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Abstract
BACKGROUND: The gut microbiota can impact older adults’ health, 
especially in patients with frailty syndrome. Understanding the 
association between the gut microbiota and frailty syndrome will help 
to explain the etiology of age-related diseases. Low-grade systemic 
inflammation is a factor leading to geriatric disorders, which is known 
as “inflammaging”. Intestinal dysbiosis has a direct relationship 
with low-grade systemic inflammation because when the natural gut 
barrier is altered by age or other factors, some microorganisms or their 
metabolites can cross this barrier and reach the systemic circulation.
OBJECTIVES: This review had two general goals: first, to describe 
the characteristics of the gut microbiota associated with age-related 
diseases, specifically frailty syndrome. The second aim was to identify 
potential interventions to improve the composition and function of 
intestinal microbiota, consequently lessening the burden of patients 
with frailty syndrome.
METHODS: A search of scientific evidence was performed in 
PubMed, Science Direct, and Redalyc using keywords such 
as “frailty”, “elderly”, “nutrient interventions”, “probiotics”, and 
“prebiotics”. We included studies reporting the effects of nutrient 
supplementation on frailty syndrome and older adults. These studies 
were analyzed to identify novel therapeutic alternatives to improve gut 
microbiota characteristics as well as subclinical signs related to this 
condition.
RESULTS: The gut microbiota participates in many metabolic 
processes that have an impact on the brain, muscles, and other organs. 
These processes integrate feedback mechanisms, comprising their 
respective axis with the intestine and the gut microbiota. Alterations 
in these associations can lead to frailty. We report a few interventions 
that demonstrate that prebiotics and probiotics could modulate the gut 
microbiota in humans. Furthermore, other nutritional interventions 
could be used in patients with frailty syndrome.
CONCLUSION: Probiotics and prebiotics may potentially prevent 
frailty syndrome or improve the quality of life of patients with this 
disorder. However, there is not enough information about their 
appropriate doses and periods of administration. Therefore, further 
investigations are required to determine these factors and improve their 
efficacy as therapeutic approaches for frailty syndrome.

Key words: Frailty, gut microbiota, aging, probiotics, prebiotics, 
inflammation.

Abbreviations: ACTH: Adrenocorticotropin hormone; BFM: Body 
fat mass; BMI: Body mass index; BNR17: Probiotic strain isolated 
from human breast milk; CCL11: Motif chemokine 11; CD4: Cluster 
of differentiation 4; CD8: Cluster of differentiation 8; CFUs: Colony 
Forming Units; COVID-19: Coronavirus disease 2019; CXCL11: 

Motif chemokine ligand 11; d: Day; FBS: Fasting Blood Sugar; GI: 
Gastrointestinal tract; hCRP: Hgh sensitivity C Reactive Protein; 
HPA: Hypothalamic-pituitary-adrenal axis; IFN: Interferon; IL6: 
Interleukin-6; IL8: Interleukin-8; IL10: Interleukin-10; IL17A: 
Interleukin-17ª; ISAPP: International Scientific Association for 
Probiotics and Prebiotics; LBP: Lipopolysaccharide-binding protein; 
M: Maintenance; NSP: Nonstarch polysaccharides; RS: Resistant 
starch; SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2 
of the genus Betacoronavirus; SCF: Soluble corn fiber; SCFAs: Short-
chain fatty acids; TNF: Tumor necrosis factor; WG: Whole grain; WL: 
Weight loss.

Introduction

Frailty syndrome is a condition that develops as 
people age, and the gastrointestinal (GI) tract plays 
a critical role in its development. The GI tract is 

responsible not only for digestion and absorption but also 
for the acquisition of food immune tolerance and the habitat 
of commensal microorganisms (microbiota) (1). The gut 
microbiota changes throughout the human lifespan, and it 
exerts an impact on health, especially during the aging process. 
The intestinal microbiota is a community that includes more 
than 100 billion microorganisms, with a unique conformation 
for each individual, including bacteria, viruses, and yeast 
(2). Some bacterial phyla commonly found in the human 
intestinal microbiota are Proteobacteria, Verrucomicrobia, 
Actinobacteria, Fusobacteria Bacteroidetes, and Firmicutes. 
Bacteroidetes and Firmicutes represent approximately 90% 
of the total microbiota in humans (3). The gut microbiota 
composition and diversity can change through the aging process 
and can influence optimal immune system performance, which 
is essential to prevent the development of age-related diseases 
(3, 4).  

The biological causes of some age-related diseases are 
currently known; one of them involves changes in the gut 
microbiota. However, many aspects of the relationship between 
microbiota and frailty remain unclear and need to be further 
investigated. This is required to improve or identify new 
interventions to slow the progression of frailty syndrome and 
its consequences, thereby contributing to a better quality of life 
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during aging.
Organisms undergo transformation processes and cellular 

changes from conception until death; aging is one of these 
stages (5). Michael R. Rose (6) defines aging as “a persistent 
decrease in the state of health dependent on the specific age of 
an organism due to internal physiological deterioration”. This 
definition was modified to change the concept of “decreasing 
health status” into a “disarrangement process” (7). Furthermore, 
the World Health Organization (WHO) defines aging as “the 
accumulation of a great variety of molecular and cellular 
alterations over time, which leads to a gradual decrease in 
physical capacities and mental disorders, an increased risk of 
disease, and ultimately death” (8).

The normal course and evolution of aging are different 
for each individual because the conditions in which each 
individual reaches this stage vary, and so does the way the 
individual responds to them (5). There are multiple geriatric 
syndromes, such as the risk of falls, incontinence, delirium, 
or functional impairment (9, 10). They all present a set of 
signs and symptoms of multifactorial origin. Nonetheless, 
they share elements associated with aging and can trigger 
disability or dependency (10). Frailty syndrome is a geriatric 
condition that causes remarkable functional impairment; it 
also involves increased vulnerability and an increased risk 
of developing adverse health events, such as dependency, 
disability, hospitalization, or death, when these individuals are 
exposed to stressors (11). The development of frailty syndrome 
is mainly related to the impairment of multiple systems. Thus, 
an evaluation of the set of symptoms, signs, and biomarkers 
must be performed to diagnose it (12). Furthermore, this 
syndrome often coexists with other pathologies and results in 
unfavorable physiological consequences, requiring multiple 
intervention strategies (13).

Frailty syndrome is mainly of multifactorial origin and is 
rarely attributed to a unique cause. Some factors associated with 
frailty syndrome include the accumulation of cellular damage, 
malnutrition, sarcopenia, the deterioration of multiple systems, 
psychological alterations, polypharmacy, sociodemographic 
factors, preexisting diseases, low physical activity, and 
uncontrolled inflammation (14). The latter plays a major role 
in aging; there is a type of systemic, chronic, and low-grade 
inflammation produced by the continuous accumulation of 
antigenic load and stress, which is known as “inflammaging” 
(1). There is a hypothesis that endogenous cellular debris acts 
as the main aversive stimulus of inflammaging; therefore, it is 
considered an autoimmune disorder; indeed, it is also called 
“garbaging” (15), which functions as an accelerator of the aging 
process.

Probiotics and prebiotics

The International Scientific Association for Probiotics and 
Prebiotics (ISAPP) gathered an expert panel to discuss themes 
related to probiotics and prebiotics. According to the ISAPP, 
a probiotic is a “live microorganism that, when administered 
in adequate amounts, confers a health benefit on the host” 
(16). Probiotics may include live microorganisms in food 

or supplementation, with or without a specific health claim 
or a probiotic drug (17). They can have different routes of 
administration, effect target sites, and host species targets (18). 
Microbial components, microbial products and dead microbes 
are not considered in the classification of the probiotic type; this 
is because there is not enough evidence about their benefits on 
health and safety regarding their intended use. The difference 
between probiotics and microbiota lies in the fact that all 
commensal microorganisms are isolated, characterized, and 
proven to have beneficial effects on health (16).

Moreover, a prebiotic is a compound that is primarily 
derived from vegetables or fruits, but it can also be synthetic. 
A prebiotic is an insoluble carbohydrate that is unable to be 
digested and absorbed, but it serves as an energy source for 
the intestinal microbiota (19). In 2016, the ISAPP discussed 
the definition of a prebiotic and concluded that a prebiotic is a 
“substrate that is selectively utilized by a host microorganism, 
conferring a health benefit” (20).

Twenty-five years ago, the term “symbiotic” was introduced 
to refer to a combination of a probiotic and a prebiotic (21). 
In 2019, the ISAPP updated the definition of symbiotic to 
“a mixture comprising live microorganisms and substrate(s) 
selectively utilized by host microorganisms that confers a 
health benefit on the host” (22). There are two subcategories of 
symbiotics: first, complementary symbiotics, which refers to 
symbiotics designed to target autochthonous microorganisms, 
and second, synergistic symbiotics, in which the substrates 
are designed to be used selectively by the coadministered 
microorganisms (23). Symbiotics are not confined to human 
applications and can be applied to intestinal and extraintestinal 
microorganisms, but their beneficial effects on health must be 
confirmed (22).

Review goals

The association between frailty syndrome and the gut 
microbiota is complex, and it has generated interest among 
researchers to focus their efforts on identifying the suitable 
consumption of certain foods to improve microbiota diversity. 
In this way, we can better explain how the quality of a diet 
can positively or negatively affect the intestinal microbiota 
and the development of frailty. Certain dietary patterns favor 
a microbiota composition that could be beneficial for health. 
For example, the consumption of ultra-processed foods is 
associated with decreased muscle mass and strength, which are 
two main characteristics of frailty syndrome (24). Additionally, 
it can negatively affect the microbiome, specifically related to 
proinflammatory processes (25). Therefore, it is important to 
highlight the complex relationships between modifiable factors 
(such as diet and physical activity) in the search for nutrients 
that prevent or limit this disease (26).

The main goal of this review was to show evidence that 
supports the relationship between the gut microbiota of older 
adults and frailty syndrome. Furthermore, it is necessary to 
determine what kind of modifications in the gut microbiota can 
cause frailty or can be part of the approaches for its treatment or 
prevention.
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The specific aims of this review are listed below:
a. To describe the characteristics of the intestinal microbiota 

that can lead to age-related diseases, specifically frailty 
syndrome.

b. To identify potential interventions that improve intestinal 
microbiota composition and diversity, which can improve the 
quality of life of patients with frailty syndrome.

Methodology

Search strategy criteria

This was a narrative review where the selection criteria 
included systematic reviews, experimental designs, intervention 
designs, and clinical studies. The obtained information was 
organized according to the research aims. After organization, 
the information was analyzed and synthesized to finally draw 
a conclusion. This analysis provides current evidence about the 
effects of probiotics, prebiotics, and other types of nutritional 
supplementation to modulate the intestinal microbiota as well 
as their potential benefits in preventing or treating frailty 
syndrome.

We followed the methodology of a Narrative Review, 
considering the Scale for the Assessment of Narrative Review 
Articles (SANRA). We screened three search engines (PubMed, 
Science Direct, and Redalyc). The following keywords 
were used in the search strategy: (aging* AND frailty), (gut 
microbiota* OR microbiome* AND body composition), 
(brain-gut-microbiota axis), (muscle-gut-microbiota axis), 
(inflammation* OR inflammaging AND prebiotics* OR 
probiotics), (life expectancy* AND quality of life*), (dietetic 
*OR interventions) AND (frailty* AND elderly OR successful 
aging). The selection, analysis, and organization were 
performed by a single person, but the final manuscript was 
revised and approved by all the authors of this manuscript.

Inclusion and exclusion criteria

The inclusion criteria for the selected articles were 1) articles 
from the last 5 years (2017-2021), 2) articles with content 
following the keywords, and 3) articles in line with the specific 
aims of this study. However, some articles dated before 2017 
were also included because of their theoretical value. Indexed 
journals with indicators of quality, information validity, levels 
of evidence, and degrees of recommendation were included 
as well. The excluded articles were those that were not related 
to the context and specific aims of this review. Additionally, 
articles written in any language other than English or Spanish 
were excluded. Articles that did not meet the inclusion criteria 
were excluded. A total of 153 articles were found after an 
initial general selection process, but 58 manuscripts were 
excluded because they did not focus on the main objectives 
of this review. Ultimately, we identified 95 articles, including 
reviews, meta-analyses, trials, and cohort studies, that met the 
inclusion criteria. From these 95 articles, 26 were included in 
the Introduction section and 69 were included in the Results 
section. Figure 1 shows the flow diagram of the article selection 
process.

Data extraction and analysis from the included 
articles

The following data were extracted from all studies: 
author, year, experimental model, assessment methodology, 
intervention, endpoints, outcome measures (frailty conditions, 
description of gut microbiota, and relationships), and key 
findings. For clinical studies, the extracted data included the 
following: author, year, demographics (age and sex), sample 
size, intervention, follow-up duration, assessment methodology, 
outcome measures (frailty conditions, description of gut 
microbiota, and relationships), and key findings.

Organization of the information

Every manuscript was analyzed, and the information 
obtained was synthesized and written to accomplish the aims of 
this review.

Results

Gut microbiota in aging and frailty

In humans, the gut microbiota is composed of 90% of the 
bacterial phyla Firmicutes and Bacteroidetes; the remaining 
10% comprises Actinobacteria, Proteobacteria, Fusobacteria, 
and Verrucomicrobia (3). The gut microbiota diversity and 
its characterization are complex, and the bacteria are grouped 
into three different microbial metagenomic groups called 
enterotypes. The genera Bacteroides from the Bacteroidaceae 
family, Prevotella from the Prevotellaceae family (from 
the Bacteroidetes phylum) and Ruminococcus from the 
Ruminococcaceae family (from the Firmicutes phylum) are 
the most abundant genera found in these enterotypes (27). 
There are similarities in the proportions of these enterotypes 
that constitute the main microbiota according to the age group: 
young adults (22-48 years), older adults (65-75), centenarians 
(99-104 years), and semi-supercentenarians (105-109 years) 
(28).

This composition may vary depending on some host-related 
factors, such as diet, antibiotic use, age (from gestation), type 
of birth, lactation method, anatomical area (small intestine or 
colon), body mass index, exercise frequency, and intra- and 
extraintestinal diseases. Some of these conditions are pertinent 

Figure 1. Flow chart of the methodological process of this 
narrative review
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to the host’s individual characteristics, and others are not. For 
example, the host genetic characteristics, the morphology of the 
epithelium, and its immune components are individual factors 
that modulate the gut microbiota (29). Moreover, exposure to 
environmental compounds, the use of probiotics or prebiotics, 
and fecal transplantation are external factors that can also 
modify the composition of the gut microbiota (4).

Age is a determining factor in the composition (diversity) 
of the intestinal microbiota (30, 31), and the three 
enterotypes of the main microbiota become less abundant 
as aging proceeds (28). For example, adults over 70 years 
old show a decrease in Bifidobacterium and Clostridium 
but an increase in Proteobacteria (3). The changes in the 
composition and functionality of the gut microbiota can 
result in significant alterations in the physiology of the 
host (32). Ticinesi and collaborators (33) showed that the 
bacterial taxa associated with frailty syndrome include the 
following: Prevotella, Ruminococcus, Alistipes, Oscillibacter, 
Eubacterium, Eggerthella, Faecalibacterium, Coprobacillus, 
Porphyromonas, Peptococcus, Fonticella, Clostridium cluster 
XIVa, Lachnospiraceae, Lactobacillus, Blautia, Odoribacter, 
Actinomyces and Veillonella. Interestingly, they also revealed 
that frailty was inversely associated with the diversity and 
relative abundance of several microbiota species.

The intestinal microbiota is responsible for nondigestive 
monosaccharide fermentation, producing mainly short-chain 
fatty acids (SCFAs), such as acetate, propionate, and butyrate 
(34). A certain amount of SCFAs absorbs from the intestine 
into the systemic circulation and is capable of producing effects 
at different levels: from local modifications in the intestine 
(improving mucus production and regulating permeability) 
to the regulation of energy metabolism (35). SCFAs have 
a remarkable effect on the immune system (36). Butyrate 
may modulate inflammation by differentiating regulatory T 
lymphocytes (37). In addition, limited microbiota diversity and 
SCFA receptor deficiency affect microglial function (38).

Changes in intestinal permeability are typical of aging and 
allow the release of microorganisms or their metabolites into 
the circulation. In this way, the immune system is activated to 
secrete mediators of inflammation. Therefore, the microbiota 
has a fundamental role in developing chronic inflammation 
(Figure 2) (1, 39). For instance, zonulin, a protein that 
modulates gut permeability, is significantly decreased in older 
adults with frailty, and the microbiota has a close association 
with gut permeability and inflammation (40).

The brain-intestine axis, with the participation of the 
intestinal microbiome, has an important influence on aging, 
but this can also impact the gut microbiota (41). This indicates 
that the relationship of the brain-intestine axis with aging is 
bidirectional. For example, changes in the gut microbiota 
can trigger cognitive impairment (42). In the opposite sense, 
neurodegenerative diseases with an accumulation of beta-
amyloid peptides can lead to generalized inflammation and 
changes in the conformation of the gut microbiota (3). Serena 
Verdi and collaborators demonstrated that there was a negative 
association between microbiota and decision-making speed 
and speech fluency in adults >40 years old (43). Another study 
showed a negative association between the relative abundance 

of Enterobacteriaceae and Porphyromonadaceae families and 
cognitive performance (44). Thus, aging affects the composition 
of the gut microbiota, while changes in the microbiota can 
accelerate age-related alterations. Moreover, gut dysbiosis and 
the release of inflammatory mediators promote the development 
of age-related pathologies (45).

The gut microbiota reacts to stress stimuli, which may 
alter the immune response. In aging, there are neuroendocrine 
changes due to stress exposure (46). In particular, 
hypothalamic-pituitary-adrenal (HPA) axis activity changes 
as people age, which is usually observed as circadian 
modifications in cortisol levels (47). Alterations in cortisol 
and adrenocorticotropin hormone (ACTH) responses related 
to frailty syndrome support the role of the HPA axis in this 
disease (Figure 3a) (48, 49). Changes in the gut microbiota 
may lead to altered activation of the HPA axis with the 
consequent onset of systemic inflammation, as shown in Figure 
3b (50-52). Moreover, cortisol modifications are linked with 
microbiota diversity in children (53), but this has not been 
clearly explained in older adults. In rodents, the microbiota 
can regulate the expression of genes involved in the HPA axis 
response to stress and intestinal biogenesis (54). Therefore, the 
association between plasma and salivary cortisol concentrations 
and the gut microbiota must be further investigated in cross-
sectional and longitudinal studies of frailty.

The gut microbiome is involved in anabolic resistance and 
chronic inflammation and has direct effects on the gut barrier 

Figure 2. Age-related changes in the intestinal tract lead 
to low-grade chronic inflammation, with increased 
gut permeability due to age, and microorganisms or their 
metabolites are released into the blood with a consequent 
accumulation of antigenic load
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Figure 3. Brain-gut-microbiota axis: the relationship with the HPA axis. a) The hypothalamus, through corticotropin-releasing 
hormone (CRH), stimulates the pituitary gland to secrete adrenocorticotropin hormone (ACTH), which in turn stimulates 
the adrenal gland to secrete cortisol. Cortisol has systemic effects affecting the regulation of the gut microbiota. b) Intestinal 
dysbiosis may lead to chronic systemic inflammation, causing hyperactivity of the nervous system and the consequent release of 
stress hormones, which in turn could also induce chronic systemic inflammation and dysbiosis

Figure 4. The gut microbiota may contribute to frailty onset by the impact of short-chain fatty acids (SCFAs) on the central 
nervous system, the promotion of inflammation, and the influence on muscle, fat, and bone, which are present in frailty syndrome 
either together or by themselves
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and the availability of proteins from the diet (55). Consequently, 
the presence of a gut-muscle axis is possible because of the 
evidence of this relationship (56). Various investigations of 
microbiota, body composition, and muscle strength have shown 
that there could be an association between the gut microbiota 
and frailty (33). For example, the gut microbiota is different in 
subjects who present with obesity from those who do not (57), 
which is also related to how fat is deposited in the organs (58). 
The production of SCFAs in older adults decreases, which is 
related to insulin resistance, intramuscular fat accumulation, 
and decreased muscle function (59, 60). This finding supports 
the relationship between gut dysbiosis and sarcopenic obesity. 
In addition, the gut microbiota is related to the onset of 
sarcopenia and frailty related to malnutrition (61). This involves 
age-related anorexia because microbiota metabolites modulate 
satiety and appetite through signals in the enteric nervous 
system (61, 62). Consequently, gut microbiota modifications 
associated with age have repercussions at different levels 
and are capable of triggering frailty syndrome. In addition, 
SCFAs influence bone metabolism, either by regulating 
inflammation and osteoclast activation or by modulating Ca2+ 
and Mg2+ absorption (63). The use of SCFAs may be a potential 
therapeutic option in the treatment of neurodegenerative 
diseases related to aging and frailty (64). Figure 4 shows 
how the gut microbiota may contribute to the onset of frailty 
syndrome.

Treatment and possible interventions

Probiotics and prebiotics

Prebiotics can be included in preventive treatments, but 
the patients who may benefit must be previously identified 
(65). Additionally, prebiotics can positively influence the 
gut microbiota by increasing its quantity and variety, leading 
to an improvement in nutrient function and absorption and 
consequently maintaining health (66). Table 1 shows some 
prebiotic interventions and their doses (amount and frequency) 
that have generated modifications in the composition of 
microbiota strains in human studies. Oral administration of 
agave inulin increases Bifidobacterium in healthy adults (67), 
as shown in a crossover trial where it was given for periods 
of 21 days using 3 different doses (0 g, 5.0 g, or 7.5 g/day), 
with 7 days of washout between periods. The consumption 
of a high whole-grain diet did not lead to significant changes 
in the gut microbiota of healthy adults (68). Moreover, men 
with obesity and metabolic syndrome were subjected to four 
different diets for ten weeks, consisting of a maintenance 
diet, a nonstarchy polysaccharide diet, a resistant starch diet, 
and a weight loss diet, with 5.1 g, 2.5 g, 25.4 g and 2.9 g 
of resistant starch, respectively (69). The results show an 
increase in O. guillermondii, R. bromii, S. termitis, C. leptum, 

Table 1. Probiotic and prebiotic interventions and their impacts on intestinal microbiota
Type of intervention Dose Type of patient Effect Reference

Prebiotic:

Inulin 3 periods (0, 5.0, or 7.5 g) of agave 
inulin/d for 21 days, with 7 days 
of washouts between periods vs. 
placebo.

Healthy adults (BMI >18.9 - <29.5 kg/
m2, age 20-40, free of metabolic and 
GI diseases).

Increase in Bifidobacterium. Holscher, 2015

Whole grains Diets high in WGs (>80 g/d) or low 
in WGs (<16 g/d) for 6 crossover 
weeks, separated by 4 washout 
weeks.

Healthy adults (BMI 20-35 kg/
m2, aged 40-65 years, habitual WG 
consumption <24 g/day).

No significant changes. Ampatzoglou, 2015

Resistant starch Follow 4 different diets during a 
period of 10 weeks: M, NSP, RS, and 
WL with 5.1, 2.5, 25.4, and 2.9 g/dL 
of RS, respectively.

Obese, metabolic syndrome, men 
(BMI 27.9-51.3 kg/m2, age 27-73).

Increase in Oscillospira guillermondii, R. 
bromii, Sporobacter termitis, Clostridium 
leptum, C. cellulosi, Alistipes spp, E. 
rectale.
Decrease in Papillibacter cinnamivorans, 
microbiota diversity, acetate, propionate, 
and butyrate.

Salonen, 2014

Soluble corn fiber 0, 10, and 20 g of fiber/d from 
SCF, 3 phases of crossover lasting 
4 weeks each, with 3 weeks of 
washout.

Healthy adolescent females (BMI in 
kg/m2 >90th percentile for age, aged 
11-14 years, identified as healthy).

Increase in Parabacteroides. Whisner, 2016

Probiotic:

Lactobacillus casei Shirota 6.5 x 109 CFU/dose/d for 3 months. Metabolic syndrome (BMI 35.4 ± 5.3 
kg/m2, age 51.5 ± 11.4 years) healthy 
controls.

No influence in the LBP compared with 
controls.

Leber, 2012

Lactobacillus gasseri BNR17, 1 x 1010 CFU/dose, 6 
doses/d for 12 weeks vs. placebo.

Obese adults (BMI > 23 kg/m2, age 
19-60, nonpregnant and FBS ≥ 100 
mg/dL).

Reduced weight and waist and hip 
circumferences; however, there were no 
significant changes.

Jung, 2013

Bifidobacterium breve B-3 50 x 109 CFU/dose/d for 12 weeks 
vs. placebo.

Overweight adults (BMI 24-30 kg/m2) 
aged 40-69 years.

Lower BFM and improved 
blood parameters related to liver 
functions and inflammation, such as 
c-glutamyltranspeptidase and hCRP.

Minami, 2015

d: day; BMI: body mass index; GI: gastrointestinal; WG: whole grain; RS: resistant starch; M: maintenance; NSP: nonstarch polysaccharides; WL: weight loss; SCF: soluble corn fiber; 
CFUs: colony-forming units; LBP: lipopolysaccharide-binding protein; BNR17: probiotic strain isolated from human breast milk; FBS: fasting blood sugar; BFM: body fat mass; hCRP: 
high-sensitivity C-reactive protein.
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C. cellulosi, Alistipes spp., and E. rectale and a decrease in 
P. cinnamivorans, microbiota diversity, acetate, propionate, 
and butyrate. Additionally, a crossover study included healthy 
adolescent females who received 0 g, 10 g, and 20 g of 
soluble corn fiber/day (70). The results revealed an increase in 
Parabacteroides in the gut microbiota.

Treatment with probiotics and prebiotics may be a 
good strategy when trying to improve the composition of 
gut microbiota, as they can help to maintain normobiosis 
and decrease systemic inflammation (71). Probiotic interest 
is increasing, and it should be noted that supplementation 
with probiotics can be part of a treatment that involves other 
substances due to the comorbidity of various conditions, 
especially during aging (72). Table 1 shows some studies 
about the metabolic impact of some probiotic interventions in 
different populations, indicating the amount and frequency of 
each probiotic. Although the interventions were not performed 
specifically in patients with frailty syndrome, they had an 
impact on body composition, blood parameters, and clinical 
conditions. Oral administration of 6.5 x 109 colony forming 
units (CFUs) of Lactobacillus casei Shirota in patients with 
metabolic syndrome did not influence lipopolysaccharide-
binding protein (LBP) compared with controls (73). 
Furthermore, the oral administration of Lactobacillus gasseri 
(a probiotic strain isolated from human breast milk, BNR17) 
at a dose of 1 x 1010 CFU, 6 times per day for 12 weeks, 
was given to patients with obesity (74). The results showed 
that this probiotic reduces body weight and waist and hip 
circumferences. Another study in which overweight adults 
received 50 x 109 CFU/dose of Bifidobacterium breve 
B-3 daily for 12 weeks showed that body fat mass (BFM) 
decreased and blood parameters improved, and these are related 
to biomarkers of liver function and inflammation, such as 
c-glutamyltranspeptidase and high sensitivity C reactive protein 
(hCRP) (75).

Interventions related to nutritional state

Malnutrition predisposes individuals to cognitive frailty 
and vascular risk (76). In addition to nutrition, vascular risk 
factors could potentially influence cognitive problems related 
to frailty syndrome (42). This syndrome involves the deficiency 
of all micronutrients (77), and its risk is directly proportional 
to concentrations of micronutrients below normal levels (78). 
Low concentrations of micronutrients are related to frailty as 
well as prefrailty; this highlights that micronutrients represent 
a potentially modifiable factor (79). Deficiency of nutrients 
such as flavonoids, carotenoids, vitamins, n3 fatty acids, 
and antioxidants promotes inflammation (80). Moreover, the 
accumulation of reactive oxidation species and nitrogen reactive 
species leads to cognitive decline (80). Hence, the consumption 
of dietary antioxidants may offer some benefits because they 
can eliminate free radicals and decrease oxidative stress.

A poor diet quality and low consumption of vegetable 
protein can increase the risk of frailty in men and women 
between 70 and 81 years of age (81). Low-grade inflammation 
is also present in patients with malnutrition and sarcopenia, and 

both could be treated with interventions, including protein and 
energy intake, that can reverse or prevent physio-pathological 
outcomes (82). A multimodal intervention including exercise 
and diet optimization can help to prevent frailty syndrome and 
sarcopenia (83). Nevertheless, the impact of protein dietary 
interventions is not yet clearly understood.

Another  type  of  in tervent ion  involves  prote in 
supplementation, followed by a muscular strength exercise 
program. These interventions could promote muscle mass and 
strength gain, improve physical performance, and decrease 
morbidity in older adults at risk of sarcopenia and frailty 
(84). Supplementation with vitamin D and leucine with 
other components, such as fiber and minerals, attenuates the 
progression of low-grade chronic inflammation in older adults 
with sarcopenia and mobility limitations (85). Furthermore, 
creatine supplementation is used to treat muscle mass and 
functionality loss, but the results are inconsistent (86), which 
may be due to a patient’s health status and their habitual diet. 
Despite their potential use to treat frailty syndrome, these 
interventions do not directly exert an impact on the gut 
microbiota.

Discussion

In this review, we gained a better understanding of concepts 
about aging, especially about frailty syndrome. As aging is 
a complex process, numerous authors have pursued a valid 
definition that is capable of explaining and delimiting it. 
However, the main purpose of understanding these concepts is 
to apply them to design better therapeutic strategies for treating 
frailty syndrome.

Alterations in body composition, cognitive impairment, 
and neuroendocrine changes have a strong relationship with 
this disorder. However, how the gut microbiota is associated 
with these conditions remains unclear and must be further 
studied. Aging-related diseases have multifactorial causes, but 
inflammaging has been identified as a key physiopathological 
mechanism. The gut microbiota actively participates in this 
process, for instance, in the development of immunological 
tolerance as well as the synthesis of metabolites in various 
processes (1, 3, 34).

Advances in this field are limited because they are relatively 
new, and most studies have focused on the brain-intestine axis 
in animal models and not in humans (42). For example, the 
brain-gut-microbiota axis is involved in the development of 
dementia in mouse models (87-89). More translational and 
clinical research needs to be conducted to understand the role of 
the gut microbiota composition in the health of older adults and 
frailty syndrome.

Research on the gut microbiota usually focuses on 
sequencing 16S rRNA gene amplicons (macromolecules used in 
bacterial phylogeny and taxonomy), not considering other genes 
or microorganisms, such as yeasts and viruses, that may be 
relevant in characterizing microbiota. This may be a limitation 
in understanding the impact of the gut microbiota on health, 
and it could represent an area of opportunity to develop future 
research.
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Older adults must be evaluated in a context in which 
modifications of the gut microbiota are considered possible 
physio-pathological mechanisms and indeed considered a 
possible target of treatment or even prophylaxis. To date, 
interventions on the gut microbiota in patients with frailty 
syndrome have not been formally considered. The international 
consensus including European and American institutions that 
was carried out in 2013 recognized some interventions, but 
the use of prebiotics and probiotics has not been included in 
their guidelines. The effects of prebiotics on the gut microbiota 
of patients with frailty syndrome are unclear and must be 
considered in current and future investigations.

Despite the fact that there is evidence about the role of gut 
microbiota in frailty syndrome, there are few clinical studies 
that demonstrate the benefits of using prebiotics as part of 
the treatment strategies. For instance, inulin supplementation 
decreases some frailty signs (19, 90). The role of prebiotics 
in pro- and anti-inflammatory cytokine levels is ambiguous 
because some of them may either decrease or increase (66). In 
addition, the reduction of inflammatory factors such as IL17A, 
IL6, TNF, IFN, IL10, IL8, CD4, CD8, C reactive protein, 
CXCL11, CCL11, and prebiotic supplementation may not have 
an association with modifications in the microbiota of frail 
patients (91). Therefore, further investigations are required to 
clarify these aspects.

There is also another alternative intervention in which the 
use of symbiotics has barely been explored. The synergistic 
action enhances microorganism growth and promotes strain 
survival (92). Research has evaluated its efficacy mainly in 
preventing diarrhea associated with antibiotics; moreover, it 
may be a useful tool to improve the gut microbiota and the 
health status of older adults (93).

The recent COVID-19 pandemic deserves consideration, 
as we know inflammaging and frailty lead to poor physical 
and immune responses. Although probiotics must be carefully 
administered to critically ill patients, their use may have a 
benefit when related to SARS-CoV-2 infection (94). Oral 
administration of probiotics seems to contribute to a better 
response against viral infection by stimulating the immune 
response from the gut (95). These findings are relevant; patients 
with frailty syndrome may show better immune responses 
through the administration of probiotics or prebiotics and 
become more able to respond to infections.

To improve the understanding of the modulation of the 
gut microbiota to treat or prevent frailty syndrome, better 
comprehension of how the axes of the intestinal microbiota with 
other specific organs or tissues work during aging is required. 
Additionally, it is necessary to know which metabolites, 
neurotransmitters, hormones, or other types of molecular 
markers participate in these axes. Treatment outcomes, 
especially in older adults, are often related to life expectancy. 
Maximum life expectancy and average life expectancy are two 
parameters considered in assessing aging or senescence, and 
they are often used as interchangeable terms. Nevertheless, the 
quality of life in older adults should be given greater attention 
in aging studies, since a decrease in morbidity is required to 
consider healthy aging.

Conclusions

Frailty is related to a high risk of falls, disability, 
hospitalization, and increased mortality. Moreover, the intestinal 
microbiota plays a crucial role in health as it is involved in 
metabolic processes that impact cognition, body composition, 
and immune function, which are essential to achieve healthy 
aging. The maintenance of healthy gut microbiota throughout 
the lifespan could be achieved by following an adequate diet 
and lifestyle. Moreover, timely interventions for older adults 
must be conducted to improve their gut microbiota composition 
during the aging process. These interventions could include 
probiotic and prebiotic supplementation. Future research 
must be conducted to elucidate the mechanisms behind the 
relationship between neurodegeneration and the gut microbiota 
to improve the diagnosis and therapeutic strategies of frailty 
syndrome.
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