying on out-of-pocket pay-
ment is incompatible with equity and 
sustainability, particularly in LMICs.
Finally, we must build advocacy coali-
tions – across sectors, professions, and 
communities – to make oral health a 
political priority and ensure that the 
global divide in oral health does not 
deepen further.

A call to action: From recognition 
to reform
Oral health has waited too long in the 
shadows of global health. The burden is 
vast, the inequalities are stark, and the 
economic costs are significant. We can 
no longer afford to treat the mouth as 
separate from the body – or dental care 
as separate from health care.
The momentum is here: The Lancet 
Series lit the fuse, WHO has taken 
unprecedented steps, and countries 
have declared their intention to act. 
But declarations alone will not relieve 
pain, close gaps, or stop decay. Reform 
requires bold policy change, adequate 
financing, meaningful accountability, 
and the moral clarity to treat oral health 
as a right, not a privilege. Oral health is 
not cosmetic. It is not optional. It is not 
the concern of the privileged few.
It is a matter of justice, a test of our 
commitment to UHC, and a measure of 
whether our health systems truly serve 
people. There is no health without oral 
health.

“We commit to ensuring  
essential oral health services  

are accessible, affordable  
and acceptable for all, without  

financial hardship.”
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A key statement of the Bangkok Declaration on Oral Health.
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Yet this call to action comes at a precar-
ious time. The global health landscape 
is under increasing strain. A climate of 
insecurity, austerity, and shifting polit-
ical priorities is sweeping across donor 
and domestic budgets alike. Develop-
ment assistance is being reduced, mul-
tilateral institutions face tightening fis-
cal space, and national health systems 
are being forced to make difficult deci-
sions about what services to prioritize, 
or sacrifice.
In this climate, oral health is at risk of 
once again being sidelined, deemed too 
costly, too specialized, or not “essential 
enough.” The danger is that hard-won 
progress made in recent years could 
unravel just as implementation begins, 
especially in countries already facing 
severe health system constraints.
That makes it even more important 
to keep the momentum alive, and the 
voice for oral health loud and unified. 
Professional associations, advocates, 
policymakers, and the public must all 
play a role in ensuring that oral health 
remains visible, funded, and protected 
from the rollback of essential services.
A crucial moment is on the horizon: the 
4th United Nations High-Level Meeting 
on Noncommunicable Diseases in Sep-
tember 2025.²⁴ This summit of heads of 
state and ministers from all 194 mem-
ber states of the United Nations will 
review global progress on NCDs and 
UHC and define the path toward 2030 
and beyond. It is an opportunity to re-
inforce oral health as a core component 
of NCD prevention and control and to 
solidify its place within future global 
health commitments.²⁵
By that time, the aspirations of the 
WHO Global Oral Health Action Plan 
to provide essential oral health servic-
es for all must no longer be aspirations 
alone. There must be tangible progress 
in national policy, funded priorities, 
and measurable realities.
This is the moment to turn commit-
ments into action, declarations into de-
livery of care, and promises into protec-
tion for all. We know what needs to be 
done. Now we must do it, with urgency, 
equity, and resolve. Because the mouth 
is not separate from the body. And peo-
ple cannot wait any longer.
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Dr. rer. pol. Heinz Locher

Health Economist with 
extensive experience as a 
management consultant  
in the healthcare sector  

in Switzerland and abroad.

Swiss  
Healthcare  
System:  
Role Model  
or Latecomer?

Author — Dr. rer. pol. Heinz Locher

The Swiss healthcare system is one of the “best” in the  
world, but is it also the most efficient? A look beyond 
national borders shows that other countries are  
implementing strategies in areas such as digitalisation,  
hospital planning and the regulation of medical prod- 
ucts – in some cases more successfully. An interna- 
tional comparison provides valuable input for the fur-
ther development of Swiss health policy.
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Achievements and challenges of the Swiss 
healthcare system 

Own representation based on OECD (2023)

Area Switzerland’s position Best practice / notes

Avoidable mortality Very good outcome (top group)

Life expectancy at birth 83.9 (top group) Japan 84.5

Healthcare expenditure in % GDP 11.3% – high share Luxembourg, Turkey

Per capita healthcare expenditure Very high Romania, Turkey

Out-of-pocket share High share Czechia, Luxembourg

Prevention share Ranks last Slovenia, Estonia

Unmet needs in oral healthcare 
policy

Ranks 16th, not funded by social 
insurance

Germany, Netherlands, Austria

Overall system level
After years of sitting on the sidelines, 
Switzerland now regularly participates 
in comparative studies and analyses of 
healthcare systems with a key focus on 
access to services, the scope and quality 
of services and the financial burden on 
the economy and individuals. Happi-
ly, the days are gone when the phrase 
‘Switzerland – not available’ frequently 
showed up in comparative tables and 
footnotes. 

Although the assess-
ment of Swiss health 
policy is generally  
positive, some chal-
lenges remain that 
have been better ad-
dressed elsewhere.

Danish-style hospital planning, digi-
talisation modelled in Estonia, a new 
health insurance system based on the 
Singaporean model, and, lastly, ‘smart’ 
regulation of medical products like in 
Canada – and many of the challeng-
es facing the Swiss healthcare system 
would be overcome. At least that's what 
we get to read regularly, not only in spe-
cialist publications but also increasing-
ly in the daily media.
Indeed, other places do things dif-
ferently, and it can be useful to take a 
look beyond the established state of 
affairs. A stocktake of domestic health 
policy and its effects based on a com-
parison with other countries provides 
valuable information for Switzerland. 
However, it is important to be mindful 
of the principle that leadership is not 
achieved through orientation towards 
the average. The international perspec-
tive can be incorporated at various lev-
els and from different angles.

Switzerland’s health foreign 
policy
Amid the hectic debate on health pol-
icy, it is often overlooked that Swit-
zerland has a comprehensive, coher-
ent health foreign policy. The Federal 
Council has defined six areas of action, 
which combine protecting Swiss inter-
ests with a commitment to internation-
al solidarity. 

The six action areas of Swiss  
health foreign policy 
2019 – 2024/2028

1. �Health security and humanitarian 
crises

2. Access to medicine
3. �Sustainable healthcare and  

digitalisation
4. Determinants of health 
5. Global health governance
6. Addiction policy

Source: Federal Council decree of 20 November 2023

Switzerland is a 
long-standing and  
reliable international  
partner that honours  
its commitments. 
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Today, it is fair to say 
that the old adage 
– that the charm of 
Swiss policymaking 
lies in independently 
following the mistakes 
of foreign countries 
with a ten-year delay – 
no longer holds true.

Regulatory instrument level
The examples mentioned relate to the 
level of regulatory instruments. When 
adopting foreign regulations, it is im-
portant to bear in mind that healthcare 
systems are closely intertwined with a 
country’s system of government and 
political culture. Examples include: 

– �The role of constituent states (can-
tons, federal states) 

– �The fundamental policy choice be-
tween a health insurance system and 
a national health service

– �The scope left to private, profit-orien-
tated players 

However, an intermediate level of ‘ge-
neric’ questions allows different ap-
proaches of individual countries to be 
compared with each other: 

– �How can we ensure that ‘genuine’ 
emergencies are dealt with by the 
emergency services promptly and 
that ‘non-genuine‘ emergencies do 
not unnecessarily burden the emer-
gency infrastructure?

– �Creating new job profiles (Advanced 
Nurse Practitioner)

– �New tariff systems 

Sources

OECD (2023), Health at a Glance, OECD Indicators, 
OECD Publishing, Paris

Federal Council decree of 20 November 2023, 
Swiss Health Foreign Policy 2019-2024/2028

Federal Office of Public Health: www.bag.admin.ch 
(various departments)

Summary of the presentation by Anne Lévy, Director 
of the Federal Office of Public Health (FOPH), at the 
Health Insurance Days 2024 in Interlaken. 

The main goal of Switzerland’s healthcare policy is to 
maintain the high quality of the healthcare system while 
containing costs – a complex challenge involving many 
stakeholders, from hospitals and insurers to doctors and 
patient organizations. Despite cost-saving measures such 
as lower drug prices, reduced lab fees, and the promotion 
of generics, healthcare costs continue to rise due to an 
aging population, medical advances, and high service 
utilization.
Patients are often the weakest link in the system, even 
though their well-being should be central. The Federal 
Office of Public Health (FOPH) aims to balance the inter-
ests of all parties for the benefit of patients and premium 
payers.
To ensure appropriate care – neither too much nor too 
little – the FOPH has launched initiatives to address over-, 
under-, and misprovision of care. Regional differences in 
treatment rates highlight the need for better coordination 
and use of resources, including expanding the roles of 
pharmacists and other healthcare providers.
Innovation is encouraged through pilot projects and 
new insurance models, supported by a legal framework 
for experimentation. Upcoming referendums address 
concerns about rising costs and healthcare financing, with 
the government proposing counterproposals focused on 
incentives and shared responsibility between federal and 
cantonal authorities.
A major reform is the unified financing of outpatient and 
inpatient care (EFAS), designed to eliminate financial 
disincentives and promote cost-effective, patient-friendly 
treatments. Further priorities include fair pricing and rapid 
access to innovative medicines, as well as ensuring the 
supply of essential drugs.
Prevention remains crucial: many chronic diseases could 
be avoided through healthy lifestyles, vaccinations, and 
screenings. Digitalization is another key focus, aiming for 
interoperable data systems and streamlined processes. 
New digital tools, such as the health insurance dashboard 
and the electronic patient record, are intended to improve 
transparency, efficiency, and patient empowerment.
Overall, the Swiss healthcare system faces the challenge of 
maintaining excellence amid demographic, technological, 
and financial pressures. Success will depend on compro-
mise, innovation, and keeping the needs of patients at the 
center of reform.

Ensuring good  
healthcare
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compared
Author — Angel Gonzalo

A comparison of the Swiss healthcare system with those of 
Japan and Denmark shows significant differences in structure, 
expenditure and quality. The following analysis focuses on 
expenditure, quality and economic aspects. 

1. Healthcare system structure

  Switzerland

– �System type: Tends liberal and privately  
dominated 

– �Funding: Compulsory health insurance  
(Health Insurance Act HIA), but with private 
insurance and high co-payments (deductible, 
excess)

– �Provision: Comprehensive, but dependent  
on the scope of insurance cover 

– �Providers: Mainly private and competitive

  Japan

– �System type: Social insurance with state  
regulation

– �Funding: Compulsory insurance through 
employers or local authorities; citizens pay 
income-based contributions 

– �Provision: Very broad, virtually no co-pay-
ments

– �Providers: Mainly private but strongly  
regulated

  Denmark

– �System type: Tax-funded and state-organ-
ised healthcare 

– �Funding: Through taxation, no direct health 
insurance premiums 

– �Provision: Comprehensive, free at point of use
– �Providers: Combination of public- and  

private-sector providers

2. Healthcare system expenditure

  Switzerland

– �Total expenditure: Around 12 to 13 % of  
GDP (one of the highest shares worldwide)

– �Per capita expenditure: Above average  
(approx. USD 9,500 per year)

– �Main drivers: High medicine prices, ad-
ministration costs due to competition, and 
co-payments

  Japan

– �Total expenditure: Approx. 10 % of GDP  
(moderate in a global comparison) 

– �Per capita expenditure: Approx.  
USD 4,500

– �Main drivers: Aging population, but low 
medicine prices and rigorous price regulation

  Denmark

– �Total expenditure: Approx. 10 to 11 % of GDP
– �Per capita expenditure: Approx. USD 5,000  

to 6,000
– �Main drivers: Focusing on prevention  

and digitalisation reduces costs, but high  
tax burden 
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  Switzerland

– �Quality: Very high medical standards and  
wide availability of specialists

– �Access: Good, but highly income-dependent 
due to high co-payments 

– �Challenges: System is fragmented,  
inefficiencies

  Japan

– �Quality: High standards, particularly in  
primary care

– �Access: Universal and income-independent, 
relatively short waiting times

– �Challenges: Overuse of healthcare services, 
aging society

  Denmark

– �Quality: Focus on prevention and coordi- 
nated patient access

– �Access: Free at point of use, but with longer 
waiting times for non-urgent cases 

– �Challenges: Strain caused by centralisation  
and limited capacities

4. Economic aspects

  Switzerland

– �Premium-based funding is a burden on 
households, particularly on low-income ones.

– �High medicine prices and strong market  
forces lead to exploding costs.

– �Administration costs (competition between 
insurers) are a problem.

  Japan

– �Income-based contributions ensure social 
equality.

– �Price regulations for medicines keep costs 
under control. 

– �The aging population represents a growing 
burden. 

  Denmark

– �Funding through taxation ensures social  
equality.

– �Prevention and digitalisation reduce costs  
in the long term.

– �High tax burden might become unpopular  
in the long term.

5. What Switzerland could learn

  From Japan

1.  �Regulating medicine prices: Japan sets 
strict price caps to control costs.

2. �Cost-benefit assessments: Japan conducts 
regular treatment assessments to avoid 
unnecessary expenditure.

3. �Promoting prevention: A strong focus on 
prevention could help to reduce costs in the 
long run.

  From Denmark

1.  �Funding through taxation: A model of 
progressive tax funding could reduce social 
inequality with regard to the insurance  
premium burden.

2. �Digitalisation: Efficient IT systems to coordi-
nate patients could ease the fragmentation 
of the Swiss system.

3. �Prevention and integrated care: Denmark’s 
focus on prevention and coordinated health-
care could improve efficiency.

Switzerland has a high-quality  
but expensive healthcare system.  
From Japan it could learn from  
price regulation and a more strictly 
regulated insurance system,  
from Denmark from prevention  
programmes and digitalisation. 
Both models could contribute to 
lowering high costs and at the  
same time improve access while 
alleviating social inequalities.



T H E  E S S E N C E

3 8

IN
T

E
R

V
IE

W

Interview — Angel Gonzalo   Photos  — Noor Staring

Healthcare is at a turning point: digitalization offers 
enormous opportunities to increase efficiency, pro-
mote preventive measures and democratize access to 
medical services. New technologies and data analysis 
not only improve the quality of medical services, but 
also establish a new way of thinking about health and 
illness. Digitalization is on the verge of revolutioniz-
ing healthcare and opening up new possibilities, from 
prevention to treatment. Dr. Fleisch, a professor at 
ETH Zurich and the University of St. Gallen, explains 
in an exclusive interview for The Essence how digital 
technologies will increase efficiency, reduce costs and 
transform the healthcare system in the long term.

Dr. Fleisch, you are a professor at 
ETH Zurich and also at the Uni-
versity of St. Gallen. Your area of 
expertise is information technol-
ogy. How is it that you are writing 
a book about digitalization in 
healthcare and reflecting on the 
future of our healthcare system?

The so-called “Internet of Things”, 
in which the computer becomes omni-
present and at the same time disappears 
into everyday things, was the original 

field of research that my team and I 
started over 20 years ago. The fields of 
application for this technological vision 
have literally exploded, and we have 
focused on a few areas of application: 
retail, manufacturing and healthcare. 
Here, together with colleagues from the 
medical faculty, we are building new 
applications and investigating how new 
technologies are changing healthcare.

Thanks in part to medical ad-
vances, we have doubled our life 
expectancy in the last 100 years. 
So we are living longer, but are 
we paying more and more for the 
treatment of illnesses?

Yes, it’s incredible what medicine 
has achieved in this period of time. We 
are living longer, but more and more 
often we are also ill for longer – chroni-
cally ill. We have soon realized that dig-
italization in healthcare is particularly 
important, also and especially because 
of chronic illnesses. These are the big 
issue in medicine in the future and also 
the big cost drivers.

Non-communicable chronic dis-
eases – cancer, diabetes, cardio-
vascular and respiratory diseases, 
as well as mental illnesses – are 
the big challenge. Will it remain 
that way for future generations?

As we age, we become more suscep-
tible to chronic illnesses. It is some-
what of a paradox that our healthcare 
system is on the verge of collapsing in 
terms of costs precisely because it is so 
effective. Our healthcare system was 
established about 100 years ago, and at 
that time acute illnesses were the most 
common cause of death. Today, chron-
ic illnesses are. Our healthcare system 
was not built for this. However, there is 
a promising aspect: from twin studies, 
we now know that about 70 to 80 % of 

The Digital Pill:
How Technology
is Transforming

Healthcare
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Prof. Dr. Elgar Fleisch

Elgar Fleisch is Professor of Information 
and Technology Management at ETH 
Zurich and the University of St.Gallen 
(HSG). His currently largest laboratory, 
the Center for Digital Health Interven-
tions, investigates how digital tech-
nologies are changing our healthcare 
system. It combines the disciplines med- 
icine, informatics & economics. 

Elgar Fleisch and team have published 
their findings in over 600 papers, in-
cluding the book The Digital Pill. He is 
co-founder of several spin-off and start-
up companies and member of various 
supervisory boards as well as academic 
steering committees. 

Elgar Fleisch did his doctorate in Vien-
na, in the field of artificial intelligence, 
and his habilitation in St. Gallen on the 
topic of network companies. He spent 
his sabbaticals at MIT and Dartmouth 
College.
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it is not primarily the luck of the genes 
that keeps us healthier, but the behav-
ior of each individual. Through my be-
havior, I can decisively influence the 
risk factors and thus prevent chronic 
diseases. That is the big opportunity.

You raise an important point: 
precaution and prevention are 
given a low priority in our health-
care system. Less than 3 percent 
of healthcare costs are spent on 
prevention. What are the reasons 
for this?

That’s a very important question. 
Well, the most apt answer is: “There is 
no glory in prevention”. I don’t know of 
any sensible doctor, researcher, insur-
ance or pharmaceutical manager who 
says that prevention is nonsense. Even 
if the long-term effect of preventive in-
terventions is much more difficult to 
prove, I hear from my esteemed med-
ical colleagues that prevention is less a 
medical issue than a business case is-
sue. The fact is that the incentives are 
set for repair and not for prevention. 
Whether or not prevention is widely 
adopted is ultimately a question of the 
business model. Hospitals need to fill 
their beds, and doctors’ offices need to 
pay back the loans for their expensive 
equipment. And today they only get 
reimbursed for repairs, not for preven-
tion. Even if you are the best and most 
idealistic doctor in the world, the in-
centive system will eventually catch up 
with you. To put it figuratively: a patient 
who is healthy does not generate any 
income for you. Only a visible illness is 
the ticket to today’s healthcare system.

In Singapore, the Health Promo-
tion Board was founded over 20 
years ago with the aim of ena-
bling people to take control of 
their own health. How does that 
work exactly? Is this model also 
applicable in Switzerland?

Yes, absolutely. There are several 
initiatives in this direction worldwide. 
They start by creating the necessary 
awareness that health is important and 
can be influenced. We learn a lot of 
things at school, but we actually learn 
just as little about “health literacy” as 
we do about “financial literacy”. What 
do I need to do to feel good physically 

and mentally? This includes nutrition, 
exercise, sleep, stress, how to deal with 
addictive substances and basic knowl-
edge about health. A person who knows 
more about health stays healthier. 
Health literacy has a decisive influence 
on our health. 

In your book “The Digital Pill”, 
you, as co-author, describe five 
levers that show how digitaliza-
tion can be a central key to the 
healthcare world of tomorrow. 
The first lever you describe is the 
promotion of behavioral change 
through digitalization. How does 
that work exactly?

Everyone knows how difficult it is to 
break old habits. In my view, bringing 
about and anchoring behavioral change 
is the biggest challenge in prevention. 
The power of small nudges is empha-
sized everywhere, but their effect is 
often very limited. Changes are easier 
to bring about when it is not a major 
burden for the patient and when they 
can clearly see or even feel the neces-
sity for it. The further in the future 
the positive effect lies and the greater 
the effort involved in the changeover, 
the more difficult it becomes. Digital 
technologies can help here in a big way. 
They extend the doctor or therapist 
from the few minutes in the practice to 
24/7 care around the clock. If they are 

well designed, they are fun, motivating 
and informative. They are the personal 
trainer for everyone. They can be very 
effective, especially in combination 
with the doctor, and at the same time 
extremely cost-effective. 

The digitalization of healthcare is 
about technology, apps, algo-
rithms, data and sensors. Does 
this mean we are moving away 
from a humane medicine?

No, if we do it right, the opposite 
will happen. Technology supports and 
extends the doctor, it does not replace 
him or her. And it supports the patient. 
Technology helps us to be much closer 
to the individual and to involve the doc-
tor when support is really needed. 

In the area of prevention, it works 
a bit like with a car. There, dozens of 
parameters such as oil temperature and 
tire pressure are constantly measured 
without saying. If a parameter leaves 
its normal range, an orange or red light 
comes on. With digitalization, this can 
be more and more the case with peo-
ple. Our digital helpers are constantly 
measuring our blood pressure, blood 
sugar levels and heartbeat in the back-
ground and report before the disease 
becomes visible. We cannot feel blood 
pressure and triglyceride levels our-
selves, and the same applies in health-
care: what I cannot measure, I cannot 
manage. 

Are we Europeans generally less 
open-minded about new technol-
ogies?

Unfortunately, it is a European per-
spective to emphasize the risks. Dig-
italization fuels many fears in us. The 
Chinese are more open in this regard, 
as are North Americans. Let me ex-
plain: in our part of the world, the first 
question is always about regulation and 
security. Innovation then takes place 
elsewhere, not here in Switzerland or 
in Europe. We may have the most com-
prehensive data protection laws, but 
we have hardly any digital business. We 
are beginning to regulate AI before we 
understand it. I have the uncomforta-
ble feeling that our biggest export is the 
raised index finger. And yet innovation 
is becoming faster and faster, more ag-
ile. We have to have a certain basic trust 
in the legality and solidity of innovative 

“Our healthcare 
system is a  

disease system,  
because only  

visible disease  
is the entry  

ticket into today’s 
healthcare  
system.”
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new things. Innovative companies are 
where you can try out new things, and 
that is often no longer the case here.

In many countries, health systems 
are controlled by the way they are 
financed. This is often primarily 
about business with a wide range 
of vested interests. Can digitaliza-
tion help to untangle this?

I am convinced it can. But we have to 
remember that information technology 
acts as an amplifier. If I digitize a poorly 
organized system without changing it, 
without an overarching concept, then it 
will become much worse. So, let’s say I 
have a hospital and I require all depart-
ments and doctors to manually enter 
all medical data into a computer. That’s 
not a good idea. 

Has the Covid-19 pandemic 
helped us in terms of digitaliza-
tion? 

Yes, massively. Necessity has become 
a virtue. Good telemedical services have 
been developed quickly. In Sweden, 45 % 
of appointments with general practi-
tioners are handled by telemedicine. 
This relieves the pressure on the health-
care system there enormously. In terms 
of digitalization, Scandinavian countries 
have developed faster than the rest of 
Europe. We can learn from that.

Does digitalization also increase 
efficiency? Where do you see in-
efficiency and where can costs be 
saved without a loss of quality?

Many cost drivers are due to ineffi-
ciencies, that is, to “waste” in the sys-
tem. Digitalization helps here to create 
transparency and avoid redundancies 
by giving every treating physician easy 
access to all previous examination re-
sults and health data concerning his 
or her patient. Digitally supported tri-
age systems can also help to relieve the 
pressure on expensive and notoriously 

“There is no 
glory in 

prevention.”

easily access their health data and se-
cure health knowledge. This strength-
ens a patient’s autonomy and changes 
the relationship between patients and 
doctors.

Can digitalization significantly 
improve the quality of medical 
services? Is it already doing so?

In a lecture at the University of 
Zurich on the occasion of a medical 
congress, I asked the question to a full 
lecture hall: Do you think that digital 
therapies in 2030 will be better than the 
poorer half of conventional therapies? 
The doctors voted anonymously via an 

overburdened hospital emergency 
rooms. From a medical point of view, 
up to 55 % of emergency room visits 
are unnecessary or avoidable.

You mention that digitalization 
is democratizing medicine. Can 
you explain that?

Medical services that can be pro-
vided digitally are many times cheaper 
and are not tied to time or location. 
They are accessible and affordable for 
almost everyone. They are also easy 
to measure and thus transparent and 
comparable. And they enable every 
citizen, whether sick or healthy, to 
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the vast majority voted yes. The reason 
is simple: medical knowledge is explod-
ing. It expands with every new scientif-
ic publication. A single researcher can 
hardly keep up in his or her field, and 
a practicing physician has no chance at 
all. A good AI, whether in the field of 
diagnosis or intervention, will soon be 
consistently better than the average 
doctor. In some areas, such as imaging 
techniques, this is already the case. 

Thanks to digitalization, medical 
knowledge can be created from 
data, which basically benefits 
everyone. However, the handling 
of health data as a public good is 
the subject of heated and con-
troversial discussion. How do you 
assess this development?

Medicine is an empirical science. Its 
core, clinical studies, are conducted to 
collect and analyze data in order to test 
hypotheses and make evidence-based 
decisions. Not only data from clini-
cal studies helps, but increasingly also 
health data that patients themselves 
generate and collect digitally. From 
a medical point of view, this is an in-
finite treasure trove that is becoming 

massively more important with digi-
talization. Countries in which this data 
is not available due to ideological data 
protection will be at a disadvantage in 
medical research in the medium term. 
The latest developments will then take 
place elsewhere. Unfortunately, I speak 
from experience here. 

When you see what people post on 
Facebook and Instagram, you get the 
impression that it’s not the general 
public that has a problem with data 
protection, but just a small, loud and, 
above all, healthy elite. Anyone who is 
ill and looking for help is very willing 
to share their data – anonymized and 
secure, of course – for research purpos-
es. In my view, donating data is the new 
blood donation.

You are talking here about so-
called “citizen scientists”. These 
could provide a sound knowledge 
base. What does that mean and 
how great is the real potential?

Every single person can contribute 
to medical progress by collecting their 
health data and making it available to 
research in anonymized form. Firstly, 
my data helps me for prevention pur-
poses and in the event of illness. Sec-
ondly, they contribute a tiny bit to my 
children and grandchildren being able 
to benefit from better medicine. Some 
people are already going a step further 
in specially organized programs by 
participating in voluntary studies, for 
example on the effects of different eat-
ing habits. They are then called citizen 
scientists. 

Do you advocate making health 
data widely available for medical 
research?

Yes, definitely. If the data is an-
onymized and secure, then the vast ma-
jority have no problem with it, but see 
it as a contribution to the future health 
of society. Therefore, I am a big fan of 
the opt-out variant, in which citizens 
who do not want to donate data must 
actively decide against donating data 
and are otherwise included by default. 
Incidentally, this is one of the few small 
nudges with a big impact.

According to the WHO, integrated 
health systems should play an 
important role in the future. This 
will increase efficiency and the 
quality of services because coor-
dination will improve. How do you 
assess this development?

Today, the reality is often that pa-
tients run from one doctor to another, 
from one specialist to another, exami-
nations are carried out multiple times, 
redundancies arise and different data 
sets are created. The individual players 
are not coordinated with each other 
and certainly not integrated. Integrated 
would mean that the patient is truly the 
focus, and all parties have an interest 
in the patient recovering as quickly as 
possible. This would mean that at least 
a good portion of the compensation 
would be based on results. The medical 
service providers would be judged by 
the success of the healing process and 

“Donating 
data is the new 
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carried out and medications prescribed. 
This requires that they all pursue the 
same goal, are incentivized in parallel 
and work together. Everyone accesses 
the same data and works together for 
the good of the patient. A good example 
of this is an integrated type I diabetes 
clinic in the Netherlands that has just 
been analyzed in the renowned New 
England Journal of Medicine Catalyst.

You say that prevention today 
fails mainly because of the lack of 
a business model. Are there any 
examples that point to a possible 
way forward?

I am particularly fascinated by mod-
els that take a personalized and evi-
dence-based approach. The first com-
pany we noticed that does this is called 
insidetracker.com and is based in Cam-
bridge near Boston, USA. I can upload 
my blood count as a PDF and an AI will 
use it to derive personalized nutrition 
recommendations. Each of these recom-
mendations is backed up with the scien-
tific publications on the clinical studies. 
A few months later, I can upload my new 
values and see if anything has changed 
for the better or worse. The logic of 
measuring and managing is implemented. 
Function Health, also based in the US, 
offers a similar service, as does the com-
pany Aware in Germany and Care.me  
in Switzerland. These are used by people 
who want to age healthily and cannot 
find the appropriate support in the tra-
ditional healthcare system.

Are these new players in the 
healthcare sector in competition 
with traditional medicine? 

No, I don’t see it that way. Rather, 
they complement it; each has its own 
focus and is optimally aligned with its 
core task in terms of costs. Healthy 
customers who, as part of prevention, 
are diagnosed with conditions such as 
prediabetes, switch to the traditional 
healthcare system and then come back 
again. This can already be seen today at 
Care.me, for example. 

What role does technology play in 
prevention? 

Prevention must be accessible to 
everyone and as straightforward and 
cost-effective as possible. Digital tech-

nologies play a key role here because 
their marginal costs are almost negli-
gible. An evidence-based, personalized, 
patient-centered, always up-to-date, 
easily accessible and affordable pre-
vention service is hardly conceivable 
without massive digitalization. That is 
why we at the Center for Digital Health 
Interventions at ETH Zurich, UZH 
and HSG are working with partners in 
North America and Singapore on digi-
tal biomarkers, digital health interven-
tions and the corresponding platforms. 

In your book “The Digital Pill”, you 
ask the rhetorical question “Why 
isn’t health a compulsory school 
subject?” Yes, why not?

We all went to school and didn’t real-
ly learn anything about how to maintain 
and promote our health, except maybe a 
few physical exercises (laughs). Perhaps 
the time has come for us to integrate 
health as a comprehensive topic into a 
school subject. Basically, it’s about an 
essential life topic, such as social stud-
ies or financial literacy. It could be based 
on the four pillars of health prevention 
in an appealing way: exercise, nutrition, 
sleep and stress management. In such a 
subject, you would not primarily learn 
for school, but for life.

“The Digital Pill”, the book 

Our healthcare 
system is under 
great pressure to 
change: ground-
breaking medical 
advances are 
allowing us to live 
longer, but our 
increasingly un-
healthy lifestyles 

mean that we suffer from chronic 
illnesses more and more often. This 
is driving up healthcare costs and 
undermining our successful system. 
Accelerating digitization in health-
care is one way to counter rising 
costs while providing better care for 
the sick. “The Digital Pill – A Journey 
into the Future of Our Healthcare 
System” (Campus Verlag) provides a 
global overview of today’s healthcare 
system, its considerable successes 
and the challenges posed by medical 
progress and an aging population, 
and shows how digitalization can 
help solve these problems. Using the 
example of five chronic illnesses, this 
publication shows what digital in-
novations can already achieve today 
and takes us on an exciting journey 
into the digital future of our health-
care system.

The Center for Digital Health Interventions (www.c4dhi.
org) is a joint initiative of ETH Zurich, the University of  
Zurich and the University of St. Gallen (HSG). For over  
10 years, interdisciplinary teams from computer science, 
medicine and social sciences have been working there 
on evidence-based and cost-effective personalized digital 
therapies for the treatment and prevention of chronic dis-
eases. They develop and evaluate digital biomarkers, digi-
tal and hybrid interventions, and new business models. 
The center is financed by projects of the Swiss National 
Science Foundation (SNSF), the US NIH, the Singapore 
NRF, the Swiss Health Promotion Foundation and compa-
nies such as CSS. It publishes its results in leading scien-
tific journals, in books, teaching materials and in the form 
of open source software. Elgar Fleisch is co-founder and 
co-chair of the center.

Centre for Digital  
Health Interventions
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The modern scientific exploration of 
Mind Body Medicine gained momen-
tum in the 20th century, particularly 
through the work of Herbert Benson. A 
cardiologist at Harvard Medical School, 
Benson is best known for recognizing 
the Relaxation Response – a physiolog-
ical state counteracting the stress-in-
duced fight-or-flight response. Building 
upon this foundation, Gustav Dobos 
and Anna Paul advanced Mind Body 
Medicine in Germany by including more 
evidence-based complementary ther-
apies. In Switzerland, we introduced 
Mind Body Medicine in 2014 and strong-
ly linked it with health psychology as 
shown by the combined postgraduate 
training for health professionals at the 
University of Zurich [1]. 

In 2024, we decided to foster a Whole 
Person Health approach and expand 
upon the principles of Mind Body 
Medicine by looking beyond individual 
symptoms to the broader interplay of 
biological, behavioral, social, and envi-
ronmental factors. As defined by the Na-
tional Institutes of Health in the USA, 
Whole Person Health is an approach 
that considers the individual as an inter-
connected system rather than a collec-
tion of separate organs or symptoms [2]. 

Instead of solely treating illness, Whole 
Person Health focuses on empowering 
individuals and communities to take an 
active role in their well-being through 
self-care, lifestyle, and behavioral inter-
ventions [2]. The “Temple of Health” 
visualizes this concept and shows how 
different levels can be used to promote 
self-care and self-efficacy and reduce 
symptoms through multimodal ther-
apies. A key aspect of the Mind Body 
Medicine concept is its personalized 
approach, tailoring interventions to in-
dividual needs in both individual and 
group settings. The Temple of Health 
(Figure 1) visualizes the relevant el-

ements of the Whole Person Health-
Mind Body Medicine concept.
The foundation of the temple illustrates 
essential aspects that should be con-
sidered in Mind Body Medicine recom-
mendations, such as physical and men-
tal health status, living circumstances, 
personality, and mindset. Mindfulness is 
seen as a foundational element that can 
be nurtured through specific interven-
tions or combined with other approaches. 
The six pillars serve as resources that 
can be strengthened through targeted 
interventions. They include physical ac-
tivity, nutrition, relaxation and breath-
ing, sleep, complementary self-care 

Author — Claudia M. Witt, MD, MBA

Mind Body Medicine is a modern, integrative health 
concept that bridges the connection between body 
and mind, promoting self-care as both a preventive 
and therapeutic concept. By combining research data 
and experience from health professionals from dif-
ferent fields (complementary medicine, psychology, 
nutrition, and sports science), Mind Body Medicine 
empowers individuals to manage symptoms and build 
resilience. Managing stress and its impact on mind 
and body is an important aspect of Mind Body Medicine.

Claudia M. Witt, MD, MBA

Professor and Chair  
for Complementary  

and Integrative Medicine  
University of Zürich

Whole Person Health  
considers the individual as  

an interconnected system rather  
than a collection of separate  

organs or symptoms.
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of the pillars have long been fundamen-
tal to Mind Body Medicine, while the 
sixth was only recently introduced. In-
creasing scientific evidence showed that 
contact with nature positively impacts 
health and well-being. Additionally, the 
arts – including music, painting, dance, 
and museum visits – have been shown to 
further reduce symptoms and enhance 
overall well-being. 
The Mind Body Medicine approaches 
displayed in the ceiling support emo-
tional regulation and cognitive pro-
cesses. The temple’s various levels also 
shape the relationships with ourselves, 
others, and digital tools as displayed in 
the roof of the temple.

The Science behind Mind Body 
Medicine: Evidence and Application 
Mind Body Medicine interventions are 
evidence informed and based on the 
three pillars of Evidence Based Medi-
cine: clinical research, experience of the 
health professionals, values and needs of 
the patients/persons. The interventions 
applied in Mind Body Medicine have 
shown positive effects across multiple 
health domains. Within the concept, 
they are usually adapted to the respec-
tive treatment aim (e.g. stress manage-
ment, fatigue in cancer patients).
For example, Mind Body interventions 
have shown to be    in managing distress 
in patients with chronic pain or cancer. 
Therefore, interventions such as yoga, 

qigong, mindfulness, acupressure and 
others are recommended in clinical prac-
tice guidelines for supportive cancer care 
[3]  or treatment of chronic low back pain 
[4]. Practices like yoga, tai chi/qigong, Pi-
lates, mindfulness, and breathwork can 
be cost-effective approaches to manag-
ing anxiety [5].  Other studies taking a 
more preventive approach have found 
that medical students and healthcare 
professionals can also benefit from Mind 
Body Medicine courses. Participants in 
these courses developed higher levels of 
self-compassion [6].

The Digital Age: Challenges and 
Opportunities
At its core, Mind Body Medicine is 
about connection – between mind and 
body, but also within an increasingly 
digital world. While artificial intelli-
gence (AI) and digitalization can be 
misconstrued as disruptions that blur 
this connection, research suggests they 
can also serve as bridges, strengthening 
self-awareness and well-being when 
used intentionally. The key is learning 
to navigate this evolving landscape: 
identifying stressors, recognizing op-
portunities, and leveraging technolo-
gy to enhance, rather than diminish, 
mind-body integration. To understand 
Mind Body Medicine is to understand 
the power of connection – in all its 
forms.

The rise of AI in the workplace brings 
both challenges and opportunities 
for Mind Body Medicine. While AI it-
self doesn’t directly cause burnout, it 
creates conditions that can heighten 
stress, such as role ambiguity, increased 
job expectations, and job security con-
cerns [7]. Many employees experience 
the classic burnout triad: emotional ex-
haustion, depersonalization, and a di-
minished sense of accomplishment [7]. 
How individuals perceive these techno-
logical shifts plays a crucial role – those 
with confidence in their ability to adapt 
report lower stress levels, while uncer-
tainty about mastering AI-related skills 
can intensify anxiety [8].

At the same time, AI is expanding the 
potential of Mind Body Medicine, offer-
ing personalized approaches to stress 
management and well-being. Wearable 
devices, biofeedback systems, and re-

The Temple of Health

FIGURE 1

Whole Person Health Mind Body Medicine © 2024 by Witt, C.M. et al. is licensed under CC BY-ND 4.0.
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laxation apps for patients with certain 
diseases and symptoms [9] now pro-
vide real-time insights and interven-
tions that were once accessible only 
through specialized practitioners [10]. 
In the workplace, AI-supported well-
being programs have the potential to 
individualize preventive and therapeu-
tic support, while virtual counseling 
platforms make professional guidance 
more accessible [11].
However, for these digital Mind Body 
Medicine tools to be truly effective, 
they must address key concerns, includ-
ing algorithmic bias, privacy issues, and 
the need for human-centered design. 
AI should complement, not replace, 
traditional practices, ensuring technol-
ogy enhances rather than diminishes 
the holistic nature of healing [10] [11]. 
The future of Mind Body Medicine in 
the digital age lies in striking this bal-
ance – leveraging AI’s capabilities while 
preserving the deeply personal and 
integrative essence of the Mind Body 
Medicine practices.

Mind Body Medicine in Switzer-
land and Beyond
Globally, Mind Body Medicine adop-
tion varies widely, from implementa-
tion of single interventions (e.g. yoga) 
to application of a more conceptional 
approach. Despite growing evidence 
supporting Mind Body Medicine’s role 
in patient care, widespread implemen-
tation remains inconsistent due to the 
heterogeneity of offers and gaps in 
awareness, education, and integration 
into healthcare systems. Dispelling 
misconceptions will be key to shifting 
health care toward a more holistic, pre-
ventative model – one that empowers 
individuals to take an active role in 
their health.
As Mind Body Medicine gains recogni-
tion, its future lies in its conceptional 
and personalized approaches that tai-
lor interventions to individual needs, 
optimize treatment frequency, and 
seamlessly integrate into mainstream 
healthcare [12]. In Switzerland, the 
Mind Body Medicine Association for 
Health Professionals (www.sfmbm.
org) and the structured postgraduate 
university training improve the quality 
of Mind Body Medicine Services.
Digital tools can support better inte-
gration into daily life, thus expanding 

accessibility. Many individuals seek 
to take an active role in their health, 
whether during intensive medical 
treatment, after completing therapy, or 
as part of general health maintenance 
and prevention. In such situations, 
self-care measures can offer valuable 
support. We provide access to a range 
of these methods, including relaxation 
techniques, mindfulness practices, and 
a specific range of exercises that can be 
performed in nature (Figure 2).

FIGURE 2

Mind Body Medicine is about  
connection – between mind  

and body, but also within  
an increasingly digital world.
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Our body needs enzymes to function properly.  
We need them for all metabolic processes. Without  
enzymes, we would not be able to live. They also  
play a crucial role in our oral health. This is why  
Swiss Dental Company CURADEN has been investing 
for years in basic research into enzymatic applications.

Dr Michel-Angelo Sciotti is an innova-
tion researcher and project manager 
for Life Sciences at the University of 
Applied Sciences Northwestern Swit-
zerland in Muttenz. A molecular bi-
ologist, he has extensive experience 
in the application of enzymes. He has 
been working on the use of enzymes in 
toothpastes for CURADEN since 2013. 
The backstory is that CURADEN’s own-
er Ueli Breitschmid initiated a meeting 
with Sciotti and on the spur of the mo-
ment exclaimed: “Enzymes are a great 
thing!” And indeed they are: our genes 
are essentially a ’construction manual’ 
for enzymes and other proteins. “To 
put it simply,” says Sciotti, who took 
Breitschmid’s opening gambit with 
good humour, “genes are basically the 
code text, and enzymes are able to read 
this code, interpret it and process it 
further.” Looked at like this, enzymes 
form the basis of life. “Of course that’s 
great...” Sciotti jokes. Enzymes are a 
main category of proteins that are re-
garded as ’little chemists’ because they 
control the chemical processes in our 
cells. Composed of amino acids, they 
are highly complex molecules that act 
as biocatalysts. This means that they 
have the ability to accelerate the re-
action rate of biochemical processes. 
There are around 5,000 reactions that 
can be accelerated by enzymes. Each 
enzyme is responsible for one function.

Enzymes enable metabolism
Molecular biologists such as Sciot-
ti know that it is primarily enzymes 
that enable cells and thus organisms 
to function and make life possible in 
the first place. They are required for 
all chemical reactions that take place 
in the human body. These include, for 
example, the regeneration of cells or 
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Stissue and the removal of waste prod-
ucts and toxins, as well as supporting 
the immune system. Enzymes are the 
driving force in our body and are there-
fore responsible for all the functions of 
every single organ in our body. 
Enzymes make it possible to metab-
olize and use energy from food. They 
help the body to digest food and absorb 
nutrients from proteins, carbohydrates, 
fats and plant fibres. But we also need 
them to see, hear, smell, taste, breathe 
and move. 
Receptors are molecules on the cell 
surface that respond to a chemical sig-
nal from outside the cell and trigger 
mechanisms that generally lead to the 
function of certain genes that influence 
cell function. Interestingly, almost all 
receptors are also enzymes or exert 
their effect through the activation of an 
enzyme. Simply put: enzymes really get 
our organism going!

Enzymes in saliva
Like other bodily fluids, saliva is hard-
ly a tasteful conversation topic. But 
this secretion deserves our appreci-
ation, not only because it lubricates 
our mouths and enables us to swallow 
food. Salivary glands are found in many 
animal species and have evolved in ani-
mals over millions of years for all sorts 
of purposes. Snakes use them to pro-
duce venom, fly larvae use them to pro-
duce silk and mosquitoes use them to 
inject chemicals to prevent blood from 
clotting as they suck our blood. Some 
birds even use their saliva as ’glue’ to 
build their nests. For humans, saliva 
and the enzymes and other substances 
it contains are vital in a different way. 
Our taste buds need a liquid medium 
so that the molecules we perceive as 
flavours can reach them. This is what 
allows us to distinguish between dif-
ferent flavours in our food. Saliva has 
evolved for precisely this function. 
Saliva is also responsible for initial ’di-
gestion’ in the mouth: It contains en-
zymes that break down food, including 
amylase, which converts starch into 
sugar. Its work continues on the food 
residue between the teeth. A little at-
tention is all it takes to notice its effect: 
the more we chew a piece of bread, the 
sweeter it tastes. This is why babies 
love to suck on a piece of bread.

Calcium and fluoride not only in 
toothpaste
If dentists are so keen to insist that 
we eat less sugar, it is because among 
the 700 types of bacteria in the mouth, 
there are some that feed on these sweet 
substances and produce acids that at-
tack our tooth enamel and cause tooth 
decay. Fortunately, saliva constantly 
washes away bacteria and restores the 
neutral pH of the mouth. Most drinks 
are a little acidic, including orange and 
apple juice – and even milk. They taste 
sweet because they contain sugar. Cola 
drinks typically have a pH of 2.5. By way 
of explanation, the lower the value on 
a scale of 0 to 14, the higher the acid-
ity, with pure water being the bench-
mark for a neutral pH of 7. Saliva is not 
only the first barrier against bacteria, 
but also contains calcium, phosphate 
and fluoride. These elements adhere 
to tooth enamel and repair it. Proteins 
stored in saliva coat the enamel and 
protect it from acids. Bacterial colo-
nies, for their part, form ’protective 
shields’ after eating. If calcium is then 
added with the saliva, tartar forms.

Toothpaste containing enzymes
This makes saliva a special ’juice’ with 
a variety of functions for dental and 
oral health: it cleans, protects and re-
generates the teeth. How important it 
is often doesn’t become clear until it is 

lacking. This is because a reduced saliva 
flow, as well as an altered composition, 
significantly increases the risk of tooth 
decay, tooth erosion and periodontitis. 
An enzymatic toothpaste intensifies the 
protective functions of saliva, uses and 
activates the natural defence systems 
and activates new ones inspired by oth-
er biological systems. CURADEN’s ’Be 
you’ toothpaste, for example, mimics 
the enzymatic antibacterial protection 
of, among others, honey. And these 
defence systems are urgently needed. 
When combating tooth decay, the aim 
is to reduce the population of certain 
bacteria and the protective plaque they 
form (e.g. Streptococcus mutans), but 
without eradicating them completely. 
Streptococcus mutans is a typical ’pio-
neer’ of oral flora: it stimulates the col-
onization of other bacteria and – if our 
oral hygiene is out of balance – it may 
cause the acidification that is responsi-
ble for caries formation. But basically, 
these bacteria are our ’table guests’ and 
cannot simply be regarded as bad guys, 
especially as they prevent opportun-
istic infections caused by other germs 
and are important for a healthy, rich 
oral flora. But only as long as proper 
oral hygiene is practised. Opportunistic 
pathogens, i.e. fungi and bacteria that 
are not part of our oral flora, are often 
responsible for inflammation and clin-
ical conditions. The approach adopted 
by innovation researcher and molecu-
lar biologist Michel-Angelo Sciotti: “We 
add enzymes to the toothpaste, i.e. we 
strengthen a naturally existing system 
by adding enzymes obtained from the 
black mould Aspergillus Niger.” The 
better the enzymatic reaction works, 
the better it supports the natural sys-
tem of our oral flora. And this is pre-
cisely at the core of Sciotti’s research 
work for CURADEN, which has already 
been successfully applied in tooth-
pastes such as ’Be you’. “The principal 
aim of our next development in en-
zyme application,” Sciotti says, “is to 
find specific enzymes in the databases 
that can break down or render harmless 
unfavourable and/or harmful substanc-
es such as plaque, caries or periodontal 
disease-promoting components – or, on 
the contrary, to produce positively act-
ing substances that reduce the bacterial 
population and plaque formation.” 

It is primarily  
enzymes that  
enable cells  

and thus organ-
isms to function 

and make life 
possible in the 

first place.
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How fish casings could 
play a role in future skin-
care products 
There are some pretty weird ingredi-
ents in cosmetics and skincare prod-
ucts. One example is snail mucin, which 
is used for its moisturizing and antiox-
idant properties. But researchers re-
porting in the journal ACS Omega may 
have found something even stranger to 
smear on your face: molecules made 
by fish gut bacteria. In cultured cells, 
the compounds showed skin-lighten-
ing and wrinkle-preventing properties, 
making them potential ingredients for 
your future skincare routine.
Even though fish intestines seem to 
be the absolute last place to look for 
cosmetic active ingredients, the idea 
is not completely far-fetched. Many 
important drugs have been found in bi-
zarre places – the antibiotic properties 
of penicillin were famously discovered 
after a failed experiment went moldy. 
More recently, the brain cancer drug 
marizomib has been extracted from mi-
crobes found in marine sediments on 
the seabed. Two potentially untapped 
sources of new compounds could be 
the gut microbes of red sea bream and 
black-headed sea bream, fish found in 

the western Pacific. Although these mi-
crobes were first identified in 1992 and 
2016, respectively, there have been no 
studies on the compounds they make. 
Hyo-Jong Lee and Chung Sub Kim 
therefore wanted to find out whether 
these bacteria produce any metabolites 
that could have cosmetic benefits.
The team identified 22 molecules formed 
by the gut bacteria of red sea bream  and 
black-headed sea bream. They then in-
vestigated the ability of each compound 
to inhibit the enzymes tyrosinase and 
collagenase in lab-grown mouse cells. 
(Tyrosinase is involved in melanin pro-
duction, which causes hyperpigmenta-
tion in aging skin. Collagenase breaks 
down the structural protein collagen 
and thus causes wrinkles). Three mole-
cules from the red sea bream bacterium 
inhibited both enzymes best without 
damaging the cells, making them prom-
ising anti-wrinkle and skin-lightening 
agents for future cosmetic products.

Fish casings for flawless skin?

EMPA³ researchers and 
biotech start-up develop 
nanoceramics against 
skin diseases
Widespread skin diseases such as pso-
riasis or neurodermatitis are difficult to 
treat. Together with an industrial part-
ner, EMPA researchers have found an 
innovative solution: nanoceramic stars 
create tiny skin wounds and allow nu-
cleic acid molecules to reach their site 
of action.
When materials scientists look at the 
stars, they may be able to see the future 
– at least when it comes to stars made 
of nanoceramics. EMPA researchers in 
Dübendorf and Thun are developing in-
novative treatment methods for wide-
spread skin diseases together with their 
industrial partner ALDENA Therapeu-
tics. The team relies on nanoceramic 
stars that “go through the skin”. 

Channeling therapies into the skin
Modern active ingredients would not 
penetrate deep enough into the af-
fected skin layers if they were applied 
to conventional ointments or lotions. 
However, if the skin could be made per-
meable in the short term, the large ther-
apeutically effective molecules could 
be channeled to their destination. For 

1 �Red sea bream, Order Eupercaria, Family Sparidae 
Marine fish with regularly ossified skeleton. Body oblong, 
quite deep, with small head, of superior profile quite 
convex and short nose. Large eyes. Medium mouth; the 
front teeth of both jaws are curved and pointed. Silver 
gray, pinkish or reddish color and a black spot on the 
lateral line.

Stardust in 
the bathroom N
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Sexample, siRNA molecules, short for 
“small interfering RNA”, are used for 
new therapies. These molecules can 
contribute to the regulation of protein 
production through targeted interac-
tions with the body's own messenger 
RNA (mRNA). This can interfere with 
disease processes and block damaging 
processes. Drugs with this principle of 
action already exist for some metabolic 
disorders and hereditary diseases.
Michael Stuer and Patrick Hoffmann 
(EMPA) therefore used nanoceramics 
made from alumina particles to create a 
three-dimensional, sharp-edged shape. 
After sintering, three-armed stars with a 
diameter of around 0.8 millimeters were 
formed, which can be used to temporar-
ily open the skin barrier for the siRNA 
molecules. “The 3D stars with tapered 
arms cause micro-wounds in the skin 
that quickly close on their own,” ex-
plains Michael Stuer. However, there is 
enough time for the active ingredient 
molecules to penetrate the skin.

Prick-free medication
But EMPA and its industrial partner 
ALDENA Therapeutics want to go even 
further: In a next step, Stuer wants to 
change the recipe so that the nanoce-
ramic stars become biodegradable or 
decay into (star) dust after application. 
In the future, the current ceramic ma-
terial could be bound to a biopolymer 
or replaced by a bioglass. This would 
significantly expand the area of applica-
tion. “Patients could then simply wash 
off the therapy stars after application,” 
says Stuer.
And finally, the area of application is not 
limited to skin diseases. For example, up 
to 30 percent of all children and young 
adults suffer from a phobia of injections. 
Administering a remedy by injection 
to those affected triggers great anxiety 
and even fainting. In everyday medical 
practice, this is a challenge for everyone 
involved. The nanoceramic stars could 
also be a good solution to supply these 
people with the necessary drugs or vac-
cines easily and without skin pricks, ac-
cording to the EMPA researcher.

Ig Nobel Prize goes to 
Takanori Takebe for his study 
on “breathing with the butt”
Go ahead, make jokes – 
but seriously, this  
research could one day 
save lives.
On the one hand, Takanori Takebe (MD, 
PhD), would prefer to be remembered 
for his numerous groundbreaking con-
tributions to organoid medicine. On 
the other hand, the expert from Cincin-
nati Children's and Tokyo Medical and 
Dental University may never be forgot-
ten for his work showing that people 
can “breathe” through their butts.
Takebe's unusual finding about an al-
ternative way to oxygenate the blood-
stream made headlines when a success-
ful animal model study was published 

on the cover of the journal “Med” in 
June 2021. Now he has received the 
ultimate biting scientific award: an Ig 
Nobel Prize².
Takebe is from Japan and has held ac-
ademic positions in Tokyo and the 
United States. At Cincinnati Children's, 
Takebe is director of commercial inno-
vation at the Center for Stem Cell and 
Organoid Research and Medicine (CuS-
TOM). In Japan, he is a professor at the 
Tokyo Medical and Dental University 
Research Institute.
 A few years ago, he was also concerned 
about a strange, eel-like fish called 
loach. Sometimes this freshwater bot-

tom dweller gets into water that con-
tains too little oxygen. In this case, 
the fish supplements water respiration 
through its gills by sucking surface air 
directly into its intestines.

What if people could do  
something similar? Well, it  

seems quite possible.

“There are numerous health conditions, 
including shortness of breath in new-
borns, that can threaten life because 
the ability of the lungs to deliver oxygen 
to the bloodstream is disrupted. These 
include injuries or inflammation of the 
airways, pneumonia that fills the lungs 
with fluid, and so on. During the COVID 
pandemic, many patients suffered from 

the global shortage of ventilators and 
limited access to ECMO,” says Takebe. 
“Enteral ventilation could be an impor-
tant alternative for oxygen supply. Our 
initial studies show that our ventilation 
system is able to support patients with 
severe respiratory failure.”
The concept of butt-breathing involves 
the administration of a liquid (per-
fluorocarbon) that can be loaded with 
much more oxygen than water normally 
contains. Administered through a rec-
tal tube, the lower intestine can absorb 
oxygen from the fluid and direct it di-
rectly into the bloodstream – similar to 
an enema. Takebe and colleagues have 
shown that this method has helped ro-
dents and pigs survive oxygen-deficient 
conditions that would otherwise have 
been fatal. More research is needed to 
evaluate and fine-tune the delivery sys-
tem, especially for sick people in differ-
ent situations. 

1 �The Ig Nobel Prize (ig = ignoble) is a satirical award to 
honor achievements that first make people laugh and 
then make them think. The prize is awarded by the Cam-
bridge-based journal Annals of Improbable Research.

3 �Swiss Federal Laboratories for Materials Science  
and Technology



T H E  E S S E N C E

5 3

T H E  E S S E N C E

5 2

N
E

W
S

Pesticides are not always needed: In an 
extensive field study, researchers at the 
University of Zurich have shown that 
biodiversity  within a plant species can 
be used for pest control. This is because 
species with different genotypes work 
together to ward off the attacks of her-
bivorous insects.
Plants interact with the individuals 
they surround – just like humans. If, 
for example, people in the environment 
are susceptible to infections, one's own 
risk of infection increases. However, 
if they are resistant, it decreases. The 
same applies to plants: when different 
genetic types of the same species are 
planted together, certain combinations 
are more resistant to pests and diseas-
es. This positive effect on biodiversity 
is called associative resistance.

Food security and biodiversity 
protection
One of the challenges of modern soci-
eties is to reconcile food security with 
environmental protection and biodi-
versity. Pests and diseases threaten 
harvests, which is why chemical pesti-
cides are used in agriculture. However, 
pesticides can reduce the diversity of 
insect species. “This is where associa-
tive resistance as a cultivation method 
to secure food production and at the 
same time preserve biodiversity could 
help,” says Kentaro Shimizu, Director 

of the Institute of Evolutionary Biolo-
gy and Environmental Sciences at the 
University of Zurich (UZH).
But which combinations of plants with 
different genotypes – the individual ge-
netic endowments – should be planted 
in mixed stands to ward off pests and 
diseases? For example, if you want to 
select two out of a total of 199 geno-
types, there are 19,701 possible com-
binations. With the help of a physical 
model, UZH researchers have now de-
veloped a new method to predict possi-
ble interactions between individuals at 
the genetic level.
 
Extensive fieldwork on the Irchel 
campus
The researchers conducted large-scale 
experiments on the Irchel campus of 
UZH and in Japan over a period of two 
years. The genome sequences for the 
199 genotypes of the plant Arabidop-
sis thaliana collected worldwide were 
already available. The researchers ran-
domly mixed more than 30 individuals 
of each of the 199 genotypes and plant-
ed a total of 6,400 individuals. This im-
mense data set, which was collected on 
the Irchel campus thanks to the univer-
sity's research garden, was the key to this 
study,” says UZH Professor Shimizu.
Until now, there have been no analytical 
methods to investigate the interactions 
at the level of the genome – the entire 

Fighting pests with biodiver- 
sity instead of insecticides

genetic information – between neigh-
boring plant individuals. Dr. Sato's team 
therefore developed a new computer 
method: a genome-wide association 
study called “Neighbor GWAS”. This 
is based on a model of physics used to 
analyze interactions between magnets. 
The team used it to analyze how pest 
infestation is influenced by the combi-
nation of juxtaposed individuals with 
different genotypes. At the same time, 
the researchers took into account the 
results of the field trials.

Pest reduction of up to 25 percent
The analysis showed that numerous 
genes are involved in interactions with 
surrounding individuals. Using machine 
learning, the plant scientists were able 
to use the model to predict the damage 
of herbivores and identify advantageous 
combinations of genotype pairs that 
have associated resistance.
Over the course of two years, another 
large-scale field trial was carried out 
and around 2,000 plant individuals 
were planted in pairs with those gen-
otypes for which three levels of asso-
ciative resistance were predicted. The 
results from the field trial showed that – 
compared to planting a single genotype 
– the mixture of two genotypes reduced 
damage caused by herbivores by 24.8 
percent and 22.7 percent, respectively, 
at the highest and second-highest levels 
of associative resistance, respectively.

Future developments
“This study is a milestone in research 
into the interactions between plant 
individuals. It shows how important 
biodiversity is: Firstly, the genetic di-
versity of crops itself can reduce pest 
infestation. Secondly, fewer pesticides 
in agriculture contribute to preserving 
biodiversity, including insects,” Kenta-
ro Shimizu summarizes.
Meta-studies show that wheat and rice, 
for example, achieve between 4 and 
16 percent higher yields when geno-
types are randomly mixed. According 
to Shimizu, thanks to the genome in-
formation available for these crop spe-
cies, the new method could optimize 
the selection of genotype mixtures by 
predicting associated resistance, thus 
increasing the yields of these agricul-
turally important plant species even 
further, while reducing pesticide use.

Genotype mixing can increase yields of wheat and  
rice and reduce pesticide usage 
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Cause of the “yo-yo effect” 
deciphered
Fat cells have a “memory” 
that is based on epigenetics.

Fat cells store memories of obesity 
in their cell nucleus. These memo-
ries remain even after a weight loss 
program, making it more likely for 
someone to put the weight back on. 
Researchers at ETH Zurich demon-
strated this in mice and found evi-
dence that similar mechanisms are 
also present in humans. 

Anyone who has ever tried to get rid of 
a few extra kilos knows the frustration: 
the weight drops initially, only to be 
back within a matter of weeks – the yo-
yo effect has struck. Researchers at ETH 
Zurich have now been able to show that 
this is all down to epigenetics.
Epigenetics is the part of genetics that’s 
based not on the sequence of genetic 
building blocks but on small yet char-
acteristic chemical markers on these 
building blocks. The sequence of build-
ing blocks has evolved over a long pe-
riod of time; we all inherit them from 
our parents. Epigenetic markers, on 
the other hand, are more dynamic: en-
vironmental factors, our eating habits 
and the condition of our body – such 
as obesity – can change them over the 

course of our lifetime. But they can re-
main stable for many years, sometimes 
decades, and during this time, they play 
a key role in determining which genes 
are active in our cells and which are 
not. “Epigenetics tells a cell what kind 
of cell it is and what it should do,” says 
Laura Hinte, a doctoral student in the 
group led by Ferdinand von Meyenn, 
Professor of Nutrition and Metabolic 
Epigenetics.

An epigenetic memory of obesity
The researchers looked for the molec-
ular causes of the yo-yo effect in mice. 
They analyzed fat cells from overweight 
mice and those that had shed their ex-
cess weight through dieting. Their in-
vestigations revealed that obesity leads 
to characteristic epigenetic changes in 
the nucleus of fat cells. What’s special 
about these changes is that they remain 
even after a diet. “The fat cells remem-
ber the overweight state and can return 
to this state more easily,” von Meyenn 
says. The scientists were able to show 
that mice with these epigenetic mark-
ers regained weight more quickly when 
they again had access to a high-fat diet. 
“That means we’ve found a molecular 
basis for the yo-yo effect.”

“Because of this memory effect 
it is so important to avoid being 

overweight in the first place”

Ferdinand von Meyenn

They also found evidence for this mech-
anism in humans. The ETH Zurich re-
searchers analyzed fat tissue biopsies 
from formerly overweight people who 
had undergone stomach reduction or 
gastric bypass surgery. The tissue sam-
ples came from various studies carried 
out at Karolinska Instituted in Stock-
holm and at Hospitals in Leipzig, Dres-
den and Karlsruhe. In these samples, 
the researchers analyzed gene expres-
sion rather than epigenetic markers. 
However, the results are consistent 
with those of the mice.

Prevention is the key
Something the researchers haven’t 
investigated is how long fat cells can 
remember obesity. “Fat cells are long-
lived cells. On average, they live for ten 
years before our body replaces them 
with new cells,” Hinte says.

It’s not currently possible to change 
the relevant epigenetic marks in the 
cell nucleus with drugs and thus erase 
the epigenetic memory. “Maybe that’s 
something we’ll be able to do in the 
future,” Hinte says. “But for the time 
being, we have to live with this memo-
ry effect.” Von Meyenn adds: “It’s pre-
cisely because of this memory effect 
that it’s so important to avoid being 
overweight in the first place. Because 
that’s the simplest way to combat the 
yo-yo phenomenon.” The researchers 
are directing this message primarily at 
children and young people and their 
parents.
With their work, the ETH researchers 
have shown for the first time that fat 
cells possess an epigenetic memory of 
obesity. However, they don’t assume 
that fat cells are the only cells with such 
a memory. “Other body cells might also 
play a part in the yo-yo effect,” von 
Meyenn says. It’s quite conceivable that 
cells in the brain, blood vessels or other 
organs also remember obesity and con-
tribute to the effect. Whether this is ac-
tually the case is what the researchers 
want to find out next.
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Scientists reveal the early 
molecular key to curing 
life-threatening allergies 
In a groundbreaking clinical trial just 
published in Nature Communications, 
researchers have uncovered the early 
immune mechanisms behind the ex-
traordinary success of insect venom im-
munotherapy. In the study, early molec-
ular and cellular changes were detected 
as early as 8 hours immediately after the 
first administration of immunotherapy, 
changes that will pave the way for healing 
immune tolerance. Overall, it provides 
new insights that could revolu-
tionize allergy management 
and improve outcomes 
for millions of people 
suffering from chronic 
immune disorders.
Allergic diseases are in-
creasing rapidly world- 
wide and are becoming 
the most common chron-
ic diseases mediated by the 
immune system, largely due to 
modern lifestyle factors and environ-
mental influences. While allergen-spe-
cific immunotherapy (AIT) is the only 
available treatment that can potentially 
cure certain allergies, its effectiveness 
varies widely across different forms of 
allergies. Insect venom allergies – such 
as those caused by bee or wasp stings – 
are the exception, for which AIT offers 
clinical cure rates of over 90 – 95%.
By examining how the immune system 
develops long-term tolerance to insect 
venom, the clinical research study iden-
tified key molecular and cellular switch-
es that occur in the early stages of treat-
ment, giving hope for improvement in 
AIT in other allergic conditions where 
AIT is less successful, and contribut-
ing to the overall efforts to combat the 
worldwide allergy epidemic.
“This work is a breakthrough for aller-
gy science,” explained the study's first 
author, Prof. Sebastian Bode. “We have 
uncovered early immune responses, in-

cluding the regulation of IL-6 – a mol-
ecule normally associated with inflam-
mation – that could play a completely 
unexpected crucial role in restoring im-
mune tolerance. These findings could 
drive the development of more effec-
tive treatments for other allergies.”
The study included over 200 blood sam-
ples from patients recruited, treated and 
analyzed in depth at CHL by a team of 
allergy specialists. This is the most com-
prehensive and thorough data analysis 
ever performed on patients with insect 
bite allergy. This allergy affects around 
2.6% to 4% of the population in Europe 
and globally, i.e. around 13 to 20 million 
people in the EU and the UK, who are at 
risk of an insect bite being fatal if they 
are not treated with an insecticide AIT. 
In addition to its scientific contribu-
tions, the study also has practical im-
plications. It shows the importance of 
considering circadian rhythms when 

planning clinical trials, as immune 
responses fluctuate throughout 

the day. The results have also 
led to the creation of an in-
teractive immune data plat-
form that is directly linked 
to the publication, allowing 
researchers worldwide to 

explore the results of the 
study and use them as a basis 

for further research.
“This is translational research at its 

finest,” added Professor Jan Guter-
muth from the Department of Der-
matology at Vrije Universiteit Brussel. 
“Our work bridges clinical practice and 
cutting-edge science by using insect 
venom immunotherapy as a clinical 
model to unlock the secrets of immune 
tolerance. The potential to change the 
treatment of allergies is immense.”
“The findings are expected to have 
far-reaching implications, not only for 
improving allergy treatments, but also 
for understanding immune tolerance in 
other chronic diseases. By deciphering 
the 'molecular magic' of insect venom 
immunotherapy, researchers are one 
step closer to tackling the global allergy 
epidemic and advancing personalized 
medicine,” concluded Professor Mark-
us Ollert, lead author of the paper and 
director of the LIH Department of In-
fection and Immunity.

A new era of 
allergy treat-
ment

A new generation of 
wearable sensors will 
fundamentally change 
medicine. 

The next generation of wearables will 
also be able to measure biochemical 
data from body fluids. Continuous, 
minimally invasive and non-invasive 
measurement of certain biomarkers 
is possible in almost every phase of 
life, regardless of location. ETH Zu-
rich researchers have shown what 
particular points need to be taken 
into account to ensure that such de-
vices can be used successfully in the 
future.

Using a smartwatch to measure pulse, 
and a smartphone app to monitor blood 
pressure: wearable sensors already 
track some of the body’s vital func-
tions fairly reliably, and some of these 
devices can already be used in clinical 
diagnostics. However, diagnoses based 
on biochemical data still require sam-
ples of body fluids such as blood and 
urine, which have to be sent to the 
lab for analysis. Collecting these can 
be painful and complicated as well as 
time-consuming and often costly.
But the next generation of wearable 
sensors is set to provide biochemical 
analyses as well. In the future, such 
sensors will gather valuable insights 
into their wearer’s state of health by 
analyzing body fluids such as sweat, 
breath, saliva, tears and urine. Although 
many of these advances are not yet 
ready for the market, they are certainly 
feasible. This is what led Dr. Noé Bra-
sier, Early-Career Fellow at the Colle-
gium Helveticum, and ETH Professor 
Jörg Goldhahn to join forces with lead-
ing researchers in the field of wearable 
sensors and conduct a comprehensive 
review. Their overview was recently 
published in the journal Nature.

How the  
latest sensors 
analyze body 
fluids
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From infants to senior citizens
The advantages of wearable sensors 
are obvious: they allow continuous 
monitoring of health variables without 
patients having to visit a doctor’s sur-
gery or pharmacy. “For elderly people 
who suffer from heat stress, it would 
make life a lot easier if a wearable de-
vice could remind them in good time 
to drink enough, or if a sensor could 
sound an alarm when their electrolytes 
reach a critical level,” says Brasier, him-
self a physician and the paper’s lead 
author.
Moreover, such sensors are either 
non- or only minimally invasive. Bra-
sier provides an example: “Attempts to 
take blood from babies and infants, not 
to mention to insert a catheter, aren’t 
always successful. This can lead to sig-
nificant delays and is often distressing 
for the young patients and their par-
ents. It would be much easier and more 
convenient to have a sensor on the 
baby’s skin or in their nappy perform 
the laboratory and/or urine analysis.” 
Equally, face masks that were addition-
ally capable of detecting viruses such 
as SARS-CoV-2 without the need for an 
unpleasant nasal swab would have been 
welcome during the last pandemic.

A lot is possible – but does it 
make sense?
The researchers’ creativity is impres-
sive, as is the sheer variety of conceiv-
able devices – ranging from a dummy 
that measures whether infants are 

dehydrated, to tattoos that indicate 
blood sugar levels and contact lenses 
that provide data from the wearer’s 
tears. “When we discussed the possi-
bilities with engineers, physicians and 
colleagues from other disciplines a 
year ago, we realized that we needed to 
think about what kinds of sensor make 
sense and what points ought to be giv-
en particular weight when developing 
such devices,” says Goldhahn, the pa-
per’s senior author.
The key consideration is self-evident: 
the wearables must be something that 
patients want to wear. “That’s why we 
recommend always developing the 
sensors together with the people who 
will need them later,” Brasier says. But 
the medical benefits of such devices 
also need to be critically assessed. Not 
everything measured offers a clinical 
benefit. “It’s not about measuring any 
old variable. It’s a question of what that 
reading means in the relevant context 
and what the clinical consequences 
are,” he says.
For example, CRP is a marker for in-
flammation in the body and is meas-
ured in milligrams per liter. In healthy 
adults, the CRP level is normally physi-
ologically below 5 mg/l. “If a patient has 
a blood-CRP level of 150 mg/l, this only 
tells us so much. What’s decisive for a 
clinical assessment is whether the val-
ue on the previous day was normal, or 
whether it was 300 mg/l. Then we can 

say whether the person’s health has de-
teriorated or improved.”
 
Display the readings well
Then there are the technical hurdles: 
How long can a sensor keep measur-
ing? How can it be stored and cleaned? 
How much electricity does it consume, 
and from what source? And most im-
portantly, how good and reliable is the 
data it provides? “Careful validation of 
the measurement data will be key to 
whether a given device becomes estab-
lished or not,” Goldhahn says, “because 
nobody is going to rely on uncertain 
readings.”
In a further step, the signals from the 
wearables must be processed, inter-
preted and displayed in a way that 
makes sense to users – be they the pa-
tients themselves or healthcare profes-
sionals. In the future, that will increas-
ingly be a job for artificial intelligence, 
which in turn will further accelerate the 
development of wearables.

Fascinated by sweat
It was sweat that led the lead author Bra-
sier to become acquainted with weara-
bles. While many people turn up their 
noses at the thought of this body fluid, 
Brasier can’t speak of it highly enough: 
“Different situations will always cause 
us to sweat differently and on different 
parts of the body. But that’s not the 
only reason why our sweat contains 
an incredible amount of information.” 
Using this information is a simple and 
straightforward way to draw conclu-
sions about someone’s state of health. 
“The surface of the skin is my clear fa-
vorite, but the choice of sensor natural-
ly depends on the medical application. 
In the case of pneumonia, for instance, 
it’s probably better to analyze the pa-
tient’s breath,” Brasier says. However, 
having prepared the new overview, he is 
well aware that there is a lot of research 
and development work still left to do – 
not least when it comes to clinical con-
cepts. Only then will the new wearables 
ultimately be granted official approval 
and provide a benefit for everyone in-
volved, especially patients.
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For small children, it acts like a pro-
tective elixir against asthma and other 
allergies from birth: the dust from the 
traditional cowshed. What exactly con-
veys this effect is of great interest to 
researchers. However, deciphering it in 
terms of allergy prevention is a lengthy 
process, but it has now taken another 
step forward: Researchers at the Dr. von 
Hauner Children's Hospital of the LMU 
Hospital have analyzed how cells of the 
immune system react to barn dust and 
thus contribute to the “protective farm 
effect”. The results were recently pub-
lished in the journal “Allergy”.
The hygiene hypothesis is now estab-
lished in science. Tenor: The child's im-
mune system should be “trained”, es-
pecially in the preschool years, through 
regular contact with certain “good” 
microorganisms. The immune system 
must learn not to react excessively and 
not to attack harmless substances or to 
attack the body's own structures.
 
Dust from the cowshed has a pre-
ventive effect
Researchers at the Dr. von Hauner Chil-
dren's Hospital of the LMU Hospital 
Munich have shown that the frequent 
and continuous contact of young chil-
dren with the farm environment, espe-
cially with the dust from the cowshed, 

has a preventive effect. Children grow-
ing up there, for example, get signifi-
cantly less asthma than those who live 
in the city. Based on these findings from 
epidemiological studies, scientists are 
researching the basics of this phenom-
enon in their laboratories worldwide.
What changes in the immune system 
through stimulation with barn dust?
On the one hand, they want to know 
which specific substances or microor-
ganisms trigger the protective effect. 
On the other hand, they are interest-
ed in what exactly changes in the im-
mune system so that it does not attack 
the body's own or harmless structures, 
and a healthy balance of the immune 
system is established. In this sense, a 
team led by Prof. Dr. Bianca Schaub has 
now taken a big step forward. In a cell 
culture approach in the laboratory, they 
stimulated various immune cells of the 
blood with stable dust.

Study shows that barn dust 
affects the immune system of 
children already suffering from 
asthma
“We were able to show that in children 
with manifest asthma, certain cells of 
the innate immune system are reduced 

The secret of barn dust after stimulation with farm dust,” says 
study first author Claudia Beerweiler, 
“whereas subgroups of cells of the ac-
quired immune system are increased, 
including B cells and certain T helper 
cell populations. In addition, certain 
molecules associated with inflamma-
tion, cell toxicity, antigen presentation, 
and special T helper cells are reduced. 
Cell toxicity is the ability of certain sub-
stances or microorganisms to damage 
or destroy cells. Antigen presentation 
is a central process in a defense reac-
tion in which structures of microorgan-
isms are made recognizable to certain 
immune cells.

Anti-inflammatory effect already 
proven in earlier studies
“We now know that the innate immune 
system plays a much greater role in the 
development of allergies, and also in 
their prevention, than we thought for 
decades,” says Bianca Schaub. Previ-
ous work has already shown that pro-
tection by farm dust is mediated by an 
anti-inflammatory effect. In a recently 
published study with the participation 
of LMU researcher Prof. Dr. Erika von 
Mutius, it turned out that dusts from 
the cowshed contain transport pro-
teins, so-called lipocalins. They modu-
late the function of the human immune 
system. Two of these substances are 
found in significantly increased levels 
in barn dust.

Findings open up new avenues 
for the treatment of sick children
So, one building block follows the oth-
er to reveal the secret of the barn dust. 
The researchers have a clear goal: to 
identify the beneficial substances and 
administer them to all those children 
who do not live on a farm – in which 
form is currently being explored. The 
target group of children that could be 
treated in this way also needs examin-
ing in detail. “The fact that stimulation 
with barn dust can modulate the im-
mune reactions in the laboratory even 
in asthmatics with disease,” says Bian-
ca Schaub, “may also open up new ave-
nues for the therapy of already sympto-
matic children.”

Findings open up new avenues for the  
treatment of sick children.
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This question is difficult to answer be-
cause the technology is still under devel-
opment. To give you an idea: Currently, 
only small quantum computers with 
many errors exist. We do not yet have a 
fault-tolerant quantum computer, i.e., a 
computer that performs operations that 
we can trust 100% and with which we 
can efficiently solve relevant problems.
Errors occur because quantum physics 
is very sensitive. Quantum states consist 
of a superposition of states (e.g., several 
different positions) and lose this super-
position as soon as they interact with the 
environment, causing the information 
they contain to be lost. For this reason, 
the quantum systems we can control 
are small and must be kept at a very low 
temperature. The greatest energy con-
sumption of quantum computers cur-
rently comes from cooling these systems 
to temperatures close to absolute zero 
(approx. -273 °C) and from the control 
systems used to stabilize the quantum 
states. However, performing the quan-
tum operations themselves requires al-
most as much energy as a conventional 
computer.
Even under these conditions, quantum 
states remain unstable, so we need what 
is known as error correction. This error 
correction is achieved by adding addi-
tional qubits, which are the quantum 
mechanical equivalent of conventional 
arithmetic operations, so that some of 
these qubits are used to correct those 
intended for the calculation.
Once we have overcome this technologi-
cal hurdle, we will be able to solve prob-
lems that a classical computer cannot 
solve, so it will no longer make sense to 
compare the energy consumption of one 
with that of the other. Regardless of how 
much energy it consumes, the quantum 
computer will be much more efficient in 

that it can solve problems that are im-
possible for a classical computer. If you 
now ask a quantum computer to solve a 
simple problem, it will consume much 
more than a conventional computer, but 
quantum computers will not be used for 
such problems. That would be like trying 
to light your living room with a spotlight 
from a football stadium.

Quantum computers  
are not yet efficient, but they  

will be in the future.

To illustrate: a laptop has a power out-
put of around 60 watts. And the power 
output is proportional to the energy con-
sumption. 60 watts is the typical power 
output of a light bulb. For quantum 
computers, it would be around 20 kilo-
watts, or 20.000 watts. This means that 

How much energy does a quantum  
computer consume?

if I want to solve a problem and need 
an hour to do so, a laptop consumes 60 
watt hours of energy, while a quantum 
computer would consume 20.000 watt 
hours. Furthermore, tests have shown 
that quantum computers take much 
longer to solve a simple problem than 
traditional computers because they have 
not yet been optimized. They are not yet 
efficient, but they will be in the future.
Another interesting point is that with 
a classic computer, computing power 
increases linearly with the number of 
processors, i.e., if you use twice as many 
processors, you have twice as much 
computing power. With a quantum com-
puter, however, performance increases 
exponentially: with five qubits, you can 
process 25 states, but with ten qubits, 
you can already process 210. The differ-
ence is enormous.
We can say in advance that the energy 
consumption of quantum computers 
will no longer be a limitation once we 
have optimized quantum computers, i.e., 
fault-tolerant computers with more effi-
cient cooling and control systems.

If you were to use a quantum computer to solve any 
simple problem right now, it would consume much 
more energy than a conventional computer, but quan-
tum computers are not going to be used for that  
type of situation.
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publizierten Beiträge von externen Autoren ab. Die insbesondere in klinischen Fallbeschreibungen gegebenen Informationen können nicht die 

zahnärztliche Beurteilung im individuellen Einzelfall durch entsprechend qualifizierte FachspezialistInnen ersetzen. Eine mögliche Orientierung 

an in Top Gear veröffentlichten Beiträgen erfolgt daher innerhalb der Verantwortung der Zahnärztin/des Zahnarztes und der Zahntechnikerin/

des Zahntechnikers oder anderer Fachpersonen. Die in Top Gear veröffentlichten Artikel sind urheberrechtlich geschützt und dürfen ohne 
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anderweitig geschützte Marken handeln, wenn darauf nicht gesondert hingewiesen wird. Das Fehlen eines solchen Hinweises darf daher nicht 

dahingehend interpretiert werden, dass die Benutzung eines derartigen Namens frei möglich wäre.

Informations légales Clause de non-responsabilité pour les contributions externes : Les articles publiés dans Top Gear par des auteurs externes ont 
été systématiquement évalués et soigneusement sélectionnés par l ’éditrice de Top Gear (ORTHO WALKER AG, CH-8952 Schlieren). Dans tous les 
cas, ces contributions reflètent l ’opinion de leurs auteurs et ne correspondent donc pas nécessairement à l ’opinion de l’éditrice. L’éditrice ne garantit 
pas non plus l ’exhaustivité ou l’exactitude des contributions externes publiées dans Top Gear. Les informations fournies, en particulier dans les 
descriptions de cas cliniques, ne peuvent pas remplacer l ’évaluation odontologique par des spécialistes dûment qualifiés dans les cas individuels. 
Au cas où elle ou il s’inspire d’articles publiés dans Top Gear, l ’orthodontiste, dentiste, prothésiste dentaire ou autre professionnel·le est donc seul 
responsable des conséquences. Les articles publiés dans Top Gear sont protégés par le droit d’auteur et ne peuvent être utilisés en tout ou en partie 
sans l ’autorisation expresse de l ’éditrice et de leur auteur. Les noms de sociétés et les marques de tiers éventuellement mentionnés peuvent être des 
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