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ABSTRACT

OBJECTIVES: This review aimed to discuss mechanisms through which gut microbiota could act as

a key modifier of obesity and related metabolic abnormalities. Obesity is a growing health epidemic with

an increasing incidence in European countries. It results from a combination of genetic, psychological,
physiological and environmental factors. Probiotic and prebiotic ingredients provide an optimal target for the
development of novel functional foods used in the prevention of obesity development as one of risk factors
of chronic diseases. Knowledge about prebiotic and probiotic mechanisms of action, and novel functional
foods supplemented with probiotics and prebiotics will facilitate their clinical application and development of
personalized healthcare strategies (Fig. 1, Ref. 40). Text in PDF www.elis.sk

KEY WORDS: gut microbiota, obesity, functional foods, nutrition.

Introduction

Obesity has become one of the largest global health challenges
that currently feature in our society. The prevalence of obesity has
been continuously rising worldwide such that it is considered an
epidemic. According to the World Health Organization (WHO), in
2035, 39 % of people in today’s society will be affected by obesity
(WHO, 2000). International Obesity Task Force (IOTF) suggest
that 1.1 billion adults are overweight including 312 million who
are obese (James et al, 2004). In parallel to growing waistlines
and body mass indices across the globe, modern society is also
experiencing a dangerous increase in the prevalence of obesity-
associated metabolic derangements.

Obesity is one of the controllable and “modifiable” risk factors
of chronic diseases. In-depth research work remains to be done to
understand the origins and salient factors promoting obesity and
its physiological impacts, such that potential therapeutic avenues
for directly targeting metabolic pathology can be developed and
effectively implemented. Among such factors, the human gut mi-
crobiome has recently taken the center stage bolstered by modern
research demonstrating its central role in modulating human health
and host metabolism and could act as a key modifier of obesity
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and related metabolic complications. The complex ecosystem of
the gut microbiota comprises over 1,000 unique bacterial strains.
Its prokaryotic population outnumbers the total cells in the human
body by an order of magnitude (Dinan and Cryan, 2018). The mi-
crobiome can dynamically respond to a variety of internal and ex-
ternal physiological cues while being a metabolic gateway between
the outer environment and the host regarding the modulation of
inflammation, energy metabolism, and body weight homeostasis.
Accordingly, perturbances to the microbiome lead to an unstable
state of dysbiosis which is linked to the pathophysiology of various
metabolic conditions, including obesity. A multitude of microbial
survey studies have attempted to define what constitutes an “obese”
microbiome, and pinpoint the specific strains that contribute to the
development of obesity and related metabolic symptoms. Based
on such investigations, a lean phenotype has become to be largely
associated with an increased Bacteriodetes-to-Firmicutes ratio,
whereas this taxonomic proportion is inverted in obese individu-
als (Ley et al, 2006).

The ability of the gut microbiome to interconnect genetics, en-
vironment, immune system, and brain implies it could account for
variables underlying the development of obesity and its metabolic
complications. In this regard, multiple mechanistic axes connecting
the gut microbiota to obese pathophysiology are being explored.
Early evidence suggests that perturbations to the microbiome in
obesity favor increased energy harvest from food, resulting in per-
turbed nutrient partitioning and development of adiposity (Turn-
baugh et al, 2006). This is consistent with the role of the micro-
biome in regulating fat metabolism, in which bacterial fermentation
of non-digestible carbohydrates can lead to excessive production
of short-chain fatty acids (SCFAs) and other lipogenic precursors
(Nehra et al, 2016). In addition, the dysbiosis in microbiome con-
tributes to the initiation of numerous pro-inflammatory pathways
that are a hallmark of obese phenotypes. These include increased
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absorption of bacterial lipopolysaccharide (LPS) expressed on the
surface of Gram-negative strains, as well as modulation of gut bar-
rier permeability leading to translocation of bacterial endotoxins
into systemic circulation (Khan et al, 2016).

In light of these and other functions, the modulation of gut
microbiome through dietary intervention has been proposed as a
potential treatment for obesity. Dietary habits are the main con-
tributors to the diversity of the human gut microbiota by altering
its composition. Short-term changes in diet profile can shift the
gut microbiota. Dietetic intervention could then be a good stra-
tegy to treat obesity by reducing the energy intake and potentially
modulating gut microbiota to aid weight loss. Based on the fact that
gut microbiota clearly differs between obese and lean individuals
(Markowiak and Slizewska, 2017), a selective modulation of gut
microbiota using probiotics and/or prebiotics has emerged as a
potential therapy for the control of weight gain in both obese and
susceptible-to-obesity subjects (Sonnenburg and Béckhed, 2016;
Markowiak and Slizewska, 2017; Ganjayi et al, 2019).

The goals of this review are to explore the recent evidence
elucidating the microbiome’s role in the etiology of obesity and
discuss the development of functional food solutions in combat-
ting obesity for to be able to capitalize on the benefit of prebiotics
and probiotics therapies in optimizing host health.

Obesity and intestinal microbiota

Obesity is now declared to be a current global epidemic. The
pathophysiology of obesity is multifactorial. Its development in-
volves unhealthy life style, neuronal and hormonal mechanisms,
as well as genetic and epigenetic factors contributing to the im-
balance between energy intake and expenditure (Al-Assal et al,
2018). Obesity is a worldwide epidemiologic syndrome characte-
rized by fat mass accumulation, mainly visceral fat. The prevalence
of obesity has doubled in the last three decades. In 2016, according
to the WHO, more than 1,900 million (39 %) people aged above
18 years were overweight and 600 million (13 %) were classified
as obese (Bray et al, 2017). Approximately 30 % of all deaths in
2017 in Slovakia were attributed to diet (low fruit and vegetable
intake, high consumption of sugar and salt, ubiquitous presence
of cheap high-calorie foods), while one in seven adults was obese.

Overweight and obesity are a subject of growing concern also
in children. Childhood obesity has grown exponentially over the
past 25 years in infants and young children (aged 0-5 years) to 42
million in 2013 and being now the most prevalent nutritional disor-
der globally among children (Isolauri, 2017). One in six 15-year-old
men is suffering from overweight and obesity (OECD, 2019).

Obesity is assessed in practice by body mass index (BMI)
or ratio of waist-to-hip circumference. High BMI indexes cor-
relate with diet-related chronic diseases such as hypertension,
dyslipidemia, type 2 diabetes, cardiovascular diseases, metabolic
syndrome, chronic inflammatory and allergic disorders as well as
development of some type of cancers (Isolauri, 2017; Duranti et
al, 2017). Energy intake and expenditure are highly interconnected
and regulated by complex and coordinated mechanisms that ulti-
mately influence brain stem and hypothalamic, limbic, and other
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central nervous system centers to regulate food intake and energy
spending. Multiple hormones and neuronal circuits appear to con-
trol these regulatory processes, including leptin providing feedback
from the fat itself, ghrelin secreted by the gastric mucosa, various
intestinal peptides, and several appetite-regulating neuropeptides
(Maruvada et al, 2017). Genetic factors clearly contribute to the
control of the physiologic response to caloric excess and hence
to the development and maintenance of obesity, while heritabi-
lity estimates for the variance in BMI range between 40 % and
70 %. The dramatic rise in the prevalence of obesity over the past
decades has turned attention towards the environment. Greater
control of ambient temperature as a socioeconomic development
consequence, increased sedentariness or less physical activity as
aresult of lifestyle changes, and the ubiquitous presence of cheap
high-calorie foods have been implicated as important causal fac-
tors. Enhanced consumption of high-fat and high-sugar diet have
been shown to change microbial ecology leading to the notion
that gut microbiota may function as an environmental factor that
results in increased energy harvest and obesity.

The human intestinal microbiota contains more than 40 tril-
lion microorganisms. The dominating bacterial phyla in humans,
accounting for 90% of the gut microbiota, are Firmicutes and
Bacteroidetes. There are currently more than 274 genera within
the Firmicutes phylum, including Bacillus, Lactobacillus, My-
coplasma, and Clostridium. Bacteroidetes include more than 20
genera, of which the most abundant genus in the human gastroin-
testinal tract is Bacteroides.

Human intestinal microbiota represents a complex ecosystem,
consisting of numerous diverse sets of bacteria, viruses, archaea,
fungi, protists, nematodes, as well as phages deeply implicated in
different functions of host metabolism.

The functions of microbiota are summarized as follows:

— metabolite production (the fermentation of complex carbohy-
drates results in the production of short-chain fatty acids and other
lipogenic precursors that are involved in many cellular processes
and metabolic pathways, enhancement of the gut barrier function
and regulation of immune system and inflammatory responses);
— metabolic organ (with enzymatic properties that enhance or
supersede our own, such as the ability to degrade resistant dietary
or host-derived glycans that transit the distal gut, regulation of the
bile acid metabolism, and induction/protection from metabolic
endotoxemia);

— vitamin production (microbiota synthetize essential vitamins
B12 and K which humans cannot produce, their dysregulation re-
sults in metabolic pathologies such as obesity and diabetes mel-
litus type 2);

— influence on epithelial homeostasis (microbiota promote epi-
thelial integrity by influencing the turnover of epithelial cells and
modulating mucus properties;

— development of the immune system (both intestinal mucosal
defenses and the systemic immune system are modulated by mi-
crobiota, resulting in a greater protection against infections and
inflammatory diseases);

— influence on pathogen colonization (microbiota compete with
pathogens for attachment sites and nutrients, and they produce
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antimicrobial substances), (Koropatkin et al, 2010; Brusaferro
et al, 2018).

The gut microbiota are predominantly involved in the fermen-
tation of indigestible carbohydrates into SCFAs, which have been
found to exert multiple effects on energy homeostasis, as well as
in a cascade of metabolic functions related to host nutrition and
health that are crucial for intestinal health (Hijova and Chmelarova,
2007; Thorburn et al, 2014). The most abundant SCFAs are ac-
etate, butyrate, and propionate, which play an important role as
substrate for glucose metabolism. These SCFAs comprise >95 %
of the SCFA content. Several animal and human studies have
found increased SCFA fecal concentration in obese as compared
to lean individuals, suggesting that increased fecal concentration
of SCFAs are associated with obesity (Schwiertz et al, 2010).

Obesity is associated with chronic low-grade inflammation
and insulin resistance. White adipose tissue is metabolically the
most important adipose tissue playing a central role in the inflam-
matory state and expressing pro-inflammatory cytokines such as
TNF-a and interleukins (IL)-1, IL-6, IL-10, and IL-12. In obesity,
there is an increase in cytokine production in the white adipose
tissue and infiltration of macrophages, which in turn enhances
pro-inflammatory cytokines and subsequently induces insulin
resistance. Alteration in the composition of the gut microbiota
induced by unhealthy diet is a factor contributing to the onset
of chronic low-grade inflammation. These alterations result in
increased gut permeability known as gut barrier dysfunction.
Gut barrier dysfunction causes low-grade inflammation by either

directly translocating Gram-negative intestinal bacteria or in-
creasing lipopolysaccharides (LPS) from the outer membrane of
Gram- negative bacteria, which also induces metabolic endotoxe-
mia, and in turn generates low-grade inflammation (DeClercq et
al, 2016). The change in the composition of the intestinal micro-
biota can be caused by a number of factors including changes in
diet (Fig. 1).

Prebiotics and probiotics as functional food therapies of obesity

Historically, prebiotics and probiotics have been well-docu-
mented for their positive effects on gastrointestinal health. The
term “probiotic” means live microorganisms that, when admi-
nistered in adequate amounts, confer a health benefit on the host
while the term “prebiotic” refers to indigestible food ingredients
that are fermented by gut microbiota, serve as a substrate selec-
tively utilized by host microbiota and confer health benefits; both
prebiotic and probiotic ingredients provide an optimal target for
the development of novel functional foods (Gibson et al, 2017).
Although the concept of “functional foods” is not precise or con-
sistently defined, some of its unique characteristics include being
a conventional or everyday food that is consumed as part of normal/
usual diet and has a positive effect on target function(s) beyond
nutrition value/basic nutrition while potentially reducing the risk
of disease, and having authorized and scientifically based health
claims (Tufarelli and Laudacio, 2016). Functional foods with the
potent physiological benefits of prebiotics and probiotics offer

NON-OBESE OBESE
1 Bacteroidetes T Firmicutes
T Proteobacteria MICR%UB-II—OME T Gram negative
T Diversity + stability | Diversity + stability
1 TJ integrity GUT T LPS inflammation
1 IEC differentation EPITHELIUM | TJ integrity
1 SCFA production | Energy harvest
T Insulin sensitivity T Insulin resistance
T Adaptive immunity METABOLIC T LDL-Cholesterol
| Inflammation OUTCOMES T Adiposity
| CVD risk T Triglyceride

Balanced Microbiome

Dysbiotic Microbiome

Fig. 1. The change in the composition of the intestinal microbiota can be caused by a number of factors including changes in diet.
TJ — Tight Junction; IEC — Intestinal Epithelial Cells; SCFA— Short Chain Fatty Acid; CVD — Cardiovascular Diseases; LPS — Lipopolysac-

charide; LDL — Cholesterol — Low Density Lipoprotein Cholesterol
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a unique opportunity for microbiota-targeted dietary modification
thrive in the consumer marketplace.

The prebiotics usually include non-digestible, non-hydrolys-
able carbohydrate forms (i.e., galacto-oligosaccharides (GOSs),
fructo-oligosaccharides (FOSs), soybean, oligosaccharides, inu-
lin, cyclodextrins, gluco-oligosaccharides, xylo-oligosaccharides
(XOSs), lactulose, lactosucrose, isomaltooligosaccharides, poly-
dextrose) with the ability to reach the distal sections of the human
gastrointestinal tract where they are used as nutrients by host in-
testinal bacteria (Yonis et al, 2015). Non-carbohydrate compounds
(such as polyphenol and polyunsaturated fatty acids) are potentially
new classes of prebiotics (Gibson et al, 2017).

Dietary sources of prebiotics include asparagus, garlic, leeks,
onions, bananas, Jerusalem artichoke, as well as chicory, wheat
bran, barley and prebiotic fibers serving as a useful metabolic
substrate for intestinal microbiota that convert them via fermen-
tation into SCFAs and other metabolites in the gut lumen. Prebio-
tic fiber derived from the diet substantiate the growth of known
commensal bacterial strains such as Bifidobacterium and vari-
ous phyla of Lactobacillus, and alters the structure of the gut
mucosa, which leads to decreased translocations of bacterial en-
dotoxin and attenuated activation of toll-like receptors (TLRs) at
the luminal surface while modulating intestinal pH prebiotic and
creating a bactericidal environment. Obese women treated with
inulin/oligofructose prebiotics displayed greater proportions of
Bifidobacterium and Faecalibacterium, an effect that coincided
with reduced fat mass and serum LPS (Dewulf et al, 2013). Anti-
obesogenic effects of prebiotics also involve an improvement in
glucose and lipid metabolisms as well as in glycemic control. In
2014, Dehghan et al. demonstrated the hypoglycemic and anti-
inflammatory effects of oligofructose-enriched inulin in patients
with type 2 diabetes, where subjects showed marked reductions
in fasting glucose, body weight, and inflammatory markers of
endotoxemia. Significant decreases in body weight, BMI, and
waist circumference have been observed in obese women aged
31-49 years treated with yacon sirup for 17 weeks (Genta et al,
2009), in overweight and obese adults aged 20-70 years treated
with oligofructose for 12 weeks (Parnell and Reimer, 2009), and
in obese and overweight adults aged 20-50 years treated with rice
husk powder/rice bran for 12 weeks (Edrisi et al, 2018). Contro-
versially, oligofructose supplementation combined with healthy
lifestyle habits for 12 weeks was not associated with reduced
body weight or total body fat (Liber and Szajewska, 2014). The
anti-obesogenic role of different strains of Lactobacillus and Bi-
fidobacterium, alone or in combination, as well as Pedicoccus
pentosaceus has also been well-established in obese adults and led
to reduced weight gain, BMI, waist circumference, and fat mass
(Higashikawa et al, 2016; Gomes et al, 2017; Minami et al, 2018;
Pedret et al, 2018). Some clinical trials also suggest that the ex-
tent of anti-obesogenic effects of probiotics may depend on both
the probiotic dose and viable form used. Only after treatment of
obese adults aged 20-75 years with a high dose Lactobacillus gas-
seri BNR17, a reduction in visceral adipose tissue was observed
(Kim et al, 2018). It is also important to highlight that healthy
non-obese young male adults (18-30 years) can also benefit from

650

probiotic therapy using VSL#3 in combination with high fat diet
in reducing both body weight and fat accumulation (Oesterberg
et al, 2015). Mothers 4 weeks before the expected delivery and
children up to 6 months of life were supplemented with Lactoba-
cillus rhamnosus GG. In children, the weight gain was lower at
the age of 1 and 4 years (Luoto et al, 2010).

The incorporation of prebiotic functional ingredients into
foods displays a number of unique physiochemical properties
that may potentially:

a) improve the nutrient profile and nutritional value;

b)improve the texture and sensory qualities of foods, primarily
due to their bulk, increase the viscosity, and enhance the overall
body and mouthfeel;

c) allow reduction in fat, sugar, and energy content without depre-
ciating product taste and texture.

Probiotics have multiple and diverse influences on the host in
different ways as follows:

1) antagonistic effects on various microbiota and competitive ad-
herence to the mucosa and epithelium (antimicrobial activity);

2)increased mucus production and enhanced barrier integrity (en-
hancement of barrier function);

3)modulation of the human immune system (immunomodulation).

Modern marketplace consumers have access to various food
products such as fermented products, cheese, and yogurt en-
riched with probiotic microbiota as functional ingredients tar-
geted to improve digestive health. Their combination (probiotics
and prebiotics) termed “synbiotics” may serve to further enhance
the beneficial probiotic effects. As compared to those consum-
ing plain yoghurt, obese subjects consuming probiotic-enriched
yoghurt (S. thermophiles, and L. bulgaricus as a starter culture,
B. lactis Bb12 and prebiotic inulin) significantly reduced their
waist circumference and body percentage, as well as lower tri-
glyceride level and increased insulin sensitivity (Mohammadi-
Sartang el al, 2018). Probiotics are the potential candidates to be
tested in moderate and severe cases of COVID-19 due to several
beneficial effects, including easy availability and administration,
and safe and unexpensive use. Among patients with underlying
comorbid conditions, the gut microbiota has lower diversity
which leads to gut dysbiosis. It has been demonstrated that the
gut microbiome is altered in cases with COVID-19. Dysregulated
inflammation and gut dysbiosis may be the major pathophysio-
logical processes in cases with COVID-19 leading to increased
severity of illness and poor clinical outcomes. Therefore, pro-
biotics may act as antiviral agents by interfering with the viral
entry into cells and/or inhibit virus replication. Also, with the
restoration of the gut and respiratory microbiota, immune func-
tion, and gut-lung axis, the course of COVID-19 may be altered
(Conte and Toraldo, 2020).

The investigations based on randomized placebo-controlled
trials are still needed to implement new prebiotic and/or probio-
tic treatment as an efficient tool for the prevention and control of
obesity and related diseases. This type of therapy has emerged as
aunique and exciting opportunity in the management and preven-
tion of obesity and its associated metabolic consequences.
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Conclusion

The control over the dietary, environmental and lifestyle fac-
tors that favor obesity development remain the best solution to
the problems related to weight gain. Current literature provides
overwhelming evidence for the anti-obesogenic effects of prebio-
tic and probiotic foods and their potential as a therapeutic avenue
for breaching obesity. The focus of work should not be centered
only around the physiological effects of probiotic and prebiotic
supplementation in combating obesity, but also around the way
how functional food delivery vehicles can be optimized to improve
microbial viability, stable colonization, and long-term dietary ad-
herence. It is said that obesity is the goal of treatment and diet is
the way to achieve the objective. Sometimes it is very difficult and
it takes long-term effort to find the right path.
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