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SUMMARY

In Europe the population of older people (65 years or more) is increasing significantly,
because of the improved living conditions and life expectancy (EUROSTAT, 2019). At the
same time, this demographic change leads to an increase of elderly people with age-
related diseases. Therefore, the evaluation and monitoring over time of the well-being
and health status of the population, especially of elderly, become of central importance
for the modern societies. The main challenge is to study and develop new strategies and
public actions to slow down the ageing process and increase the number of healthy
seniors.

PROBIOSENIOR project comes from the need to answer this important issue, focusing
the attention on the nutrition as important instrument to improve health status and
general well-being. PROBIOSENIOR is a research project that aimed to evaluate the effects
of a probiotic functional food-based diet on the reduction of low-grade inflammation in
elderly subjects. It is a randomised, double-blind, placebo-controlled human trial that
recruited 97 elderly healthy volunteers from boarding homes and private houses in
Marche region (Italy), for the 3 or 6 months-administration of selected functional foods
containing the probiotic mixture SYNBIO® (Synbiotec Srl, Camerino, Italy).

Lifestyle and eating habits information, psychological well-being and nutritional
status data were collected through the administration of specific questionnaires, while
biological parameters were monitored by collecting and analysing faecal, urine and blood
samples. Two timepoints were considered - at baseline (TO) and after the dietary
probiotic supplementation (T1) to monitor all variations during time.

Among the multidimensional tools to investigate a community, questionnaires are
useful instruments to describe the population in all its aspects. The questionnaires
selected for this project were: Lifestyle and eating habits questionnaire, Pathological
anamnesis and Pharmacological therapy questionnaire, Mini Nutritional Assessment
(MNA), The Psychological General Well-Being Index (PGWBI) and Bristol Stool Chart. The
guestionnaires revealed interesting outcomes. At TO, the MNA questionnaire showed
most people at risk of malnutrition, while some improvements in nutritional status were
observed in probiotic and placebo groups at T1. At the same time, an evident impairment

was recorded in placebo-supplemented subjects respect to the others. The PGWBI



guestionnaire described a population with moderate distress at TO; after the
supplementation, a better improvement was observed in probiotic group (80% of cases)
than in placebo one (50%).

Ageing is characterized by a low-grade chronic inflammation that involves several
body systems and represents a risk factor for morbidity and mortality in elderly people.
The biological parameters evaluated in this study are related to this condition, and they
were: composition and diversity of gut microbiota, Short-Chain Fatty Acids (SCFA),
biogenic amines (BAs), high sensitivity C-reactive protein (hsCRP), haematological
parameters, cytokines and other inflammatory biomarkers.

Intestinal bacteria play a crucial role in maintaining immune and metabolic

homeostasis and protecting against pathogens; it can be shaped across the lifetime by
modulation of the daily diet and supplementation.
In this study, the detected intestinal microbiota was typical for healthy elderly people,
dominated largely by the phyla Firmicutes and Bacteroidetes, followed by Actinobacteria
and Proteobacteria. At T1, statistically significant increase was observed for Lactobacillus
spp. in probiotic group respect to placebo one, with a time-dependent improvement.
Other significant changes were referred to Staphylococcus spp. and Bifidobacterium spp.,
which decreased respectively after probiotic and placebo supplementation. The 16S NGS
analysis on probiotic group showed a decreasing trend of Proteobacteria at T1 and
conversely, an increasing trend of Actinobacteria and Verrucomicrobia phyla, to which
the increase of Akkermansiaceae and Bifidobacteriaceae contributes at the family level.

SCFAs are the main metabolites produced in the colon by bacterial fermentation.
They are studied as potential mediators in the effects of gut microbiota on intestinal
immune functions, but they are also involved in other physiological, behavioural and
neurologic pathways.

In the present study, the subjects presented high variability between different genders
and residence structures in SCFAs level at baseline. At T1 the main changes were referred
to acetic and butyric acids, the most abundant SCFAs, with a greater increase in probiotic
group than placebo one. The same trend was observed for total SCFAs, and considering
the gradual reduction in the faecal concentrations of SCFAs with ageing, this is a promising

outcome.
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BAs are biologically active molecules, exerting essential physiological functions. Since

BAs can be used as markers of different diseases, their detection and quantification are
useful to evaluate the human health status.
In this study, the level of 11 BAs was determined in urine samples of the elderly
volunteers. The results revealed a high inter and intra-variability at baseline and after the
dietary intervention, with different effects exerted by the supplementations. Polyamines:
spermidine levels positively decreased in probiotic group respect to placebo, at T1;
putrescine and spermine decreased in both groups, despite the supplementation; on the
contrary, cadaverine increased in probiotic group, decreasing in placebo group. Histamine
and dopamine decreased after both supplementations; serotonin levels remained mainly
unchanged in probiotic group respect to placebo; the opposite trend for tyramine amount
that decreased. Phenylethylamine increased after both treatments. Finally, epinephrine
and trymetilamine were not detected in the urine samples, because of their absence or
their presence in quantities out of LOQ (limit of quantification) and LOD (limit of
detection) ranges.

Ageing is also associated with a dysregulation of the immune system. Some cytokines
are considered markers of inflammageing, age-related diseases and disability (muscle
strength/power), but also longevity genes on ageing and life span. In our study, we
determined the gene expression pattern of tumour necrosis factor alpha (TNF-a) and
Insulin-like growth factor 1 (IGF-1) before and after the probiotics-based diet. Firstly, the
results showed a significant increase in circulating levels of IGF-1 in probiotic group,
respect to placebo-supplemented one. This outcome is in contrast with the expected
reduction in elderly subjects, suggesting an IGF-1 modulation by GUT microbiota.
Moreover, we evaluated TNF-a levels and its gene expression that resulted partially
influenced by the dietary intervention. A significant increase was reported in mRNA
expression of TNF-a in probiotic-supplemented group respect to placebo group. At the
same time, the concentration of TNF-a decreased, although non significantly, in both
groups, suggesting that the probiotic supplementation didn’t directly affect this
parameter.

Another marker of inflammation, but also an important risk factor associated with
age-related diseases, is hsCRP. In this study, blood samples were collected to monitor

hsCRP levels and general haematological parameters during the 24-week probiotic
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supplementation. The main outcome was the significant reduction of hsCRP levels in
probiotic group, respect to placebo; moreover, the 6-month-probiotic intervention
resulted significantly more effective than the shorter one (<6 months). Blood parameters
were not strongly affected by probiotic administration, although an improving in lipid
profile was observed (P>0.05).

In conclusion, despite the limitations of the human trial and the complexity of
biological pathways, PROBIOSENIOR project turned out to be an interesting strategy to
maintain the host’s well-being and prevent many age-related diseases in elderly. Overall,
this study demonstrated that the probiotic-based intervention had effects on the
modulation of gut microbiota and consequently of SCFAs’ levels, suggesting its efficacy to
prevent dysbiosis and modulate elderly health. Moreover, the supplementation
significantly reduced hsCRP levels and modulated the GH/IGF-axis with potential positive
effects on inflammation and pathogenesis of sarcopenia and other age-related
morbidities. Also, the gene expression of TNF-a seems to be modulated, although without
a direct effect on the reduction of pro-inflammatory cytokines. On the contrary, the
probiotic supplementation influenced some BAs more than others, so further studies are
needed to better understand the potential mechanisms by which probiotics modulate
BAs. Finally, the results of questionnaires highlighted the benefits of this intervention on
psychological well-being and nutritional status, improving the quality of life in the elderly
community under study. Although they are preliminary findings that need to be
confirmed, the interesting outcomes of PROBIOSENIOR project support, once again, the
use of probiotics as a potential strategy to modulate elderly health.

In this project, we also developed the fundamental aspect of prevention and
modulation of eating habits, through proper nutrition programs addressed to elderly
people, caregivers and families. Practical education activities were developed, with the
aim to raise people’s awareness about nutrition and the use of probiotics, supporting and
improving healthful behaviours, and preventing malnutrition. In this pilot program, we
involved the community of two different boarding homes, and we used five videos on
basic nutrition topics and final questionnaires to collect feedback about its impact and
effectiveness on audience. This study revealed that this innovative communication
method was a valid teaching approach for elderly. Moreover, most people recognized a

positive impact of the program on their daily nutritional habits. In conclusion, this
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intervention certainly contributed to improve the knowledge on nutrition and probiotics,
in both elderly and caregivers, also providing a basis for designing effective nutritional

education programs, specific for older adults.
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CHAPTER |

GENERAL INTRODUCTION

1.1 THE AGEING AND LONGEVITY PHENOMENON

1.1.1 The global health: an overview

People worldwide are living longer, with a significant increase in the number of
elderly people. There are different ways of defining older people, statistics on ageing
generally categorize “older people” as being above a certain age threshold. Indeed, the
United Nations (UN) noted in World Population Ageing 2019 that older people are
commonly defined as those aged 60 or 65 years or more. World Health Organization
(WHO) similarly states that older people in developed world economies are commonly
defined as those aged 65 years or more, but it also shares an alternative definition,
whereby an older person is defined as someone who has passed the median life
expectancy at birth (EUROSTAT, 2020). This important increase in average life expectancy
during the 20™ century ranks as one of society’s greatest achievements. Today most
people can expect to live into their sixties and beyond. Every country in the world is
experiencing growth in both the size and the proportion of older persons in the
population. By 2030, one in 6 people in the world will be aged 60 years or over. At this
time the share of the population aged 60 years and over will increase from 1 billion in
2020 to 1.4 billion. By 2050, the world’s population of people aged 60 years and older will
double (2.1 billion). Moreover, the number of persons aged 80 years or older is expected
to triple between 2020 and 2050 to reach 426 million (Figure 1). Less developed regions
of the world have experienced a steady increase in life expectancy since World War I,
although not all regions have shared in these improvements. The most dramatic and rapid
gains have occurred in East Asia, where life expectancy at birth increased from less than
45 years in 1950 to more than 80 years today. Although most babies born in 1900 did not
live past age 50, in Japan, that is the current leader, life expectancy at birth now exceeds

83 years and is at least 81 years in several other countries (WHO, 2021).
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Figure 1. Global distribution of population by broad age group, 1990-2050 (United Nations Department of
Economic and Social Affairs, population Division, World Population Prospects 2019).

This remarkable phenomenon is being driven by declines in fertility and
improvements in longevity. With fewer children entering the population and people living
longer, older people are making up an increasing share of the total population. In more
developed countries, fertility fell below the replacement rate of two live births per woman
by the 1970s, down from nearly three children per woman around 1950. Even more
crucial for population ageing, fertility fell with surprising speed in many less developed
countries from an average of six children in 1950 to an average of two or three children
in 2005.

All these events are part of a major transition in human health spreading around the
globe at different rates and along different pathways. This transition encompasses a
broad set of changes that include a decline from high to low fertility, a steady increase in
life expectancy at birth and at older ages and a shift in the leading causes of death and
illness from infections, parasitic diseases and chronic conditions. In early non-industrial
societies, the risk of death was high at every age and only a small proportion of people
reached old age. In modern societies, most people live past middle age, and deaths are
highly concentrated at older ages. The victories against infections and parasitic diseases
are a triumph for public health projects of the 20" century, which immunized millions of

people.
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Another important point has been the improvement of life quality and resources that
allowed to reduce serious infections and prevent deaths among children. Better living
standards, more nutrient diets, advances in public health and medical technologies,
increased awareness of the benefits linked to a healthy lifestyle, a move away from heavy
labour towards tertiary occupations and improved living conditions further contributed
to the improvement of life expectations for all people. The progressive increase in survival
in these oldest age groups was not anticipated by demographers, and it raises questions
about how high the average life expectancy can realistically rise and about the potential
length of the human lifespan (EUROSTAT, 2020).

While population ageing is a global phenomenon, the ageing process is more
advanced in some regions of the world than in others. The pace of population ageing in
many developing countries is substantially faster than the historical precedents observed
in developed economies. In many countries, the 85-and-over population is projected to
increase 351 percent between 2010 and 2050, compared to a 188 percent increase for
the population aged 65 or older and a 22 percent increase for the population under age
65. The global number of centenarians is projected to increase 10-fold between 2010 and
2050 (EUROSTAT, 2019).

Behind Japan, the EU provides one of the most distinctive examples of demographic
ageing. The G20 countries are at various stages of economic and population development.
While the process of population ageing is particularly established in regions like Japan,
Northern Africa, Asia, Latin America and the Caribbean (U.N., 2019), this may be
contrasted with South Africa or Saudi Arabia where young people dominate the
population profile. In 2015, older people accounted for 8.2% of the world’s population.
At one end of the spectrum, the share of older people was more than three times the
global average in Japan, where the share of people aged 65 years or more in the total
population was more than one quarter (28.0% in 2018). The EU-27 had the next highest
share of older people among the G20 nations (20.3% in 2019). Half of the remaining non-
EU G20 countries had shares of older people in their total populations that were above
the global average; these included United States (16.0% in 2018) and China (9.3% in 2015).
The G20 countries where older people accounted for a relatively small proportion of the
total population are often characterised as emerging economies, with relatively young

populations and expanding labour forces; examples include Mexico (where older people
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accounted for 7.4% of the total population in 2019), India (5.6% in 2015), Indonesia (5.4%
in 2015), South Africa (5.0% in 2015) and Saudi Arabia (3.0% in 2015). In 2020, the median
age of the world population is projected to be 30.9 years. Japan (48.4 years) had the
highest projected median age among the G20 nations and was followed by the EU-27
(43.9 years) (Figure 2). There were only four G20 countries where the median age was
below the world average: Indonesia, Mexico, India and South Africa (United Nations,

20193, b).
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Figure 2. Share of total population aged 65 years or over, by region, 1990-2050 (United Nations Department
of Economic and Social Affairs, population Division, World Population Prospects 2019).

Epidemiological studies also showed a set of projections about the median age: by
2050, the median age of the world population is projected to reach 36.2 years. The highest
median ages are projected for eastern Asia, peaking at 56.5 years in South Korea and 54.7
years in Japan, while the median age of the population in China (47.6 years) is projected
torise to almost the same level as in the EU-27 (48.2 years). By 2050, the only G20 country
where the median age is projected to remain below the world average is South Africa
(33.9 years) (United Nations, 2019b).

In eastern Asia, the process of population ageing is rapid. The old-age dependency

ratio for Japan is projected to continue rising at a rapid pace through to 2050, when it is

17



projected to reach 80.7%. This implies that, having had almost four working-age people
(defined here as those aged 20-64 years) for each older person (aged 65 years or more)
in 2000, Japan will move to a situation of having approximately 1.2 working-age persons
for every older person by 2050. During the next three decades there will also be a
considerable shift in the structure of the Chinese population. From having an old-age
dependency ratio that was close to but just below the world average in 2015, China is
projected to see its ratio rise rapidly such that it will be 1.7 times the level projected for

the world by 2050 (WHO, 2021).

1.1.2 The European situation

Population ageing is a long-term development that has been apparent for several
decades in Europe. This process is being driven, as in most of the world countries, by
historically low fertility rates, increasing life expectancy and, in some cases, migratory
patterns.

There were 90.5 million older people (aged 65 years or more) living in the EU-27 at
the start of 2019; this equated to approximately one fifth (20.3%) of the total population.

Population projections suggest that the ageing of the EU’s population will quicken in
the coming decades, with a rapid expansion in the number and share of older people
(EUROSTAT, 2020).

The total population of the EU-27 is projected to increase marginally from 446.8
million at the start of 2019 to peak at 449.3 million during the period 2026-2029, before
falling slowly back to 441.9 million by 2050. Consequently, the population of older people
(aged 65 years or more) in the EU-27 will increase significantly, rising from 90.5 million at
the start of 2019 to reach 129.8 million by 2050. During this period, the number of people
in the EU-27 aged 75-84 years is projected to expand by 56.1 %, while the number aged
65-74 years is projected to increase by 16.6 %. By contrast, the latest projections suggest
that there will be 13.5% fewer people aged less than 55 years living in the EU-27 by 2050.

The age profile of society is rapidly developing, so that the relative importance of the
very old (people aged 85 years or more) is growing at a faster pace than any other age
group and by 2050 there will be close to half a million centenarians.

The median age of a population provides a useful summary of the overall age profile,

and it is going to increase rapidly until 2050. A range of factors may influence the median
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age, including fertility, life expectancy, social and economic development. In 2019, the
median age of the EU-27 population was 43.7 years. Across the EU Member States, the
median age was below 40.0 years in Luxembourg (39.5 years), Cyprus and Ireland (where
the lowest median ages were recorded, both 37.7 years). By contrast, the median age of
the population was considerably higher in Germany (46.0 years) and peaked in Italy (46.7
years). The EU-27’s median age is projected to increase by 4.5 years during the next three
decades, to reach 48.2 years by 2050. An increase is projected in each of the EU Member
States, with the median age of the population projected to rise by more than 8.0 years in
Poland, Slovakia and Malta. At the other end of the range, the age profiles of France,
Belgium, the Netherlands and Denmark are projected to develop at a slower pace, as their
median ages are projected to increase by 3.0-4.0 years during the period under
consideration. The pace of change is projected to be even slower in Sweden (where the
median age is projected to increase by 2.6 years) and particularly Germany (a projected
increase of 1.2 years).

In 2019, the share of the very old people in the EU-27 population was 2.8%. There
were five EU Member States where this share was less than 2.0%, with Ireland, Cyprus
and Slovakia registering the lowest shares (1.5-1.6%). By contrast, France and four
southern Member States (Portugal, Spain, Greece and Italy) had the highest shares of very
old people, with a peak of 3.6% recorded in Italy. There were more very old women than
very old men in each of the EU Member States: however, the share of very old men was
generally rising at a faster pace than the share of very old women between 2001 and
2019.

As mentioned before, distribution of elderly people between the two sexes is not
homogeneous, women outnumber men at older ages within the EU-27 population. In
recent years, this gap has started to narrow, as an increasing number of men survive to
older ages. In 2019, there were, on average, 1.33 women aged 65 years or more in the
EU-27 for every man of the same age. The biggest gender imbalances were recorded in

the Baltic Member States (EUROSTAT, 2020).

1.1.3 The Italian situation
According to the Istat, the National Institute of Statistics, Italy together with France,

has the record number of more than 100 years of age among European countries. Italy

19



can indeed boast of one of the world’s most advanced health care systems, lifestyle and
a healthy dietary model based on the Mediterranean diet, making it one of the countries
where life expectancy is among the highest (Istat, 2019).

Therefore, Italy has the third oldest population in the world. As of 2020, 23 percent
of the ltalian population were aged 65 years and older, the same as Martinique, after
Japan and Monaco. As shown in the figure 3, the average age of the Italian population is
45.7 years and has constantly been increasing in recent years, with this projected to grow
further in the coming decades. The oldest regions of the country are Liguria and Friuli-
Venezia Giulia, both situated in the North, while the youngest regions are Campania, in
the South, and Trentino-South Tyrol, in the North-East (Statista Research

Department, 2021).

Median age

2020 2025 2030 2035 2040 2045 2050

Figure 3. The average age of the Italian population, 2020-2050 (STATISTA, 2021).

According to the previous Istat study of 2017, the expected resident population in
Italy would be 58.6 million in 2045 and 53.7 million in 2065; moreover, in 2065 the
average life would increase to 86.1 years for men and up to 90.2 years for women,
compared to an average life of 80.1 and 84.6 years respectively in 2015 (Istat, 2017).

As for other countries, the main explanations for Italy's ageing population are a high
life expectancy and a low birth rate. The result is that people live longer, alongside a

declining number of births. Indeed, Italy is among the countries with the highest. For
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females, it reached 85 years, while for males 81 years. In addition to this, it ranks among
the countries with the lowest fertility rates in the world. However, there are
some regional differences. The birth rate is highest in the Southern regions and on the
Islands, while it is lowest in the Central and North-Western regions. The median age of
the population in ltaly is estimated to grow constantly until 2050. Projections made in
2019 by Statista Research Department suggested that the median age will be equal to
50.8 years in 2030 and 53.6 years by 2050. In Italy, the birth rate has constantly decreased
over the past years. In 2019, roughly seven children were born per every 1,000
inhabitants, about two infants less than in 2002. On the other hand, the number of deaths
in Italy remained rather stable since the beginning of the twenty-first century. This
environment changed in 2020, when the coronavirus (COVID-19) started to spread among
the Italian population. The death rate reached 12.6 per 1,000 inhabitants, a notable
increase compared to previous years. From the perspective of the single regions,
the highest number of deaths was registered in Liguria, whereas the lowest death rate in

the country was reported in Campania (Statista Research Department, 2021).

1.1.4 Marche region trend

The study “Argento-Marche”, conducted in 2003, found that in Marche region people
aged 65 and over represent 21% of the population: they were almost 316,000, of which
133,000 men and 183,000 women.

According to data updated to 2020, Marche region is in eighth position in the ranking
of Italian regions with the highest number of elderly people. In Marche region there were
202.3% elderly people every 100 young individuals. They are progressively increasing and
it has expected that in 2023 would be more than 400,000. Of those interviewed, 36%
considered their health good, 48% considered their health discreet and 15% considered
their health bad; older people who had a negative perception of their health status were
those over 74 and women felt less healthy than men.

From the “Argento study”, the state of health of the elderly population in Marche
Region was overall good, however data confirmed that almost half of the sample had
three or more chronic pathologies. Moreover, 3% of the sample was not self-sufficient

and another 20% of respondents needed help in daily life activities; in addition, 26% of
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the tested population were positive for screening for cognitive disorders (Mancini et al.,

2003).

1.2 INFLAMMAGEING

1.2.1 Inflammageing

Ageing is a ubiquitous complex phenomenon that results from environmental,
genetic, epigenetic and stochastic events in different cell types and tissues and their
interactions throughout life. A pervasive feature of ageing tissues and most age-related
diseases is chronic inflammation (Franceschi and Campisi, 2014).

To better describe this condition, Franceschi et al. in 2000 coined the term
“Inflammageing”, representing a newer dimension to ageing studies and decrees that the
ageing process has a chronic progressive proinflammatory phenotype (Kirkwood, 2018).

There are several theories and terminology to explain inflammageing phenomenon,
although sometimes there is a disagreement in the definitions. Briefly, from a theoretical
perspective, inflammageing is the expansion of the network theory of ageing and the
remodelling theory of ageing (Franceschi, 1989; 1995). The network theory of ageing
hypothesizes that ageing is indirectly controlled by the network of cellular and molecular
defence mechanisms. The remodelling theory is the gradually adaptive process of the
body with a net result controlling malignant damage resulting in a trade-off with
immunity; therefore, when innate immunity is activated causing an increased pro-
inflammatory state can be termed inflammageing. The remodelling theory was also
implied to explain immunosenescence (Salminen et al., 2008). Others proposed the
oxidation-inflammation theory of ageing (De la Fuente and Miquel, 2009).

The prevailing consensus is that the primary feature of inflammageing is an increase
in the proinflammatory status with advancing age (Kirkwood, 2018). More completely,
inflammageing describes the low-grade, chronic, systemic inflammation that develops
with advanced age, in the absence of overt infection (“sterile” inflammation).
Inflammageing plays an increasingly important role in the rate of ageing and age-related
diseases, and it is a highly significant risk factor for both morbidity and mortality in elderly
people. In some cases, it may contribute to clinical manifestations of other age-related

pathologies (Franceschi and Campisi, 2014).
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This topic is attracting a lot of interest, due to its impacts on society and on the quality
of life of the population, enough to increase the research activities to discover and
investigate all aspects of this phenomenon, to better understand causes, effects and

potential solutions and any preventive strategies.

1.2.2 Inflammageing causes

The aetiology of inflammageing and its potential causal role in contributing to adverse
health outcomes remains largely unknown. The identification of pathways that control
age-related inflammation across multiple systems is therefore important in order to
understand whether treatments that modulate inflammageing may be beneficial in
people (Franceschi and Campisi, 2014). There are several potential mechanisms and
sources of inflammageing, they are not mutually exclusive, and their relative
contributions require further studies.

One source of inflammageing could be the damaged macromolecules and cells (self-
debris) that accumulate with age due to increased production and/or inadequate
elimination. Self-debris released as a consequence of cell/organelle injury can mimic
bacterial products and function as endogenous “damage”-associated molecular patterns
that activate innate immunity. Molecules and substances like damaged cellular and
organelle components, free radicals from oxidative stress, metabolites (extracellular ATP,
fatty acids, urate crystals, ceramides, cardiolipin, amyloid, succinate, peroxidised lipids,
advanced glycation end-products) are recognized by a network of sensors as “danger”
signals and initiate immune reactions that are necessary for physiological repair.
However, as damage accumulates, the danger responses can become chronic and hence
maladaptive.

A second source of inflammageing might be represented by metabolites and other
products released by oral and gut microbial population, which can leak into surrounding
tissues and the circulation. The permeability of the intestinal barrier decreases with
ageing and consequently the probability of passage of active compounds and metabolites
increases leading to chronic low-grade inflammation. Alternatively, the gut microbiota
itself might change with age so that the microorganisms present in the aged gut elicit an

inflammatory response. This phenomenon doesn’t occur in young gut, for this reason
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host—pathogen balance is important at every age to keep “harmful” agents inactive
(Franceschi et al., 2000; 2014).

Third, inflammageing might be due to cellular senescence. Senescence is a cellular
response to damage and stress conditions; it suppresses the proliferation of cells with a
compromised genome and contributes to optimal wound healing in normal tissues.
Furthermore, persistent senescent cells are thought to guide ageing and age-associated
diseases through their secretory phenotype and they tend to accumulate with age in
many tissues. Practically, senescent cells feed age-related pathologies because they
secrete numerous proinflammatory cytokines (senescence-associated secretory
phenotype or SASP) that modify the tissue microenvironment and alter the function of
nearby normal or transformed cells. Studies revealed that the removal of senescent cells
in prematurely aged mice prevents several age-related pathologies (Coppé et al., 2010).
Senescent cells tend to accumulate in adipose tissue, particularly the visceral fat of obese
individuals; fat is a rich source of inflammatory cytokines and major changes in fat
distribution and lipid composition may have important clinical consequences linked to
age-related disorders (Tchkonia et al., 2010).

Inflammageing could be also caused by the increasing activation of the coagulation
with age since coagulation and inflammation share components and strong interactions.
An example is the increased risk of hypercoagulation observed with ageing that may
account for the higher incidence of arterial and venous thrombosis in the elderly people
(Franceschi and Campisi, 2014).

Another important phenomenon is that age-related changes to the immune system
(immunosenescence) could contribute to inflammageing, since adaptive immunity
declines with age, whereas innate immunity undergoes more subtle changes that could
result in mild hyperactivity. These age-related changes most likely result from both
lifelong exposure to pathogens and antigens, as well as intrinsic changes in immune cells
and possibly genetic predisposition. A major role is likely played by persistent infections
such as those caused by CMV and HIV, which are associated with accelerated
immunosenescence and ageing. Finally, defective, or inappropriate regulation of the
complement pathway can lead to local inflammatory reactions in age-related macular

degeneration, the leading cause of blindness in the elderly people (Gallenga et al., 2014).
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This mechanism could be involved in many other degenerative diseases (Franceschi and

Campisi, 2014).

1.23 Inflammageing biomarkers: C-reactive Protein

Biomarkers can be defined as any alterations in the constituents of body or tissue
fluids. These kinds of markers provide a useful instrument for uniform classification of
a disease with its risk factors and can be extended in understanding the basic underlying
physiopathology of disease. Furthermore, a biomarker is a parameter (chemical,
physical, or biological) that can be applied not only to detect and monitor the progress
of disease but also the effectiveness of treatment in preclinical research and clinical
diagnosis (Ansar and Ghosh, 2016). More significantly, a biomarker points out a change
in state or expression of proteins, peptides, genes, and other factors that associate with
the progression or risk of a disease, initial diagnosis, drug response, susceptibility of the
patient to a given treatment, drug target identification, or disease intervention.
Advances in research tools allow to study the whole set of biomarkers using proteomics
technologies, genomics, different imaging technologies, and invasive or non-invasive
laboratory investigations (Kumar and Sarin, 2009; Mayeux, 2004).

Humans and animals are continuously exposed to trauma, stress and injury that can
stimulate the organism to elicit a set of highly organized immunological, physiological,
metabolic, and behavioural responses. Since the causes and sources of inflammation
are manifold, also the involved groups of mediators, biomarkers, pathways, and key
responders/effectors during the immune response inflammation are varied. In
laboratories, animal models for inflammatory diseases have been developed to
understand how inflammation process works, identify inflammatory biomarkers and
find out their potential role in therapeutics.

The biomarkers responsible for inflammatory diseases are of heterogeneous nature,
but currently, there are no specific markers for inflammation. In hospitals some broad-
spectrum inflammatory markers are routinely investigated and could be identified for
safe assessment in diagnosis, treatment and prognosis which may be helpful for routine
diagnosis in the future (Ansar and Ghosh, 2016). Concerning inflammation, the clinical
investigation revealed some broad-spectrum markers like C-Reactive Protein (CRP),

erythrocyte sedimentation rate (ESR), total leukocyte count (TLC), differential leukocyte
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count (DLC), sodium—potassium level, urea—creatinine level, antinuclear antibody, pro-
brain natriuretic peptide (pro-BNP), and human leukocyte antigen (HLA) (Ansar and
Ghosh, 2016). Perhaps the most regularly used nonspecific prognostic inflammatory
biomarker is the C-Reactive Protein. CRP, named for its capacity to precipitate the
somatic C-polysaccharide of Streptococcus pneumoniae, was the first acute-phase protein
to be described and now it is an important sensitive systemic marker in the diagnostic of
a varied spectrum of diseases. Human CRP is composed of five identical, non-glycosylated
polypeptide subunits, each composed of 206 amino acid residues, but a CRP monomeric
structure has been also described and this form seems to have greater prothrombotic
properties (Molins et al., 2008;2011). It is a general marker in inflammation that reveals
when a pathological condition is related to an inflammatory or non-inflammatory state.
The CRP level can also define if the inflammation is acute (severe and sudden, such as
with an allergic reaction) or chronic (persistent, such as in elderly people). The
assessment of disease pathology, diagnostics, prognostics, and therapeutic applications
of CRP in different diseases is already cited (Ansar et al., 2006; 2013).

Recent studies have also provided evidence of systemically generated inflammatory
biomarkers versus mediators both in acute and chronic inflammation, although these
kinds of markers are often examined one by one. The process of inflammation is
triggered by mononuclear phagocytes, which in turn alter the concentration of various
biomarkers, the cascade of complement pathways, antibody production, and
subsequent tissue repairing and resolution, when possible. This complex process, the
relationship between biomarkers or with mediators remains still largely unclear, while
it is an important aspect to study and deepen (Ansar and Ghosh, 2016).

As described in the previous paragraphs, inflammageing is the condition developed
by most older people and it is associated with dysregulation of the inflammatory response
by immune system (Baylis et al., 2013). In the phenomenon of inflammageing, the
remodelling of the innate and acquired immune system plays an important role, resulting
in chronic inflammatory cytokine production. Inflammatory biomarkers produced during
this long-lasting flogistic process could also carry high susceptibility to chronic morbidity,
disability, frailty, and premature death; since it is a trigger for further adverse events,
chronic inflammation process is an event not to be underestimated in the elderly

population (Molins et al., 2008).
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Ageing is defined by an evident inflammatory state with high circulating levels of pro-
inflammatory markers. In addition to the CRP, there is a list of markers involved in
inflammageing, such as IL-1, IL-1 receptor antagonist protein (IL-1RN), IL-6, IL-8, IL-13, IL-
18, IFNa and IFNB, transforming growth factor-p (TGFB), tumour necrosis factor (TNF) and
its soluble receptors (TNF receptor superfamily members 1A and 1B) and serum amyloid
A. Although it’s still difficult to make a comprehensive list of pro-inflammatory markers
tightly associated with ageing, high levels of the markers just cited are detected in the
majority of older individuals, even in the absence of clinically active diseases (Ferrucci and
Fabbri, 2018).

The CRP is the main inflammatory marker even in older subjects, where, in case of
inflammatory process ongoing, stimulus by IL-6 and other cytokines causes the release of
the CRP by hepatocytes. Several studies have shown that this protein, in form of High-
Sensitivity C reactive protein (hsCRP) can be considered a valid and reliable marker for the
diagnosis of several pathologies, at the base of which there is the establishment of an
inflammatory process and/or tissue damage. This feature does not belong to all other
markers. Increased CRP production, for example, seems to be associated with acute
myocardial infarction and acute coronary syndrome, since tissue necrosis is a potent
acute-phase stimulus and, following myocardial infarction, there is a major CRP response
which level reflects the degree of myocardial necrosis (Pepys and Hirschfield, 2003). Some
studies revealed that increased levels of CRP are also associated with depression, there is
a relationship between hair cortisol and plasma CRP with the persistence of depressive
symptoms, across a 14-year period in older adult population; so elevated cortisol and CRP
levels could be reliable biomarkers of somatic depressive symptoms (lob et al., 2020).
Moreover, there is growing evidence that hypertension, atherosclerosis, and vascular
disease in general are inflammatory diseases and therefore associated with CRP
increment (Hage, 2014). Other pathological conditions related with high levels of CRP are
age-related macular degeneration (AMD), that is a condition characterized by central
vision loss in elderly individuals and osteoarthritis, a chronic joint disorder with low grade
systemic inflammation (Chirco et al., 2016; Jin et al., 2015). Finally, Chambers et al. (2001)
found further strong positive correlations between baseline CRP concentration and BMI:
the weight loss lowers the CRP value. Raised CRP values are also associated with the

insulin resistance or metabolic syndrome. Physical exercise and moderate alcohol
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consumption are both associated with the lowering of base-line CRP concentration; in
contrast, there is a positive association of CRP values and smoking (Pepys and Hirschfield,

2003).

1.2.4 Chronic low-grade inflammation in elderly people and geriatric syndromes

The ageing phenotype can be described as a complex mosaic resulting from the
interaction of a variety of environmental, stochastic, genetic and epigenetic
events/stimuli. In its broadest sense, ageing refers to the changes that occur during an
organisms’ life span, involving combinations of molecular, cellular and physiological
variables, and a small number of basic molecular mechanisms, including some
evolutionary highly conserved basic biological mechanisms responsible for body
maintenance and repair (Colloca et al., 2020). The changes that continuously occur in
human body could be innocuous or, in case of ageing, lead to increased risk of disease,
disability, or death; in this case the proper term to use is “senescence”. Senescence is
defined as the progressive deterioration of bodily functions over time and normal human
ageing has been correlated with a loss of complexity in a wide range of anatomic
structures and physiological processes, such as blood pressure, respiratory cycles, vision,
postural dynamics and increased risk of mortality. There is no clear evidence which
changes are the most important drivers of the ageing process and how they influence
each other, but one of the key mechanisms is inflammation (Colloca et al., 2020). Actually,
inflammation could be beneficial and useful when it is an acute and transient immune
response to harmful conditions such as traumatic tissue injury or an invading pathogen
(Franceschi and Campisi, 2014). This response also facilitates the repair, turnover, and
adaptation of many tissues. However, during ageing, this kind of responses may be
impaired, leading to the development of inflammageing.

This phenomenon results as critical trigger in the pathogenesis of major age-related
chronic diseases, such as changes in body composition, energy production and utilization,
metabolic  homeostasis, osteoporosis, type 2 diabetes, atherosclerosis,
neurodegeneration, disability, cardiovascular diseases thus contributing to premature
mortality (Franceschi and Campisi, 2014). Furthermore, in elderly people, tissues (adipose
tissue, muscle), organs (brain, liver), systems (immune system), and ecosystems (gut

microbiota) of the body can contribute to the onset and progression of the systemic
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inflammatory state. Epidemiological studies have proved that inflammageing plays a
crucial role in the most important geriatric conditions that could seriously interfere with
a person's daily life (Colloca et al., 2020); based on these findings, many researchers have
proposed that inflammageing could be used as marker of accelerated ageing and should
be considered to be one of the pillars of the biology of ageing (Ferrucci and Fabbri, 2018).

The world of geriatric syndromes is wide and continuously object of study; by
definition, a “geriatric syndrome” is a clinical condition typical of elderly individuals
characterized by multiple causes determining a unified manifestation. It includes a group
of signs and symptoms occurring together and characterizing an abnormality. This implies
that geriatric syndromes present a multifactorial and extremely heterogeneous
background, causing clinical, psychological, social, and environmental vulnerabilities
(Inouye et al., 2007). One of the most problematic expressions of population ageing is
frailty. It is a geriatric syndrome characterized by the reduction of functional reserves and
increased vulnerability to stressors, resulting from the cumulative decline of multiple
physiological systems that cause an increased risk of adverse health-related outcome
(Cesari et al., 2017). Frailty is sometimes presented as a syndrome, some others as a state
of health determined by the age-related accumulation of deficits; this ambiguity depends
on the patient’s overall state when it is diagnosed. Generally, frailty is frequently
described as a syndrome because associated with the widely diffused model proposed by
Fried and colleagues (2001) in which, the so-called frailty phenotype, is based on the
assessment of 5 criteria: weakness, slowness, exhaustion, low activity and weight loss
(Fried et al., 2001). More recently, in France, has been developed a frailty screening tool
based on the frailty phenotype that includes also social and cognitive factors, modifying
the definition of this geriatric situation as “a medical syndrome with multiple causes and
contributors that is characterized by diminished strength, endurance and reduced
physiologic function that increase an individual’s vulnerability for developing increased
dependency and/or death” (Morley et al.,, 2013). Among the geriatric events, it is
important to describe the most common conditions. Falls: defined as an event which
results in a person coming to rest inadvertently on the floor, causing distress for the
individual due to the consequent higher morbidity, loss of physical function, and
increased risk of death. In advanced age, falls have multifactorial aetiology, including the

age, sensory impairment, musculoskeletal weakness, postural modifications and
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hypotension, medications, and environment. Cognitive impairment: defined as
deterioration in memory or executive function, difficulty learning new information or
recalling previously learned information and other disturbances of cognitive function such
as aphasia, apraxia, and agnosia (Kane et al., 2012). Dementia is the most common
cognitive impairment; some symptom clusters are called dementia subtypes, such as
Alzheimer's disease, frontotemporal dementia (FTD), vascular dementia and Lewy body
dementia (Finucane, 2018). Disability: defined as having difficulty with or requiring help
with ADLs (dressing, hygiene, bathing, toileting, transferring, ambulating, feeding, and
grooming) or IADLs (telephoning, shopping, preparing meals, housekeeping,
transportation, medication, and financial management) (Kane et al., 2012). The age-
related impairment of movement is multi-causal even if the quantitative and qualitative
decline of skeletal muscle (sarcopenia) may represent one of the main causes of the loss
of mobility. Finally, Malnutrition: defined as undesirable weight loss or low body mass
index (BMI). Among the contributing factors, dysphagia and oral health problems such as
tooth loss, toothache and difficulty chewing play a key role in malnutrition in elderly
people Khan et al., 2014; Van Lancker et al., 2012). Malnourished older people are
characterized by some biochemical markers, such as low blood albumin levels, anaemia,
and deficit of micronutrients (iron, B12 or folate deficiency) that should monitored (Kane

et al., 2011).

1.3 NEW STRATEGIES FOR HEALTHY AGEING

13.1 The new concept of healthy ageing

The substantial increases in life expectancy at birth achieved over the previous
century, the medical advances and the increase in health care costs, have led to
international interest in how to promote a healthier old age and how to age “successfully”
(Bowling and Dieppe, 2005).

The term “successful ageing” refers to an idea of ageing characterised by life
satisfaction, longevity, freedom from disability, mastery and growth, active engagement
with life and independence (Martin et al., 2015). Behind this, there is also the philosophy
of “active ageing” that underlies, therefore, that ageing should not be considered as the

final stage of life but as a period during which older people contribute to society and
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should therefore be preserved. Active ageing is an important concept that can bring
benefits for the individual and the community, but also for the whole society since elderly
population in healthy state, that is autonomous and integrated, is a population less in
need of health care (WHO, 2012).

Active ageing seems to refer to a positive state of elderly people with absence or
reduced presence of disease, but this concept needs to be expanded. Most health
problems are the result not only of the presence of chronic diseases coexisting in the same
subject, but also of their interaction with the ageing process itself, resulting in
modification of the functional capacity that could influence life's habits. It is for this
reason that the World Health Organization in its World Report on Ageing and Health,
defined and extended the concept of Healthy Ageing to the process of developing,
promoting, and maintaining the functional ability that allows well-being in old age. With
this new concept, ageing in a healthy way does not mean ageing without disease, but
being able to do things that we value for as long as possible. This includes some personal
abilities like meet their basic needs; learn, grow and make decisions; be mobile; build and
maintain relationships; contribute to society. Functional ability consists of the intrinsic
capacity of the individual and it is influenced by environmental characteristics and the
interaction between them. Intrinsic capacity results in all the mental and physical abilities
that a person can draw on and includes their capacity to walk, think, watch, hear and
remember. The level of intrinsic capacity is influenced by several factors such as the
presence of diseases, injuries and age-related changes. While environments include the
home, community and broader society; also, all the factors within them such as the built
environment, people and their relationships, attitudes and values, health and social

policies take part to this aspect (WHO).

1.3.2 New strategies for healthy ageing

The ageing and the longevity of population have become the global public health
challenge because, for the first time in history, people aged 65 years and more in the
world will outnumber children aged younger than 5 years (UN, 2014). With populations
ageing across the EU and the world, pensions, healthcare and long-term care systems risk
becoming financially unsustainable, as a shrinking labour force may no longer be able to

provide for a growing number of older people.
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Healthy ageing, like active ageing, emphasizes the need for public actions across
multiple sectors and enabling older people to remain a resource to their families,
communities and economies. This concept is object of the European Commission’s policy
directed towards ‘helping people stay in charge of their own lives for as long as possible
as they age and, where possible, to contribute to the economy and society’.

The European innovation partnership (EIP) on active and healthy ageing was created
in 2011 and aims to foster innovation that will promote active ageing and raise healthy
life expectancy. Later, the United Nations General Assembly declared 2021-2030 the
Decade of Healthy Ageing and asked WHO to lead the implementation. The Decade of
Healthy Ageing is a global collaboration bringing together governments, civil society,
international agencies, professionals, academia, the media and the private sector for 10
years of concerted, catalytic and collaborative action to foster longer and healthier lives.

The Decade builds on the WHO Global Strategy and Action Plan and the United
Nations Madrid International Plan of Action on Ageing and supports the realization of the
United Nations Agenda 2030 on Sustainable Development and the Sustainable
Development Goals. The Decade of Healthy Ageing (2021-2030) seeks to reduce health
inequities and improve the lives of older people, their families and communities through
collective action in four areas: changing how we think, feel and act towards age and
ageism; developing communities in ways that foster the abilities of older people;
delivering person-center integrated care and primary health services responsive to older
people; and providing older people who need it with access to quality long-term care
(WHO).

To answer to these new challenges, the Ministry of Health has also drawn up simple
practical rules that can be followed to ensure healthy ageing (Ministero della Salute,
2012):

1. New dietary strategies: vary the diet as much as possible, alternate meat with fish
and legumes, take fibres and abundant amounts of fresh vegetable and fruit, limit the use
of salt and prefer olive oil, moderate the intake of sweets and coffee and drink at least a
litre and a half of water a day. Use of new functional foods. In case of specific pathologies,
follow the diet prescribed by a medical professional.

2. Stay active and on movement: physical activity is useful for the body and for the

mind; it is enough a walk a day of at least 30 minutes at moderate speed.
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3. Take care of interests and relationships: maintain friendships and relationships with
family members, undertake new relationships and take care of some interest such as
volunteering.

4. Living in a safe home: improve the lighting of interior spaces, install fire prevention
systems, overhaul the electrical system and wear comfortable shoes.

5. Attention for the seasons that are too hot or too cold: avoid going out during the
hottest hours in the summer season, drinking a lot and wearing light clothing; during the
winter, cover themselves properly, take meals and hot drinks and avoid staying too close
to stoves or others heat sources.

6. Contact the family doctor if there are any health problems.

Healthy ageing is not only an urgent topic for the public health, but also the ultimate goal
of ageing research; the mechanisms of healthy ageing, in fact, have been widely
investigated and are still object of study through a wide spectrum of disciplines, including
molecular biology, neurology and public health. All the achievements in this field could

be useful to develop new valid prevention strategies (Kennedy et al., 2014).

1.3.3 Nutritional strategies for healthy ageing

Nutrition is recognised as one of the major determinants of successful ageing and it
is one of the best prevention strategies (Krondl et al., 2008).

The effect of diet on human health has been amply reported in many epidemiological,
population based, and randomised clinical trials, providing evidence that nutrients and
other substances obtained from a wide variety of foods promote health, maintain
metabolic homeostasis, and reduce the incidence of disease. However, the optimal
dietary strategy to prevent chronic degenerative diseases remains a challenging and a
highly relevant issue. Different types of diet were imposed to public attention, but the
one that got the greatest interest is certainly the Mediterranean diet that has been
extensively reported to be associated with a favourable health outcome and a better
quality of life (Sofi et al., 2013; 2014). Increasing evidence suggests that a Mediterranean
style diet that is high in fruit, vegetables, fish and with the adequate dietary protein intake
may reduce the risk of mild cognitive impairment, Alzheimer’s disease and support lean
body mass maintenance (Shlisky et al., 2017). This is good evidence, since the percentage

of malnourished elderly people is going to increase, and with it also the number of cases
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of “nutritional frailty” (Salazar et al., 2017). Therefore, nutritional strategies in the elderly
should be addressed considering their intestinal microbiota, the immune system as well
as nutritional deficiencies and needs as a whole (Louis and Flint, 2009).

A relevant nutritional strategy for well-being is the use of functional foods. The
concept of functional foods was first introduced in Japan in the mid-1980s when the
Japanese government began funding research programs to study the ability of certain
foods to influence physiological functions and as a convenient solution to prevent/cure
some of the chronic health problems (Ohama et al., 2006). Along the time, the definition
of functional food has been revisited, until the definition at the international conference
in 2014: “Natural or processed foods that contains known or unknown biologically-active
compounds; which, in defined, effective non-toxic amounts, provide a clinically proven and
documented health benefit for the prevention, management, or treatment of chronic
disease” (Martirosyan and Singh, 2015). In accordance with this definition, “functional
foods” are foods or food ingredients that provide additional health benefits behind the
basic nutritional needs, due to their bioactive compounds that act synergistically,
contributing to improve the quality of life and longevity (Gibson et al., 2017; Martirosyan
and Singh, 2015).

Studying the biological and cellular mechanisms responsible for the ageing, it is
possible to select conventional functional foods or develop modified/fortified functional
foods with promising profiles. Some examples are foods with antioxidant activity, that
have received attention because of their potential role in modulating oxidative stress
associated with ageing and chronic conditions. Resveratrol is a natural compound found
in several plants which has been shown to have powerful antioxidant properties with the
ability to neutralize free radicals. Resveratrol is present in red wine, like other flavonoids,
and it has been indicated as one of the potential protective factors in the prevention and
treatment of a large number of diseases, included cardiovascular health, blood glucose
control, skin health, bone health, and memory (Honari et al.,, 2019). Relevant to the
potential benefits of resveratrol is how different foods/supplements affect the gut
microbiota, especially those promoting increased growth of beneficial microbes in the
gut. Resveratrol and other polyphenols have been suggested to inhibit pathogenic
bacteria while stimulating the growth of beneficial bacteria, exerting prebiotic-like

effects. Importantly, recent publications show that some of the effects of resveratrol
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including reduced atherosclerosis and improved glucose homeostasis (Walker et al., 2018;
Gal et al., 2021). Moreover, dietary components of foods containing antioxidant activity
such as vitamin E and C or specific forms of fatty acids such as (n-3) polyunsaturated fatty
acids (PUFA) been largely studied. Higher levels of vitamin A and E were found in human
healthy centenarians, reinforcing the antioxidant—life span relationship. While Vitamin C
is a promising anti-hypertensive, once its plasmatic levels were inversely associated with
arterial blood pressure (Bischoff-Ferrari et al., 2004). Fruits and vegetables are considered
functional foods, as they have specific compounds that have been shown to prevent and
reduce diseases. These compounds are known as phytonutrients (lycopene, anthocyanin,
beta-carotene, lutein, zeaxanthin, isothiocyanate and allicin). Fruits also provide fibres,
vitamins, minerals, flavonoids and terpenes, many of which provide protection against
oxidative processes (Ohama et al., 2006). Vegetables are also an important source of
phytosterols, the intake of which is associated with a reduction in serum cholesterol levels
and of cardiovascular risk. Extra Virgin Olive Oil (EVOO) and its bioactive components
(fatty acids, phytochemicals, such as polyphenolic compounds, squalene and a-
tocopherol) have shown a broad range of promising activities in different inflammatory
and autoimmune diseases (Masala et al., 2007). The foods just described are only a part
of the wide variety of functional foods that are continuously studied and characterized by

researchers as useful support for health and well-being.

1.3.4 Probiotic functional foods for elderly people

The gastrointestinal tract and its resident microbes have far-reaching implications for
health. When elderly population is increasing worldwide, the analysis of the contribution
of the microbiota to healthy ageing assumed greater significance, especially from the
perspective of improving the wellness of aged people by modulating the gut microbiota
(Salazar et al., 2017).

Among functional foods, probiotics enriched foods may exert positive effects on the
composition of gut microbiota and on some age-related problems (Salazar et al., 2013).

Probiotic concept, from the Greek “pro-bios” (for life), was coined by Metchnikoff,
even if Parker, in 1974, first defined probiotics as: “organisms and substances which
contribute to intestinal microbial balance” (Caramia and Silvi, 2011). Further studies

brought to the most appropriate definition formulated by FAO/WHO (2002): “Live
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microorganisms which, when administered in adequate amount, confer a health benefit
to the host”.

The addition of probiotics to food to confer health benefits has become widespread
in recent years, garnering interest from the scientific community and the general public
with a probiotic market that has expanded rapidly (Power et al., 2014). The microbial
species used in the probiotic industry must respect some specific criteria. Bacteria should
be safe for human use (reference to the criteria adopted by EFSA), not be pathogenic,
toxic, mutagenic, or carcinogenic in the host organism and be genetically stable without
a plasmid transfer mechanism, especially concerning antibiotic resistance (Granato et al.,
2010). Also, the amount is important, the adequate numbers of viable cells (therapeutic
minimum) need to be consumed regularly. The minimum effective dose, which affects the
intestinal environment and provides beneficial effects on human health, is considered to
be 108-10° live microbial cells a day. In addition to survive the stomach and arrive to the
intestine in optimal numbers, probiotic strains must be able to adhere to intestinal
epithelium and/or mucus, persist and multiply in the gut to maintain its metabolic activity
and confer their probiotic properties in the human body (Linares et al., 2017).

Probiotics administration in old people have been documented to increase intestinal
levels of beneficial lactobacilli, bifidobacteria, and enterococci, with reduced levels of
enterobacteria.

This may well counter the age-related changes in the intestinal microbiota and
therefore prevent diseases such as Cl. difficile-associated diarrhoea, constipation, and
common respiratory and gastrointestinal infections. These preventative effects against
the risk of infections have been attributed partly to the immune-modulatory and anti-
inflammatory activities of probiotics by increasing NK (natural killer) cell activity,
increased phagocytosis, which may underline the improvement of the immune-ageing
(Nagpal et al., 2018).

The administration of probiotics in the elderly has proved useful also to promote
intestinal well-being in terms of reduced orofecal transit time, decreased abdominal pain,
bloating, the number of loose stools, and diarrhoea episodes (Ouwehand et al., 2014).

Probiotic bacteria may influence the intestinal microbiota and/or induce beneficial
host responses with different mechanisms: production of antimicrobial compounds (e.g.

bacteriocins), the reduction of luminal pH through the production of SCFAs, competition
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with pathogens for nutrients and prebiotics, competitive exclusion of pathogens for
adhesion to epithelial cells, production of growth substrates (e.g. vitamins, SCFAs and
exopolysaccharide), enhanced intestinal barrier function (e.g. increased mucus and b-
defensin secretion and/or modulation of cytoskeletal and tight junction protein
phosphorylation), modulation of immune response.

It is important to take into consideration that the mechanism of action of probiotics
is strain specific, so different probiotic strains have been associated with different effects
related to their specific capacities (Power et al., 2014). A variety of genera and species of
microorganisms are considered as potential probiotics. Lactobacillus spp. and
Bifidobacterium spp. are the most common bacteria used by the food industry, as they
are typically granted “Generally recognised as safe” (GRAS) status by several regulatory
agencies and they are also species dominant inhabitants in the human intestine. However,
species belonging to the genera Lactococcus, Enterococcus, Propionibacterium and
Saccharomyces yeasts (e.g., S. cerevisiae and S. boulardii) and filamentous fungi (e.g.,
Aspergillus oryzae) are also used as probiotics due to their health promoting effects
(Tripathi et al., 2014). Most of the cited strains are lactic acid bacteria (LAB), found in
traditional fermented food and used in food fermentation-controlled process. The most
known is the Lactobacillus acidophilus that is also considered the predominant
lactobacillus in the intestinal tract of heathy humans (Rivera-Espinoza and Gallardo-
Navarro, 2010).

Probiotics and their effects on human health have been demonstrated both within
different food matrices and as single or mixed microbial culture preparation (Verdenelli
et al., 2009; Silvi et al., 2014). Dairy-based products are suggested to be the main carriers
for the delivery of probiotics: yogurts, fresh cheeses, fermented milks, ice cream, baby
food, milk powder, frozen dairy desserts, whey-based beverages, sour cream, buttermilk,
normal and flavoured liquid milk (Coman et al., 2013). Among dairy products, yogurt has
been used for a long time and has been known to maintain human health by its excellent
nutrition profile. Yogurt is accessible and convenient to consume by the older population.

Furthermore, also synbiotic products, such as the synbiotic yogurt have been studied.
The term “synbiotic” refers to the combined relationship between probiotics and

prebiotics.
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In general, the potential health effects of synbiotic products on elderly include
changes in the composition and activity of the intestinal microbiota, especially by
promoting the growth of Bifidobacterium and Lactobacillus species in the gut. Some age-
related conditions and discomforts are improved, such as evacuation frequency
(constipation/diarrhoea), immunomodulation, nutrient availability, especially regarding
increased calcium and magnesium availability (Bedani et al., 2016). For example, with
ageing the intestinal motility may change because of the decrease in Bifidobacterium in
the intestinal microbiota. Studies demonstrated that fruit juice supplemented with L.
rhamnosus and Propionibacterium freudenreichii resulted in a 24% increase in defecation
frequency; moreover, milk fermented with L. casei shirota in Parkinson’s Disease (PD)
patients with constipation resulted in a significant improve of stools with a normal
consistency, and significant reductions in bloating, abdominal pain, and the feeling of

incomplete emptying (Martinez-Martinez et al., 2017).

14 PROJECT OVERVIEW

The research activities subject of the current thesis work are part of the project
“Assessment of the effect of a diet based on probiotic functional food on low-grade
inflammation in healthy senior subjects: PROBIOSENIOR project” financed by the Marche
Region within the call: “Promoting innovative solutions to address local community
challenges in the area of health and well-being” - POR MARCHE FESR 2014-2020. This
study, coordinated by Synbiotec Srl (Camerino, Italy), received the favourable opinion of
the Regional Ethical Committee (Comitato Etico Regione Marche-CERM). The companies
involved, besides the University of Camerino, are the University of Florence, Fidoka Srl
(MC), and the functional foods producers: dairy farm Val d’Apsa in Urbino (PU),
Synbiofood Srl in Civitanova Marche (MC) and Synbiotec Srl in Camerino (MC).

PROBIOSENIOR was an in vivo, double-blind, randomized, placebo-controlled trial.
The study design, developed into three phases, is based on the administration of a dietary
supplementation with functional foods and/or dietary supplements, containing probiotic
microorganisms, to elderly people, and monitor any changes. The main aim of the study
is the evaluation of the effects of a probiotic functional food-based diet on the reduction

of low-grade inflammation, in healthy senior subjects.
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1.5 OUTLINE OF THE THESIS

The objectives of the thesis were: evaluation of the reduction of low-grade
inflammation in elderly people and their well-being status after probiotic
supplementation. This wide purpose actually includes further aspects and evaluations,
before and after the intervention: assessment of the composition of the intestinal
microbiota and the integrity of the barrier function; monitoring and follow-up of physical
and psychological well-being; monitoring of the level of biomarkers of inflammation, such
as the high sensitivity C-reactive protein (hsCRP), and blood clinical parameters;
evaluation of immunological status, through the modulation of the expression of some
circulating factors, the nutritional status, intestinal health status, metabolomics,
information on general health status.

The content of each chapter are summarized in below: Chapter 2 — PROBIOSENIOR
project: a probiotic functional foods-based diet to improve healthy ageing; Chapter 3 —
Questionnaires as effective monitoring of health status in the elderly; Chapter 4 —
Assessment of probiotics effects on gut microbiota modulation in the elderly; Chapter 5
— Probiotics effects on short-chain fatty acids production by gut microbiota; Chapter 6 —
Monitoring of biogenic amines on probiotics-supplemented seniors; Chapter 7 — Effects
of probiotic supplementation on inflammatory markers in the elderly; Chapter 8 — Impact
of probiotic supplementation on hsCRP concentration and haematological parameters;
Chapter 9 — Interactive nutritional education interventions for elderly people to promote

healthful ageing; Chapter 10 - Final conclusions.

39



1.6 REFERENCES

Ansar, W., Bandyopadhyay, S.M.N., Chowdhury, S., Habib, S.H., Mandal, C., 2006. Role of C-reactive
protein in complement-mediated hemolysis in Malaria. Glycoconj. J. 23, 233-240.
https://doi.org/10.1007/s10719-006-7928-0

Ansar, W., Ghosh, S., 2016. Inflammation and Inflammatory Diseases, Markers, and Mediators: Role
of CRP in Some Inflammatory Diseases, in: Ansar, W., Ghosh, S. (Eds.), Biology of C Reactive
Protein in Health and Disease. Springer India, New Delhi, pp. 67-107.
https://doi.org/10.1007/978-81-322-2680-2_4

Ansar, W., Ghosh, S., 2013. C-reactive protein and the biology of disease. Immunol. Res. 56, 131-142.
https://doi.org/10.1007/s12026-013-8384-0

Baylis, D., Bartlett, D.B., Patel, H.P., Roberts, H.C., 2013. Understanding how we age: insights into
inflammaging. Longev. Heal. 2, 8. https://doi.org/10.1186/2046-2395-2-8

Bedani, R., Isay Saad, S.M., Sivieri, K., 2016. Chapter 37 - Potential Benefits of Probiotics, Prebiotics,
and Synbiotics on the Intestinal Microbiota of the Elderly, in: Watson, R.R., Preedy, V.R.
(Eds.), Probiotics, Prebiotics, and Synbiotics. Academic Press, pp. 525-538.
https://doi.org/10.1016/B978-0-12-802189-7.00037-X

Bischoff-Ferrari, H.A., Dawson-Hughes, B., Willett, W.C., Staehelin, H.B., Bazemore, M.G., Zee, R.Y.,
Wong, J.B., 2004. Effect of Vitamin D on falls: a meta-analysis. JAMA 291, 1999-2006.
https://doi.org/10.1001/jama.291.16.1999

Bowling, A., Dieppe, P., 2005. What is successful ageing and who should define it? BMJ 331, 1548—
1551. https://doi.org/10.1136/bmj.331.7531.1548

Caramia, G., Silvi, S., 2011. Probiotics: From the Ancient Wisdom to the Actual Therapeutical and
Nutraceutical Perspective. https://doi.org/10.1007/978-94-007-0386-5_1

Cesari, M., Calvani, R., Marzetti, E., 2017. Frailty in Older Persons. Clin. Geriatr. Med. 33, 293-303.
https://doi.org/10.1016/j.cger.2017.02.002

Chambers, J.C., Eda, S., Bassett, P., Karim, Y., Thompson, S.G., Gallimore, J.R., Pepys, M.B., Kooner,
J.S., 2001. C-reactive protein, insulin resistance, central obesity, and coronary heart disease
risk in Indian Asians from the United Kingdom compared with European whites. Circulation
104, 145-150. https://doi.org/10.1161/01.cir.104.2.145

Chirco, K.R., Whitmore, S.S., Wang, K., Potempa, L.A., Halder, J.A., Stone, E.M., Tucker, B.A., Mullins,
R.F., 2016. Monomeric C-reactive protein and inflammation in age-related macular
degeneration. J. Pathol. 240, 173-183. https://doi.org/10.1002/path.4766

Colloca, G., Di Capua, B., Bellieni, A., Fusco, D., Ciciarello, F., Tagliaferri, L., Valentini, V., Balducci, L.,
2020. Biological and Functional Biomarkers of Aging: Definition, Characteristics, and How
They Can Impact Everyday Cancer Treatment. Curr. Oncol. Rep. 22, 115.
https://doi.org/10.1007/s11912-020-00977-w

Coman, M.M., Verdenelli, M.C., Cecchini, C,, Silvi, S., Vasile, A., Bahrim, G.E., Orpianesi, C., Cresci, A.,
2013. Effect of buckwheat flour and oat bran on growth and cell viability of the probiotic
strains Lactobacillus rhamnosus IMC 501°®, Lactobacillus paracasei IMC 502® and their
combination SYNBIO®, in synbiotic fermented milk. Int. J. Food Microbiol. 167, 261-268.
https://doi.org/10.1016/j.ijffoodmicro.2013.09.015

Coppé, J.-P., Desprez, P.-Y., Krtolica, A., Campisi, J., 2010. The senescence-associated secretory
phenotype: the dark side of tumor suppression. Annu. Rev. Pathol. 5, 99-118.
https://doi.org/10.1146/annurev-pathol-121808-102144

De la Fuente, M., Miquel, J., 2009. An update of the oxidation-inflammation theory of aging: the
involvement of the immune system in oxi-inflamm-aging. Curr. Pharm. Des. 15, 3003—3026.
https://doi.org/10.2174/138161209789058110

EUROSTAT, 2019. Ageing Europe, Looking at the lives of older people in the UE 2019 edition

EUROSTAT, 2020. Ageing Europe, Looking at the lives of older people in the UE 2020 edition

Ferrucci, L., Fabbri, E., 2018. Inflammageing: chronic inflammation in ageing, cardiovascular disease,
and frailty. Nat. Rev. Cardiol. 15, 505-522. https://doi.org/10.1038/s41569-018-0064-2

40



Finucane, T.E., 2018. Geriatric Syndromes, Dementia Subtypes, Gizmo ldolatry. J. Am. Geriatr. Soc.
66, 825—826. https://doi.org/10.1111/jgs.15178

Franceschi, C., 1989. Cell proliferation, cell death and aging. Aging Milan Italy 1, 3-15.
https://doi.org/10.1007/BF03323871

Franceschi, C., Campisi, J., 2014. Chronic Inflammation (Inflammaging) and Its Potential Contribution
to Age-Associated Diseases. J. Gerontol. A. Biol. Sci. Med. Sci. 69, S$4-S9.
https://doi.org/10.1093/gerona/glu057

Franceschi, C., Valensin, S., Bonafe, M., Paolisso, G., Yashin, A.l., Monti, D., De Benedictis, G., 2000.
The network and the remodeling theories of aging: historical background and new
perspectives. Exp. Gerontol. 35, 879-896. https://doi.org/10.1016/50531-5565(00)00172-8

Fried, L.P., Tangen, C.M., Walston, J., Newman, A.B., Hirsch, C., Gottdiener, J., Seeman, T., Tracy, R,,
Kop, W.J., Burke, G., McBurnie, M.A., 2001. Frailty in Older Adults: Evidence for a Phenotype.
J. Gerontol. A. Biol. Sci. Med. Sci. 56, M146-M157.
https://doi.org/10.1093/gerona/56.3.M146

Gal, R., Deres, L., Toth, K., Halmosi, R., Habon, T., 2021. The Effect of Resveratrol on the
Cardiovascular System from Molecular Mechanisms to Clinical Results. Int. J. Mol. Sci. 22,
10152. https://doi.org/10.3390/ijms221810152

Gallenga, C.E., Parmeggiani, F., Costagliola, C., Sebastiani, A., Gallenga, P.E., 2014. Inflammaging:
should this term be suitable for age related macular degeneration too? Inflamm. Res. Off. J.
Eur. Histamine Res. Soc. Al 63, 105—107. https://doi.org/10.1007/s00011-013-0684-2

Gibson, G.R., Hutkins, R., Sanders, M.E., Prescott, S.L., Reimer, R.A., Salminen, S.J., Scott, K., Stanton,
C., Swanson, K.S., Cani, P.D., Verbeke, K., Reid, G., 2017. Expert consensus document: The
International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus statement
on the definition and scope of prebiotics. Nat. Rev. Gastroenterol. Hepatol. 14, 491-502.
https://doi.org/10.1038/nrgastro.2017.75

Granato, D., Branco, G.F., Cruz, A.G., Faria, J. de A.F., Shah, N.P., 2010. Probiotic Dairy Products as
Functional Foods. Compr. Rev. Food Sci. Food Saf. 9, 455-470.
https://doi.org/10.1111/j.1541-4337.2010.00120.x

Hage, F.G., 2014. C-reactive protein and hypertension. J. Hum. Hypertens. 28, 410-415.
https://doi.org/10.1038/jhh.2013.111

Honari, M., Shafabakhsh, R., Reiter, R.J., Mirzaei, H., Asemi, Z., 2019. Resveratrol is a promising agent
for colorectal cancer prevention and treatment: focus on molecular mechanisms. Cancer Cell
Int. 19, 180. https://doi.org/10.1186/s12935-019-0906-y

Inouye, S.K., Studenski, S., Tinetti, M.E., Kuchel, G.A., 2007. Geriatric Syndromes: Clinical, Research,
and Policy Implications of a Core Geriatric Concept: (See Editorial Comments by Dr. William
Hazzard on pp 794-796). J. Am. Geriatr. Soc. 55, 780-791. https://doi.org/10.1111/j.1532-
5415.2007.01156.x

lob, E., Kirschbaum, C., Steptoe, A., 2020. Persistent depressive symptoms, HPA-axis hyperactivity,
and inflammation: the role of cognitive-affective and somatic symptoms. Mol. Psychiatry 25,
1130-1140. https://doi.org/10.1038/s41380-019-0501-6

Istat, 2017. The demographic future of the Country Regional population projections to 2065

lJin, X., Beguerie, J.R., Zhang, W., Blizzard, L., Otahal, P., Jones, G., Ding, C., 2015. Circulating C reactive
protein in osteoarthritis: a systematic review and meta-analysis. Ann. Rheum. Dis. 74, 703—
710. https://doi.org/10.1136/annrheumdis-2013-204494

Kane, R.L., Shamliyan, T., Talley, K., Pacala, J., 2012. The Association Between Geriatric Syndromes
and Survival. J. Am. Geriatr. Soc. 60, 896-904. https://doi.org/10.1111/j.1532-
5415.2012.03942.x

Kane, R.L., Talley, K.M., Shamliyan, T., Pacala, J.T., 2011. Common Syndromes in Older Adults Related
to Primary and Secondary Prevention, U.S. Preventive Services Task Force Evidence
Syntheses, formerly Systematic Evidence Reviews. Agency for Healthcare Research and
Quality (US), Rockville (MD).

41



Kennedy, B.K., Berger, S.L., Brunet, A., Campisi, J., Cuervo, A.M., Epel, E.S., Franceschi, C., Lithgow,
G.J., Morimoto, R.l., Pessin, J.E., Rando, T.A., Richardson, A., Schadt, E.E., Wyss-Coray, T.,
Sierra, F., 2014. Geroscience: linking aging to chronic disease. Cell 159, 709-713.
https://doi.org/10.1016/j.cell.2014.10.039

Khan, A., Carmona, R., Traube, M., 2014. Dysphagia in the elderly. Clin. Geriatr. Med. 30, 43-53.
https://doi.org/10.1016/j.cger.2013.10.009

Kirkwood, K.L., 2018. Inflammaging. Immunol. Invest. 47, 770-773.
https://doi.org/10.1080/08820139.2018.1552392

Krondl, M., Coleman, P., Lau, D., 2008. Helping older adults meet nutritional challenges. J. Nutr. Elder.
27, 205-220. https://doi.org/10.1080/01639360802261755

Kumar, M., Sarin, S., 2009. Biomarkers of diseases in medicine [WWW Document]. URL
https://www.semanticscholar.org/paper/Biomarkers-of-diseases-in-medicine-Kumar-
Sarin/b182330bfe7d301def013b03ef69f4a89e7bebb4 (accessed 7.1.22).

Linares, D.M., Gémez, C., Renes, E., Fresno, J.M., Tornadijo, M.E., Ross, R.P., Stanton, C., 2017. Lactic
Acid Bacteria and Bifidobacteria with Potential to Design Natural Biofunctional Health-
Promoting Dairy Foods. Front. Microbiol. 8, 846. https://doi.org/10.3389/fmicb.2017.00846

Louis, P., Flint, H.J., 2009. Diversity, metabolism and microbial ecology of butyrate-producing bacteria
from the human large intestine. FEMS  Microbiol. Lett. 294, 1-8.
https://doi.org/10.1111/j.1574-6968.2009.01514.x

Martin, P., Kelly, N., Kahana, B., Kahana, E., Willcox, B.J., Willcox, D.C., Poon, L.W., 2015. Defining
successful aging: a tangible or elusive concept? The Gerontologist 55, 14-25.
https://doi.org/10.1093/geront/gnu044

Martinez-Martinez, M.l., Calabuig-Tols3, R., Cauli, O., 2017. The effect of probiotics as a treatment
for constipation in elderly people: A systematic review. Arch. Gerontol. Geriatr. 71, 142—-149.
https://doi.org/10.1016/j.archger.2017.04.004

Martirosyan, D.M., Singh, J., 2015. A new definition of functional food by FFC: what makes a new
definition unique? Funct. Foods Health Dis. 5, 209-223.
https://doi.org/10.31989/ffhd.v5i6.183

Masala, G., Ceroti, M., Pala, V., Krogh, V., Vineis, P., Sacerdote, C., Saieva, C., Salvini, S., Sieri, S.,
Berrino, F., Panico, S., Mattiello, A., Tumino, R., Giurdanella, M.C., Bamia, C., Trichopoulou,
A., Riboli, E., Palli, D., 2007. A dietary pattern rich in olive oil and raw vegetables is associated
with lower mortality in Italian elderly subjects. Br. J. Nutr. 98, 406-415.
https://doi.org/10.1017/S0007114507704981

Mayeux, R., 2004. Biomarkers: Potential Uses and Limitations. NeuroRx 1, 182—-188

Ministero della salute, 2012. La salute dell’anziano: vademecum per la promozione e il
mantenimento del benessere

Molins, B., Pefia, E., de laTorre, R., Badimon, L., 2011. Monomeric C-reactive protein is prothrombotic
and dissociates from circulating pentameric C-reactive protein on adhered activated
platelets under flow. Cardiovasc. Res. 92, 328-337. https://doi.org/10.1093/cvr/cvr226

Molins, B., Pefa, E., Vilahur, G., Mendieta, C., Slevin, M., Badimon, L., 2008. C-reactive protein
isoforms differ in their effects on thrombus growth. Arterioscler. Thromb. Vasc. Biol. 28,
2239-2246. https://doi.org/10.1161/ATVBAHA.108.174359

Morley, J.E., Vellas, B., van Kan, G.A., Anker, S.D., Bauer, J.M., Bernabei, R., Cesari, M., Chumlea, W.C.,
Doehner, W., Evans, J., Fried, L.P., Guralnik, J.M., Katz, P.R., Malmstrom, T.K., McCarter, R.J.,
Gutierrez Robledo, L.M., Rockwood, K., von Haehling, S., Vandewoude, M.F., Walston, J.,
2013. Frailty consensus: a call to action. J. Am. Med. Dir. Assoc. 14, 392-397.
https://doi.org/10.1016/j.jamda.2013.03.022

Nagpal, R., Mainali, R., Ahmadi, S., Wang, S., Singh, R., Kavanagh, K., Kitzman, D.W., Kushugulova, A.,
Marotta, F., Yadav, H., 2018. Gut microbiome and aging: Physiological and mechanistic
insights. Nutr. Healthy Aging 4, 267—-285. https://doi.org/10.3233/NHA-170030

42



Ohama, H., lkeda, H., Moriyama, H., 2006. Health foods and foods with health claims in Japan.
Toxicology 221, 95-111. https://doi.org/10.1016/j.tox.2006.01.015

Ouwehand, A.C., Donglian, C., Weijian, X., Stewart, M., Ni, J., Stewart, T., Miller, L.E., 2014. Probiotics
reduce symptoms of antibiotic use in a hospital setting: a randomized dose response study.
Vaccine 32, 458-463. https://doi.org/10.1016/j.vaccine.2013.11.053

Pepys, M.B., Hirschfield, G.M., 2003. C-reactive protein: a critical update. J. Clin. Invest. 111, 1805—
1812. https://doi.org/10.1172/)CI18921

Power, S.E., O'Toole, P.W., Stanton, C., Ross, R.P., Fitzgerald, G.F., 2014. Intestinal microbiota, diet
and health. Br. J. Nutr. 111, 387—-402. https://doi.org/10.1017/S0007114513002560

Rivera-Espinoza, Y., Gallardo-Navarro, Y., 2010. Non-dairy probiotic products. Food Microbiol. 27, 1-
11. https://doi.org/10.1016/j.fm.2008.06.008

Salazar, N., Lopez, P., Valdés, L., Margolles, A., Suarez, A., Patterson, A.M., Cuervo, A., Reyes-Gavildn,
C.G. de los, Ruas-Madiedo, P., Gonzalez, S., Gueimonde, M., 2013. Microbial Targets for the
Development of Functional Foods Accordingly with Nutritional and Immune Parameters
Altered in the Elderly. J. Am. Coll. Nutr. 32, 399-406.
https://doi.org/10.1080/07315724.2013.827047

Salazar, N., Valdés-Varela, L., Gonzdlez, S., Gueimonde, M., de los Reyes-Gavilan, C.G., 2017. Nutrition
and the gut microbiome in the elderly. Gut Microbes 8, 82-97.
https://doi.org/10.1080/19490976.2016.1256525

Salminen, A., Huuskonen, J., Ojala, J., Kauppinen, A., Kaarniranta, K., Suuronen, T., 2008. Activation
of innate immunity system during aging: NF-kB signaling is the molecular culprit of inflamm-
aging. Ageing Res. Rev. 7, 83-105. https://doi.org/10.1016/j.arr.2007.09.002

Shlisky, J., Bloom, D.E., Beaudreault, A.R., Tucker, K.L., Keller, H.H., Freund-Levi, Y., Fielding, R.A.,
Cheng, F.W., Jensen, G.L., Wu, D., Meydani, S.N., 2017. Nutritional Considerations for Healthy
Aging and Reduction in Age-Related Chronic Disease. Adv. Nutr. Int. Rev. J. 8, 17.2-26.
https://doi.org/10.3945/an.116.013474

Silvi, S., Verdenelli, M.C., Cecchini, C., Coman, M.M., Bernabei, M.S., Rosati, J., De Leone, R.,
Orpianesi, C., Cresci, A., 2014. Probiotic-enriched foods and dietary supplement containing
SYNBIO positively affects bowel habits in healthy adults: an assessment using standard
statistical analysis and Support Vector Machines. Int. J. Food Sci. Nutr. 65, 994-1002.
https://doi.org/10.3109/09637486.2014.940284

Sofi, F., Macchi, C., Abbate, R., Gensini, G.F., Casini, A., 2014. Mediterranean diet and health status:
an updated meta-analysis and a proposal for a literature-based adherence score. Public
Health Nutr. 17, 2769-2782. https://doi.org/10.1017/51368980013003169

Sofi, F., Macchi, C., Abbate, R., Gensini, G.F., Casini, A., 2013. Mediterranean diet and health.
BioFactors Oxf. Engl. 39, 335—-342. https://doi.org/10.1002/biof.1096

Statista Research Department, 2021. Aging population of Italy — Statistics & Facts

Tchkonia, T., Morbeck, D.E., Von Zglinicki, T., Van Deursen, J., Lustgarten, J., Scrable, H., Khosla, S.,
Jensen, M.D., Kirkland, J.L., 2010. Fat tissue, aging, and cellular senescence. Aging Cell 9, 667—
684. https://doi.org/10.1111/j.1474-9726.2010.00608.x

United Nations, 2019a. World Population Ageing

United Nations, 2019b. World Population Prospects 2019: Ten Key Findings, department of Economic
and Social Affairs, Population Division

Van Lancker, A., Verhaeghe, S., Van Hecke, A., Vanderwee, K., Goossens, J., Beeckman, D., 2012. The
association between malnutrition and oral health status in elderly in long-term care facilities:
A systematic review. Int. J. Nurs. Stud. 49, 1568-1581.
https://doi.org/10.1016/].ijnurstu.2012.04.001

Verdenelli, M.C., Ghelfi, F., Silvi, S., Orpianesi, C., Cecchini, C., Cresci, A., 2009. Probiotic properties
of Lactobacillus rhamnosus and Lactobacillus paracasei isolated from human faeces. Eur. J.
Nutr. 48, 355—363. https://doi.org/10.1007/s00394-009-0021-2

43



Walker, J.M., Eckardt, P., Aleman, J.O., da Rosa, J.C., Liang, Y., lizumi, T., Etheve, S., Blaser, M.J,,
L.Breslow, J., Holt, P.R., 2018. The effects of trans-resveratrol on insulin resistance,
inflammation, and microbiota in men with the metabolic syndrome: A pilot randomized,
placebo-controlled clinical trial. J. Clin. Transl. Res. 4, 122—-135.

WHO, 2010. Definition of an older or elderly person. Geneva, Switzerland

WHO, 2012. Strategy and action plan for healthy ageing in Europe, 2012-2020, Regional Committee
for Europe, Sixty-second session, Malta

WHO, 2021. Ageing and health.

44



CHAPTERI I

PROBIOSENIOR PROJECT: A PROBIOTIC FUNCTIONAL
FOODS-BASED DIET TO IMPROVE HEALTHY AGEING

2.1 ABSTRACT

In Italy senior population is growing, as well as in many western countries. The
population of older people (65 years or more) in the EU-27 will increase significantly,
rising from 90.5 million at the beginning of 2019 to reach 129.8 million by 2050. During
this period, the number of people in the EU-27 aged 75-84 years is projected to expand
by 56.1%, while the number aged 65-74 years is projected to increase by 16.6%
(EUROSTAT, 2019). This demographic change will most likely lead to an increase of elderly
people with age-related diseases. The challenge of modern societies is to study and
develop new strategies and public actions to decrease morbidity, slowing down the
ageing process and increasing the number of healthy seniors. To improve health status
and general well-being, nutrition and functional foods play a key role. PROBIOSENIOR is a
research project that aims to evaluate the effects of a probiotic functional food-based
diet on the reduction of low-grade inflammation in elderly subjects, promoting healthy
ageing. PROBIOSENIOR is a randomised, double-blind, placebo-controlled human trial
that recruited elderly healthy volunteers for the administration of specific functional
foods containing the probiotic mixture SYNBIO® for 3 or 6 months. Lifestyle and eating
habits information, psychological well-being and nutritional status data were collected
through the administration of specific questionnaires, while biological parameters were
analysed by collecting faecal, urine and blood samples. Questionnaires and biological
samples were administered and/or collected at baseline and after the dietary
intervention, to monitor all changes occurred. The biological parameters evaluated,
related to inflammation status and well-being, were high sensitivity C-reactive protein
(hsCRP), cytokines and other inflammatory biomarkers, haematological parameters,
composition and diversity of gut microbiota, Short-Chain Fatty Acids (SCFAs), and biogenic

amines.
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2.2 INTRODUCTION

The number of older people in Europe is expected to increase from 17% in 2010 to
approximately 30% in 2060; this trend reflects the future of Italy very much, which is in
fact becoming an “old country” (EUROSTAT, 2019). If this change has a positive aspect
that is the extension of life expectancy, on the other hand, having an old population
means the increase of chronic degenerative diseases, morbidity, disability, and health
care needs. For this reason, understand which the ageing mechanisms and study new
strategies are public health priorities. Strong evidence indicate that older organisms tend
to develop a pro-inflammatory status that is characterized by high levels of pro-
inflammatory markers in cells and tissues. Some relevant biological markers are C-reactive
protein (CRP), interleukin-6 and interleukin-1 that are considered predictors of physical
and cognitive performance among elders. CRP levels increase physiologically with ageing,
and it plays a key role in inflammatory and disease processes and host responses to
infection (Velissaris et al., 2017). This low-grade inflammation status, called
inflammageing, is a risk factor for age-associated chronic diseases, cardiovascular disease
(CvD), and other negative health outcomes (Ferrucci and Fabbri, 2018). Potential
mechanisms of inflammageing include genetic susceptibility, central obesity, increased
gut permeability, changes of microbiota composition, cellular senescence, oxidative
stress, immune cell dysregulation, and chronic infections (Ferrucci and Fabbri, 2018).
Inflammageing, through changes in lifestyle and age-related modifications in intestinal
physiology, profoundly also affects the homeostasis of intestinal microbiota (Zapata and
Quagliarello, 2015). The composition and abundance of gut microbiota change
continuously until adulthood, and it reflects lifestyle, geographic, racial, and individual
differences. Although most of these changes appear to be harmless, a major shift in the
gut microbiota composition (dysbiosis) can trigger harmful local and systemic
inflammation (Ragonnaud and Biragyn, 2021). Recent reports indicate that dysbiosis is
increased in ageing, and elderly gut microbiota is enriched in pro-inflammatory
commensals at the expense of beneficial microbes. Dysbiosis seems to be one of the
primary causes of ageing-associated morbidities; certainly, it triggers a chain of
pathological and inflammatory events. Some examples are the alteration of levels of

microbiota-affected metabolites, impaired function and integrity of the gastrointestinal
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tract, and increased gut leakiness (Ragonnaud and Biragyn, 2021). The change of some
key members of intestinal microbiota is also associated with the depletion of specific
Short Chain Fatty Acids (SCFAs) in the Gl tract. Since one of the functions of SCFAs is the
regulation of the immune function and the maintenance of the functionality of Gl
epithelial barrier, their reduction can involve nutritional and immunological effects,
contributing to the health impairment of older people (Makivuokko et al., 2010).

Among all variable factors, lifestyle and diet are shown to be essential in the control
of human healthy ageing, and thus, longevity. Basing on this evidence, during
PROBIOSENIOR project we aimed to understand and exploit the impact of diet and
nutritional strategies on general and intestinal well-being of elderly. The project used
innovative functional foods and nutraceuticals containing probiotics to improve
parameters related with ageing mechanisms, such as immune status, intestinal
microbiota, SCFA, and haematological profile. Considering the increasing percentage of
people affected by functional disorders and other difficulties, PROBIOSENIOR’s strategy
represents an easily applicable action that will respond to the new challenges of modern

societies, with a positive impact on the social-health system.

2.3 MATERIALS AND METHODS

23.1 Study design
PROBIOSENIOR was an in vivo, randomised, double-blind, placebo-controlled study,
in which healthy elderly subjects (65-85 years) from boarding homes or private houses in
Marche region (Italy)were recruited for the administration of probiotic-enriched foods or
dietary supplements to assess the effect on the health status. This project was based on
a primary hypothesis that a functional food-based diet decreases the low-grade
inflammation and on a secondary hypothesis based on the balance of the intestinal
microbiota, strengthening of the immune system, increased intestinal well-being and
improvement of the general quality of life. The experimental phase developed 3 phases:
I. Subjects recruitment and enrolment.
II. Dietary intervention.

I1l. Wash-out.
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All subjects recruited according to the inclusion criteria explained in the following
paragraphs, were randomly divided into two parallel groups: the probiotic-supplemented
group (foods or alternative capsule) and the placebo group. The study was conducted in
accordance with the Helsinki Declaration of 1975, as revised in 1983, and national laws
and regulations. The study protocol was approved by the Ethics Committee (CERM,

Marche, Italy) and the participants gave written informed consent for the enrolment.

2.3.2 Intervention structures

The experimental intervention was developed in three different areas of Marche
Region (Italy), where subjects living in boarding homes or in their private houses were
recruited.

The boarding homes involved in this project belong to different Aree Territoriali
Sociali (ATS) of the region:

1.ATS 16 - “P. Burocchi”, Penna San Giovanni; “L'Ilmmacolata”, Sant’Angelo in
Pontano; “Ex Opera Pia Bonfranceschi”, Loro Piceno (MC);

2.ATS 17 - “ASP Lazzarelli”, San Severino Marche; “A. Chierichetti”, Gagliole (MC).

3.0ther volunteers have been recruited in private houses in Camerino (MC) and in

nursing homes/long-term hospitalization facilities “Villa Igea” in Ancona.

23.3 Preliminary activities

One of the preliminary activities is the project presentation to the structures.
Meetings with the responsible of boarding homes and the staff involved, such as workers,
residents of the boarding home and their relatives or caregivers have been fundamental
to explain all the aspects of the study project: protocol, project phases, expected
objectives and any questions, doubts and curiosities. Together with the nursing staff,
potential subjects have been selected for each structure, basing on the inclusion and
exclusion criteria specified in the clinical protocol of the project. To ensure a better
knowledge of the project, a brochure summarising the various phases and goals of the

treatment was distributed among the participants (Figure 1 and Annex 1).
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Figure 1. PROBIOSENIOR project brochure distributed to boarding home guests.

234 Enrolment of volunteers and randomization

The recruitment and enrolment of subjects were carried out by the doctor in charge
of the study. Eligible participants were all healthy adults aged 65-85 years, that meet the
inclusion and exclusion criteria of the clinical protocol. Inclusion and exclusion criteria
were meant to ensure patient safety during the study, provide data of subject
appropriateness, to minimize withdrawal and ensure that primary endpoints of the study
were reached. The inclusion criteria usually describe the main characteristics of the target

population and the actual sub-group of subjects. The inclusion criteria of this study were:

e healthy persons (chronic diseases, controlled with proper medications were
accepted);
® age;
e acceptance of study protocol.
The exclusion criteria aim to prevent the enrolment of subjects that could
interfere/disturb/confuse the quality of the data/study. The exclusion criteria were:
e the use of probiotics continuously, in the previous two months;
e use of antibiotics in the previous month;
e chemotherapy treatments;
e severe respiratory, hepatic and/or renal insufficiency;

e use of anti-inflammatories in the previous four months;

49



e malnutrition: BMI <18.5 kg / m2 or weight loss> 10% in the last 6 months.
There were also criteria for leaving the study:

e non-continuation of administration;

severe illness;

e continued use of antibiotics and/or laxatives or other probiotics;

e inappropriate enrolment;

e adverse event;

e personal motivations: a patient may withdraw from the study at any time and for

any reason.

2.3.5 Foods preparation for dietary intervention

The functional foods proposed by the involved food companies, and then
supplemented to the volunteers, were six: “ricotta” and “primo sale” cheese (produced
by Caseificio Val d’Apsa, Urbino), yogurt, “mozzarella” cheese and fruit juice (produced
by Synbiofood srl, Civitanova Marche), and chocolate bar (produced by local chocolate
maker).

All the food products were enriched with the SYNBIO® mixture, supplied by Synbiotec
Srl (Camerino, Italy). SYNBIO® is a 1:1 combination of two probiotic bacterial strains,
Lactiplantibacillus rhamnosus IMC 501°and Lactiplantibacillus paracasei IMC 502°, at the
concentration of 10° live cells per gram (Verdenelli et al., 2009, 2011; Silvi et al., 2014).
The addition of SYNBIO® was done during the food usual production process, directly on
production site following the specific technology and procedures to enrich each single
kind of food (Verdenelli et al., 2009). The functional foods were also subjected to
microbiological analysis (shelf-life and vitality of probiotics tests) and organoleptic
properties analysis. As alternative to foods, the dietary supplement consisted of capsules
containing the same SYNBIO® mixture at a concentration of 15 billion live cells per gram,
always provided by Synbiotec Srl (Silvi et al., 2014). Probiotic functional foods and their
placebo version, as well as for dietary supplements, were packaged identically in

appearance.
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2.3.6 Dietary intervention

The dietary intervention was based on the administration of probiotic functional
foods for a 12-weeks or 24-weeks intervention period. Volunteers are called to consume
one functional food or capsule a day, in order to assume the appropriate amount of
probiotic bacterial cells (Silvi et al., 2014). In agreement with the staff of the structures,
the most suitable probiotic functional foods were selected for the dietary intervention.
The choice of all/or some of those proposed foods obviously took into account the dietary
habits and taste of the subjects, but also specific personal needs (diabetes, dysphagia and
other difficulties). The foods were provided periodically directly to the structures (for all
months of intervention), respecting the shelf-life of each product and the indication of
consumption. For the blind supplementation, each probiotic functional food/placebo

were labelled only with the name and the identification code of the participants.

2.3.7 Collection and analysis of samples

According to the project protocol, after the enrolment of subjects, questionnaires
were administered and biological samples collected.

Personal data collection and information regarding the health status were collected
from the volunteer and/or with the help of the nursing staff, through interviewers, face-
to-face, using questionnaires uploaded to a dedicated platform, developed for the
project. The help of a nursing staff/health assistant, depending on the patient’s health
status (e.g., individuals with cognitive impairments not able to answer some questions)
was accepted.

Like questionnaires, all biological samples were collected at baseline, to understand
the health status of subjects, and after 6-months of dietary supplementation, to assess all
changes occurred after the intervention. Blood samples were collected and immediately
delivered to the analytic laboratory for the analysis, while faecal samples and urines were
collected into plastic containers and frozen at -20°C until the analysis.

2.3.8 Statistical analysis

All parameters were measured in duplicate, and data are expressed as mean %
standard deviation. The statistical significance of the differences obtained between
different sampling timepoints was evaluated using the Student’s t test and ANOVA test.

Statistical significance was considered when the probability value P < 0.05.
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2.4 RESULTS

24.1 Enrolment of volunteers and randomization

Volunteers were recruited in boarding homes and private houses belonging to the

different Aree Territoriali Sociali (ATS) described in the previous paragraph. Two hundred

and thirty (230) participants were assessed for eligibility (Figure 2), and a total number of

206 participants met the including criteria. For the allocation of the subjects into the two

different supplemented groups (probiotic and placebo), a computer-generated list of

random numbers was used.

Subjectsinvited

{n=256)

"

Assessed for eligibility
Excluded (n=24
(n=230) ( )
Main reasons:
L 4 Not meet inclusion
Randomized criteria
(n=206)

v

L 4

Allocation ] l

Probiotic supplementation”

(n=103)

Placebo

(n=103)

l

o

Analysis ] l

Included [n=59)
Incomplete analysis data (n= 33)
Hospitalization (n =2)

Missing supplementuse (n=19)

4
Included (n=38)
Incomplete analysis data (n=352)

Death(n=2)

Missing supplementuse (n=11)

Figure 2. Flowchart of participants.
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24.2 Dietary intervention

Dietary intervention started approximately one week after the collection of the first
biological samples. Among the six different types of proposed functional foods, chocolate
bar (sugar free - dark chocolate), yogurt and fruit juice (orange and pomegranate juice)
were the most appreciated foods selected for the seniors of the boarding homes (Figure
3).

For people living in their private house, Fidoka Srl (San Ginesio, Itay), in collaboration
with the ICT team Unicam (University of Camerino, Camerino, ltaly), designed and
developed an innovative system, called Smart Box. It is a box to store and weekly deliver
foods/supplements to the enrolled free-living subjects, with the purpose to also monitor
the compliance in eating the functional foods every day. This system in fact was

connected to a specific software which records the corresponding data (Figure 4).

Figure 3. Probiotic functional foods: chocolate bar, yogurt and fruit juice; Probiotic dietary supplement:
capsule.

Figure 4. The Smart Box, designed by Fidoka Srl (San Ginesio, Italy).
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24.3 Collection and analysis of samples

The questionnaires of the present study were compiled with the purpose to know and
record the daily habits and the general well-being of subjects under study, while biological
samples were collected to assess their health conditions at baseline and after the dietary
intervention.

The primary expected outcome of the study was a decrease in plasma concentration

of high sensitivity C-reactive protein (hsCRP).

Secondary outcome measures included:

e Evaluation of the immunological state, through determination of the modulation
of the expression of cytokines and inflammatory biomarkers in the serum.

e Evaluation of haematological parameters, such as glucose, albumin, haemoglobin,
haematocrit, total cholesterol, low- and high-density lipoproteins, and
triglycerides.

e Changes in the composition of the gut microbiota, evaluated by quantification
with Real-Time PCR of selected bacterial groups present at the faecal level;
microbial diversity studied by 16S metagenomic analysis.

e Metabolomic analysis by determination of the concentration of Short-Chain Fatty
Acids (SCFA) in faecal water samples using gas chromatography techniques.

e Determination and quantification of eleven biogenic amines (histamine,
serotonin, dopamine, epinephrine, putrescine, cadaverine, spermine, spermidine,
tyramine, tryptamine, phenylethylamine) in human wurine through high
performance liquid chromatography (HPLC) coupled with a Fluorescence method
(FLD).

e Changes in nutritional status, evaluated through Mini Nutritional Assessment
(MNA) questionnaire.

e Changes in the quality of life, evaluated through the questionnaire PGWSBI
(Psychological General Well-Being Index).

e Changes in the nutritional habits, evaluated through Lifestyle and eating habits
guestionnaire.

e Changes in intestinal function, evaluated in accordance with the Bristol Stool

Chart.
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e Evaluation of the physio-pathological status, using Pathological anamnesis and

Pharmacological therapy questionnaire.

2.5 DISCUSSION AND CONCLUSIONS

In Italy senior population is growing worldwide. The demographic change leads to
study and develop new strategies and public actions to decrease the incidence of age-
related diseases and morbidity, promoting the healthful ageing. To improve health status
and general well-being, nutrition and functional foods represent a crucial aspect. Current
advances in the gut microbiota field open new frontiers for functional foods,
nutraceuticals, and probiotics. Indeed, in recent years, interest in this area of study has
continued to increase, since the new technologies and applications offer the possibility to
improve the scientific knowledge on the dietary and health benefits of these
interventions. PROBIOSENIOR is a research project that aims to evaluate the effects of a
probiotic functional food-based diet on the reduction of low-grade inflammation in
elderly subjects. PROBIOSENIOR is a randomised, double-blind, placebo-controlled
human trial that involved 206 clinically healthy volunteers who met the including criteria
of the study. Selected functional foods containing the probiotic mixture SYNBIO® were
administered for 3 or 6 months. Questionnaires were proposed before and after the
dietary intervention; the same timepoints were used for monitoring the biological and
biochemical parameters. The first outcomes were hsCRP, as recognized marker of low-
grade inflammation, and modulation of GUT microbiota. In conclusion, we explored the
effects of probiotic functional foods on age-related inflammation and general well-being
of elderly, with the purpose to improve their daily consumption to ameliorate the quality

of life of older adults.
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CHAPTER Il

QUESTIONNAIRES AS EFFECTIVE MONITORING OF HEALTH
STATUS IN THE ELDERLY

3.1 ABSTRACT

Twenty-first century societies are in continuous development and are facing daily
challenges. Since the improved living conditions and life expectancy, elderly people are
increasing in number. Therefore, the evaluation and monitoring over time of the well-
being and health status of the population, especially of elderly, become of central
importance for the modern societies (Kalache and Keller, 2001).

Among the multidimensional tools to investigate a community, questionnaires are
useful instruments to describe the population in all its aspects. Our study examined the
physical and psychological health profile of an elderly community before and after a
dietary intervention, in which we used probiotic functional foods and their placebo
version. The purpose was to evaluate if the supplementation had some effects on the
elderly status. The questionnaires used to evaluate all the variables and aspects of the
community were: Lifestyle and eating habits questionnaire, Pathological anamnesis and
Pharmacological therapy questionnaire, Mini Nutritional Assessment (MNA), The
Psychological General Well-Being Index (PGWBI) and Bristol Stool Chart. The MNA
guestionnaire showed most people at risk of malnutrition at baseline; after the
experimental phase (T1), slight improvements in nutritional status were observed in both
groups. At the same time, an evident impairment was recorded in placebo-supplemented
subjects (61.5% vs 37.5% in probiotic group). The PGWBI questionnaire described a
population with moderate distress at baseline; at T1, a general improvement was
observed, but the amelioration was higher in probiotic group (80% of cases) than in
placebo one (50%). Finally, the lifestyle and eating habits, and the pathological anamnesis
and pharmacological therapy monitoring shows, as expected, no fundamental changes.
No valid and reliable results were collected through the Bristol Stool Chart, because of the
difficulties to harvest data. In conclusion, despite the limitations of the human trial and

the complexity of biological pathways, our results suggest the apparent benefits of
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probiotic supplementation on psychological well-being and nutritional status, improving
the quality of life in elderly. However, further investigation is necessary to confirm these

preliminary findings and define the responsible mechanisms.
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3.2 INTRODUCTION

Quality of life and well-being have recently been recognized as the central purpose of
health care. However, the concept of quality of life is wide and not always defined
uniformly. This concept is essentially subjective and it includes several items and variables
to take into account (Haraldstad et al., 2019). Therefore, it is much more difficult to
evaluate these aspects in elderly people life, because of a wide range of diseases and age-
related pathologies (Terada et al., 2002). The questionnaire could be one of the most valid
tools to assess some life aspects of elderly people, especially before a human trial
(Kostecka and Bojanowska, 2021). Basing on the topics and questions developed,
guestionnaires are multidimensional tools that can detect important aspects such as
lifestyle and eating habits, nutritional status, regularity and health of intestinal tract,
pathological anamnesis and relative pharmacological therapy, and the psychological
general well-being status. The administration of one or more questionnaires allows to
define a more accurate profile of the single elderly subject or of the entire community
under study. Therefore, our current aims were to describe the health profile, in all its
aspects, of the entire population under study at baseline. The same evaluation was
repeated after the dietary intervention, to compare the results and assess all changes

occurred.

3.3 MATERIALS AND METHODS

3.3.1 Questionnaires administration

Questionnaires have been compiled by a nurse in charge and directly uploaded to the
project platform (designed and supplied by Innovative Technology Srl., Camerino); if
necessary, subjects were helped by assistants. The purpose of compiling questionnaires
was to record and get to know the nutritional status of subjects, their eating habits and
lifestyle, their anamnestic and pharmacological data, psychological well-being and the
intestinal well-being and regularity. All data collected before and after dietary
intervention were used to investigate about a possible relationship between the well-

being of the subjects and the administration of functional foods.

59



3.3.2 Lifestyle and eating habits questionnaire

The lifestyle and eating habits questionnaire (Annex 2) was settled up by project
partner “Cooperativa Sociale Onlus” (COOSS) of the Marche Region, with the Ethic
Committee approval. This questionnaire was used to evaluate the subject’s habits in order
to choose the best nutritional supplementation strategies for them. This, in accordance
with the aim to integrate the functional foods within own diet, without changing
nutritional habits and respecting the tastes of the person. Moreover, investigate
nutritional habits could be useful to evaluate a possible correlation between nutritional
habits and sample’s parameters (e.g., composition of the gut microbiota), given the high
impact of the lifestyle and the diet on the health status of the subject.

The first group of questions was related to age, weight (Kg), height (m), waist
circumference (cm). Another group of questions was about lifestyle, such as the living
situation, physical activity, use of dietary supplements. The last and most numerous
guestions were about the eating habits: the type of followed diet, the presence of
allergies/intolerances, the quantity of daily meals and their composition (frequency in the
consumption of pasta, rice or pizza, bread and derivatives, dairy products, legumes, eggs,
meat, fish, processed meats, fruits and vegetables) and daily water or other drinks

consumption.

3.3.3 Pathological anamnesis and Pharmacological therapy questionnaire

The pathological anamnesis and the pharmacological therapy questionnaires (Annex
3) were designed up by the “COOPERATIVA SOCIALE MARCHE ONLUS” (COOQSS), with Ethic
Committee approval. This questionnaire allowed the collection of information about
pathological status of the subjects. In particular, it provided information on the presence
of lipid and glucose metabolism disorders, respiratory, skeletal, genitourinary,
gastrointestinal, and nervous system disorders, past surgical intervention, family history
of cardiovascular diseases, psychological disorders, past nutritional rehabilitation, degree
of self-sufficiency, current or past substances and alcohol abuse, and the use of drugs.
The purpose of the questionnaire was to confirm the eligibility of recruited subjects and
to assess, at the end of the study, whether the presence of diseases or the use of drugs

can behave as confounders in the analysis.
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3.3.4 Mini Nutritional Assessment (MNA)

The Mini Nutritional Assessment (MNA) (Annex 4) was designed by Nestlé company
to provide a single, rapid assessment of nutritional status of elderly subjects (65 years of
age and older). The MNA is a screening tool for identifying malnutrition or the risk of
malnutrition; it usually provides a quick and easy medical support to detect malnourished
subjects or those at risk of malnutrition in hospitals or communities (Bollwein and Volkert,
2013).

The MNA test was composed of simple measurements and brief questions:

e anthropometric measurements (weight, height, and weight loss);

e global assessment (six questions related to lifestyle, medication, and mobility);

e adietary questionnaire (eight questions, related to the number of meals, food and
fluid intake, and autonomy of feeding);

e subjective assessment (self-perception of health and nutrition).

The questions were organized in 18 items (A-R), where each letter corresponds to
each question, and they were rated with a score from 0 to 3; each item has been divided
into subgroups. The first group of questions A-F were the screening part, with a subtotal
maximum screening score of 14 points. A score of 12 or greater indicated the person was
well nourished and needed no further intervention. A score of 8-11 indicated the person
was at risk of malnutrition. A score of 7 or less indicated the person was malnourished.
For additional information on factors that may impact nutritional status, there were
guestions G-R called assessment, with a maximum of 16 points. At the end, the scores
from assessment and screening parts were added to calculate a total assessment
(maximum 30 points) that was the overall malnutrition index.

The MNA score distinguished between elderly subjects with adequate nutritional
status, MNA > 24; malnourished, MNA < 17; at risk for malnutrition, MNA between 17 and
23.5 (Bollwein and Volkert, 2013).

3.3.5 The Psychological General Well-Being Index (PGWBI)

The Psychological General Well-Being index (PGWBI) (Annex 5) was a validated
measure of Health-related Quality of Life (HRQol), widely used in clinical practice and
epidemiological research to provide a general subjective assessment of the intrapersonal

affective or emotional states, the psychological well-being and, thus, the health (Grossi et
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al., 2006). The questionnaire (Annex 5) consisted of 22 items and six domains: anxiety,
depression, general wellbeing, vitality, positivity and self-control. Each item had six
possible scores (from 0 to 5) and each domain had a minimum of 3 and a maximum of 5
items. The sum of the scores for all domains gave the well-being index, which reached a
theoretical maximum of 110 points, representing the best achievable level of well-being
(Grossi et al., 2006). This questionnaire was administered through an interview, only to
subjects able to answer (e.g., considering the presence of subjects with mental disorders).
Moreover, PGWBI was repeated at the end of the study with the aim to evaluate potential

changes in the quality of life.

3.3.6 Bristol Stool Chart

The Bristol Stool Chart is a 7-point scale used in clinical and research practice for stool
form measurement, created to classify the shape and texture of human faeces into
categories. Stool consistency is a central component in the description of normal or
altered bowel habit. This scale is useful for evaluating some pathologies (irritable bowel
syndrome), the gut transit time (GTT), IBS-D or chronic constipation, and in general the
intestinal functionality (Blake et al., 2016).

Figure 1 is a pictorial representation of each stool type, classified as:

Type 1: Separate hard lumps (hard to pass)

Type 2: Lumpy, sausage-shaped

Type 3: Sausage-shaped with cracks on the surface

Type 4: Sausage-shaped or snake-like; smooth and soft

Type 5: Soft blobs with clear-cut edges (easy to pass)

Type 6: Fluffy pieces with ragged edges; mushy

Type 7: Entirely liquid, watery, no solid pieces

Stools that were well-formed and easy to pass (Types 3 and 4) were considered
"ideal". Stools that were hard and difficult to pass (Types 1 and 2) indicated constipation.
Stools that contained excess liquid or were entirely liquid indicates diarrhoea (Types 5, 6,

and 7) (Blake et al., 2016).
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Bristol Stool Chart

e e Seperate hard lumps, like nuts
® e (hard to pass)

Sausage-shaped but lumpy

Like a sausage but with cracks on
it’s surface

Like a sausage or snake, Smooth
and soft

(1§

Soft blobs with clear-cut edges
(passed easily)

A

Fluffy pieces with ragged edges, a
mushy stool

Watery, no solid pieces.
Entirely Liquid

‘i

Figure 1. Bristol Stool Chart: stool shapes and precise descriptions regarding form and consistency.

3.4 RESULTS

34.1 Questionnaires outcomes at baseline

3.4.1.1 Lifestyle and eating habits

Thanks to the Lifestyle and eating habits questionnaire, we collected information not
only about the daily life habits of enrolled subjects, but also a general description of the
population under study.

Unfortunately, the data collected are not available for all the subjects recruited, due
to the difficulties during the compilation or due to particular situations. Below, then, will
be reported only the data extrapolated from the completed questionnaires.

Of people who filled the questionnaires, 72 out of 108 were female, while 36 males.
77 of 108 were subjects living in boarding homes and 31 in private houses. As reported in
the Table 1, people belong to different age ranges: 65-70, 70-75, 75-80, and over 80 years
old. The Body Mass Index (BMI) was also considered, only 63 volunteers were available.
BMI is a measure of nutritional status and body composition, that tend to change with
ageing. Consequently, the changes in body composition associated with ageing may result
in BMI increase of 1.5-2.5 kg/m? in both men and women, even when body weight
remains constant (Babiarczyk and Turbiarz, 2012). Of the studied population, free-living

subjects had a BMI score > 23. While 15% of female in boarding homes had a score
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between 19-21, 5% of female and 12% of male between 21-23 and 80% of female and

88% of male had a score >23 (Table 1).

Table 1. Population characteristics related to age, gender and BMI.

SUBJECTS IN BOARDING HOMES SUBJECTS LIVING IN PRIVATE HOUSES
FEMALE 66% MALE 34% FEMALE 68% MALE 32%
AGE RANGE % AGE RANGE % AGE RANGE % AGE RANGE %
65-70 13 65-70 28 65-70 24 65-70 22
70-75 10 70-75 8 70-75 12 70-75 44
75-80 23 75-80 32 75-80 12 75-80 22
>80 55 >80 32 >80 53 >80 11
BmI % BmI % BMI % BMI %
<19 0 <19 0 <19 0 <19
19-21 15 19-21 0 19-21 0 19-21
21-23 5 21-23 12 21-23 0 21-23
223 80 223 88 223 100 223 100

The second part of questionnaire concerned lifestyle topics, such as physical activity,
lunch/dinner out, consumption of vitamin or mineral supplements, dietary supplements
or food bars and medicines. From the results, explained in detail in the Table 2, 52% of
people practises physical activity, while 48% of them does not. Type of activity and
frequencies are different, but the main “sport” is walking. Most subjects have 3 meals a
day (87%), 51% of people uses to have lunch or dinner out, but with low frequency, 1 0 2
times per month. Hardly anyone (4%) reported to take vitamin or mineral supplements,
dietary supplements, or food bars (5%). All the subjects reported to take drugs, and the
82% takes more than 3 drugs a day. In addition, some of them reported difficulty to
remember hiring schedules. Subjects who don’t follow specific diets are 79%, while low-
glucose, low-sugar, and gluten free diets are followed by 20% of people. Finally, just 3%

of enrolled subjects is intolerant or allergic (Table 2).
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Table 2. Lifestyle questionnaire, the values are expressed in percentage basing on the replied questions.

PHYSICAL ACTIVITY (%) FREQUENCY (%) TYPE OF ACTIVITY (%)
YES 52 EVERY DAY 31 WALKING 46
NO 48 1-3 TIMES/WEEK 18 GYMNASTICS 3
RARELY 12 CYCLETTE
MEALS/DAY (%) LUNCH OR DINNER OUT (%)
4 meals 1 YES 51
3 meals 87 NO 47
2 meals 11 FREQUENCY (%)
1 meal 2 1-2 TIMES/MONTH 29
RARELY 32
VITAMIN OR DIETARY
MINERAL SUPPLEMENTS DRUGS MORE THAN 3 PARTICULAR INTOLERANCE
SUPPLEMENTS AND FOOD (%) DRUGS/DAY (%) DIET (%) OR ALLERGY (%)
(%) BARS (%)
YES 4 5 99 82 20 3
NO 21 81 1 20 79 97

Figure 2 shows the results from eating habits questionnaires. Most subjects had
pasta/rice/pizza (76.9%) and also bread/breadsticks/crackers (81.3%) every day of the
week, both for lunch and dinner. All subjects had milk, yogurt and fresh cheeses, for
breakfast, lunch or dinner. 28.6% of people consumes dairy products every day, especially
milk or yogurt, while the frequency of cheese consumption was 2 or 3 days per week by
58.2% of population under study. Legumes and eggs, and the based-meat products, were
consumed 2-3 times a week, for lunch or dinner by most subjects, respectively 71% and
79%. Meat or fish were consumed all days of the week by 25.3% of people, 4-6 days per
week by 18.7% and 2-3 days per week by 86.8%, both for lunch and dinner. All subjects
had cakes or candies, the majority (42.9%) with a frequency of 2-3 days a week, as a snack,
with a preference for packaged biscuits/snacks. All the results are reported in Figure 2.

About daily eating habits, fruits and vegetables are an important source of vitamins
and minerals, especially for elderly people. All people consumed these two categories
every day, with the frequency of 1 or 2 times (Figure 3). Figure 3 also shows the water
consumption expressed as glasses in a day. 50% of subjects had from 3 to 5 glasses of

water (alternatively tea), 47.7% took more than 5 glasses and just 2.3% of population took
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less than 3 glasses, daily (Figure 3). Other drinks consumed were fruit juices, and

thickened water, in case of dysphagia condition.

0-1 DAY/WEEK

2-3 DAYS/WEEK

4-6 DAYS/WEEK

WEEKLY CONSUMPTION FREQUENCY

EVERY DAY

EATING HABITS QUESTIONNAIRE

20

40 60 80

% OF SUBJECTS

100

O CAKES, CANDIES
MEAT, FISH
COLDAND PROCESSED MEATS
B LEGUMES, EGGS
B DAIRY PRODUCTS
W BREAD, CRACKERS

B PASTA,RICE, PIZZA

Figure 2. Eating habits questionnaire, results expressed as percentage

consumption frequency of foods categories.

of subjects related to the

EATING HABITS

100
80
g
o 0 m 2 TIMES/DAY
A = 1 TIME/DAY
& 40
<]
2 OTHER
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FRUITS VEGETABLES
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100
80
&
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& 40
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0
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Figure 3. Eating habits questionnaire, results expressed as percentage of subjects related to the daily
consumption frequency of fruit, vegetables, and water.
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3.4.1.2 Pathological anamnesis and Pharmacological therapy

The results of pathological anamnesis and Pharmacological therapy questionnaire are
shown in Table 3. The enrolled people who joined the questionnaire, answering all the
guestions were 86. Pathologies have been divided into eight clusters of diseases regarding
the same apparatus or system or on the basis of similar symptoms.

Thirty-one subjects had high plasma cholesterol levels and 18 out of 86 had high
plasma lipid levels; 20 people had glucose blood levels higher than 116 mg/ml and the
same number had diabetes or took insulin.

Considering the diseases of the cardiovascular system, 51 out of 86 subjects reported
arterial hypertension or to take antihypertensive drugs, 37 reported atherosclerotic
diseases and 12 suffered of cardiac insufficiency.

In relation to respiratory apparatus diseases, only 4 of the 86 subjects reported
apnoea during sleep (OSAS) or restrictive respiratory failure (COPD), and 7 subjects
referred wheezing during moderate exertion or snoring.

Arthrosis, already documented with radiography or other investigation, was reported
by 35 elderly volunteers as skeletal apparatus disorders. Some subjects referred to use a
walking aid, in particular 14 used the stick, 15 the walker aids, and 21 the wheelchair;
moreover only 33 out of total 86 people were completely self-sufficient.

For what concern the genitourinary system, 34 subjects had stress incontinence.

Seven declared to have fat liver, gallbladder stones, gastritis or reflux.

Twelve subjects had Parkinson’s disease among the nervous system pathologies and
3 out of total volunteers suffered of seizure.

Only 9 subjects had surgery experiences on different apparatus.

Behaviour disorders such as major depressive disorder, bipolar and schizophrenic
disorder, borderline and antisocial personality disorders, panic and obsessive-compulsive
disorders, were certified by a physician, psychotherapist and/or psychiatrist for a total of
28 subjects out of 86. Only 1 person reported a past abuse of wine or other alcoholic
beverages.

Only 4 and 3 subjects referred respectively stress eating and eating disorders (bulimia,

binge eating) (Table 3).
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All of the enrolled subjects used more than two drugs per day, the most common

were to treat lipid and glucose metabolic disorders, cardiovascular system diseases and

skeleton-muscular problems.

Table 3. Pathological anamnesis questionnaire, results are expressed as absolute frequency (sample size

n=86).
YES NO OTHER
ALTERATION OF High cholesterolemia or to take antidyslipidemic therapy 31 55
LIPID METABOLISM | High triglyceridemia or to take antidyslipidemic therapy 18 68
ALTERATION OF | High blood sugar (above 116 mg) 20 66
GLYCEMIC
COMPENSATION Diabetes and/or to take oral therapy or insulin 20 66
High blood pressure or to take antihypertensive therapy 51 35
DISEASES OF Atherosclerotic disease (ischemic heart disease, angina, heart 37 49
CARDIOVASCULAR | attack, stroke, etc.)
SYSTEM Cardiac insufficiency (breathlessness, sweating) during acts of 12 78
daily life or at rest.
Sleep apnoea (OSAS) or restrictive respiratory failure (COPD),
RESPIRATORY documented with spirometry/Cardiorespiratory monitoring 4 82
APPARATUS /polysomnography
Wheezing during moderate effort or snoring 7 79
Arthrosis (Hip, knees, spine) already documented with X-ray or 35 51
SKELETAL other investigation
APPARATUS . . . . A-14 B-15
To use walking aid: A- stick B-walker C-wheelchair D-no 1 D-36
GENITOURINARY | Polycystic ovary 0 36
APPARATUS Stress Incontinence (e.g. Urine Loss During Stress or Coughing) 34 52
GASTROENTERIC £ i lculi of the chol . . fl 7 79
APPARATUS atty liver, calculi of the cholecystic, gastritis, reflux
NEUROLOGICAL Parkinson 12 74
APPARATUS Epilepsy 3 83
SURGERY H had ? 9 59 19
EXPERIENCE ave you had surgery:

YES: Removal of gallbladder part
of intestine (2016), femur breast,

appendicectomy,

hip

surgery,

inguinal hernia, cervical hernia,
hysterectomy, hernia, knee

FAMILY HISTORY

Family history of premature cardiovascular disease (myocardial
infarction, stroke and/or sudden death before the age of 55 for
the father or 65 for the mother)

11

75

BEHAVIOUR

Major depressive disorder, bipolar disorder, schizophrenic
disorder, borderline and antisocial personality disorders, panic
and obsessive-compulsive disorder, certified by a doctor
psychotherapist and/or psychiatrist

28

58

Eating disorders (stress eating)

82

Eating disorders such as bulimia nervosa, compulsive nutrition,
night nutrition certified by a doctor psychotherapist and/or
psychiatrist

83
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OTHERS

glasses per day)?

Failed 3 or more outpatient weight loss programs? 1 85
Have you been admitted to the Nutritional Rehabilitation Unit in 3 82 1
the past?
18
Are you self-sufficient? 33 (7 personal 21
care needs)
Need oxygen therapy and/or respirator? 84
Current or past substance use 79 8
Abuse of wine or other alcoholic beverages (e.g., more than 3 1 85

3.4.1.3 Mini Nutritional Assessment (MNA)

The MNA questionnaire was used to evaluate the nutritional status of elderly

volunteers, by the sum of scores of each answer. The total MNA score distinguishes three

different categories: 24, out of 85 subjects who joined the questionnaire, resulted in an

adequate nutritional status, MNA > 24; 15 subjects resulted malnourished, MNA < 17; the

remaining 46 subjects resulted to be at risk for malnutrition, 17 < MNA < 23.5. The MNA

scores as mean values (+ standard deviation) obtained for each nutritional status is

reported in Table 4.

Table 4. Mini Nutritional Assessment results.

MINI NUTRITIONAL ASSESSMENT

TOTAL MNA SCORE MEANS.D. n. of subjects
MALNOURISHED <17 1442 15 (85)
AT RISK OF 17-23.5 21.1+1.6 46 (85)
MALNUTRITION
NORMAL >24 25.8+1.3 24 (85)
NUTRITONAL STATUS
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3.4.1.4 The Psychological General Well-Being Index (PGWBI)

The PGWBI questionnaire was compiled by 64 subjects. The PGWBI was calculated
following a default scheme proposed by Mario Negri Institute (Istituto di Ricerche
Farmacologiche "Mario Negri", Milano, Italy) and accessible online: for each subject, the
completed questionnaire was uploaded on the online default scheme, together with
gender and age information of the person.

For each uploaded questionnaire, the system elaborated a score related to six
domains and a total score. The domains are anxiety, depression, general wellbeing and
self-control, vitality and positively; each of them has a maximum row points number. Each
domain’s score was then converted into a 0-100 scale, used as reference score for the
elaboration of results. Figure 4 shows the mean scores obtained from all subjects for each
domain. Considering the results proposed by the used default system and calculated on
the base of a standard Italian elderly population, the values had been considered as
follows: PGWBI < 60: severe distress, 60-73: moderate distress, 74-97: no distress, > 97:
well-being. Table 5 represents the mean values of each domain but also the PGWB Index
of the total population.

Considering that the lowest PGWB Index obtained was 34.7 points and the highest
was 93.0, the population had a PGWBI Index, calculated as mean value, of 63.3,
corresponding to a moderate distress psychological state, in line with that one of an

elderly community.

Table 5. Scores (0-100 scale) obtained for each domain of singular subjects, and PGWB Index. The scores
are expressed as mean % SD.

GENERAL SELF- PGWB
ANXIETY DEPRESSION WELL-BEING VITALITY POSITIVITY CONTROL Index
71.9+15.3 74.2+16.6 60.8+18.8 59.1+19.1 52+18.4 62.1+18.8 63.3+14.3
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SCORE

AMNXIETY DEPRESSION GENERAL WELL- VITALITY POSITIVITY SELF-CONTROL
BEING

Figure 4. Scores obtained for each domain of PGWBI referred to the total population under study.

3.4.1.5 Bristol Stool Chart

The collection of a constant and accurate stool description from volunteers and
boarding home operators resulted challenging, and very often impossible. Although this
parameter was not taken into account for the purpose of the study, due to lack of data, |
report the few data collected about 22 subjects before the dietary intervention. People
who recorded types 1 and 2 stools were respectively 3 and 4. Six subjects had type 3
stools, well-formed and easy to pass, that indicate a good intestinal health. Three and 6
subjects out of 22 recorded types 5 and 6 stools, containing excess liquid or entirely liquid.

Nobody referred type 4 and 7 stools.

3.4.2 Questionnaires outcomes after the intervention

3.4.2.1 Lifestyle and eating habits

The Lifestyle and eating habits questionnaire was compiled after the dietary
intervention by only 39 subjects, 26 of which received the probiotic functional foods and
13 had the placebo supplementation. Following an accurate analysis of the
guestionnaires, no relevant changes were evidenced before and after the dietary
intervention. Regardless of the type of supplementation and the structure of residence,

all enrolled subjects maintained in general the same lifestyle and eating habits.
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3.4.2.2 Pathological anamnesis and Pharmacological therapy
The Pathological anamnesis and Pharmacological therapy questionnaire was compiled by
37 subjects after the dietary intervention. Of 37 subjects living in boarding homes and in
private houses, 24 received the probiotic functional foods and 13 had the placebo
supplementation. The pathological conditions of the population remained stable and
unchanged after the dietary intervention respect to baseline, as well as pharmacological

therapy, in all groups under study.

3.4.2.3 Mini Nutritional Assessment (MNA)

The Mini Nutritional Assessment questionnaire was chosen as the evaluation method
to assess the nutritional status changes of subjects. The MNA questionnaires were
compiled by 37 subjects after experimental phase. To compare the data before and after
the dietary intervention, having more realistic feedback, | selected just the questionnaires
of which | had the corresponding one compiled at baseline. Of 37 subjects, 24 received
the probiotic functional foods and 13 had the placebo supplementation; most of them
had the supplementation for 6 months, with the exception of 5 people (of probiotic-
supplemented group). Table 6 is referred to the mean scores of MNA for each group,
considering the type of supplementation, at baseline (T0O) and after intervention (T1). As
reported in Table 6, in the probiotic-supplemented group, the percentage of
malnourished subjects positively decreased after supplementation from 16.7% to 12.5%;
the percentage of elderly at risk of malnutrition increased and the number of people with
normal nutritional status slightly decreased. The placebo-supplemented group, less
numerous, presented the same number of malnourished subjects before and after the
intervention, a decreased percentage of people at risk of malnutrition and an

improvement of those in a normal nutritional status.
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Table 6. Mini Nutritional Assessment at baseline (TO) and after the dietary intervention (T1), referred to the
different type of supplementation. Results expressed as mean * SD. and relative percentage.

MINI NUTRITIONAL ASSESSMENT
(screening score)

PROBIOTIC | PROBIOTIC | PLACEBO .  PLACEBO
TO % T1 % TO % T1 %
MALNOURISHED <17 14.9+1.0 167  15.7+0.8  12.5 15.3+0.4 15.4 14+1.4 15.4
AT RISK OF 17-23.5 22.2+1.0 375  21.5+1.3 458 20.6+1.6 53.8 19.8+1.3 46.2
MALNUTRITION
NORMAL NUTR. >24 26.3+1.3 45.8 26.2+1.2 41.7 25.3+1.0 30.8 24.3t0.4 38.5
STATUS

Further elaboration of data was performed in collaboration with Prof. De Leone team
in our University. The graphs reported are related to the results collected: first we
compared the total scores, relative to the initial time TO and the final time T1;
subsequently specific clusters were considered to better explain the development of the
data.

From the results of the MNA questionnaire of all subjects, shown in Figure 5,
significant changes in nutritional status are not observed: most people involved continue
to be at risk of malnutrition, regardless of the type of supplement, while only few subjects
(5 out of 37) passed to a better status. Figures 6 and 7 report the results analysing the
type of supplementation. 37.5% of subjects in probiotic group maintained the same
nutritional status, respect to 7.7% in placebo group. Moreover, an evident but not
significant impairment was observed in placebo-supplemented subjects with a decline in
the nutritional status in 61.5% of cases, respect to 37.5% in probiotic group. On the
contrary, the rate of improvement in nutritional status was similar between the two
groups, with the 25% and 30.8% of cases after probiotic and placebo supplementation,
respectively. Taking into account the gender, a better nutritional status was noticed in
males than females, regardless the supplementation (data not shown); the same result
was observable already at TO, so it is not attributable to an effectiveness of treatment.
Further evaluations were done considering the time of supplementation, the 6-month
intervention seemed to be more effective than a shorter one (3 months), despite the

small sample size undermines the reliability of the results obtained (data not shown).
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Figure 5. Comparison of MNA results at TO and T1 of all subjects.
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3.4.2.4 The Psychological General Well-Being Index (PGWBI)

The PGWBI questionnaire was used as a method of evaluation for changes in the
quality of life and in the general well-being of subjects. Below are reported the results
collected at baseline time point (TO) and after the dietary intervention (T1); in total 25
subjects, 15 of which received the probiotic supplementation and 10 had the placebo diet.
Just 2 of them received the supplementation for less than 6-months period.

The variables used to organize all data are duration of supplementation, type of
supplementation, and gender.

Table 7 put in evidence that, for both groups, there was an improvement in the
psychological well-being, indicated by an increased PGWB Index mean score. Since the
positive improvement is referred to both probiotic and placebo groups it doesn’t have a
direct correlation with the effectiveness of treatment. Figure 8 shows all the changes into
each domain of the PGWBI questionnaire. Although the total score of general
psychological status improved in both groups, analysing the single domains, the changes
trend is variable. The probiotic supplementation seems to influence general well-being
and vitality, while after placebo intervention, depression and self-control had a better

score than baseline.

Table 7. Scores (0-100 scale) of each group and time point, for each domain and PGWBI index. The scores
are expressed as mean + SD.

ANXIETY DEPRESSION Wii‘:ﬂ:ﬁ\l" G VITALITY POSITIVITY SELF-CONTROL TS:Z:
PROTO 77.1+14.1 73.8+16.6 58.5+15.0 56.7+15.9 57.3+¥17.5 63.7+£14.0 64.5+10.7
PROT1 73.1+10.6 78.3+6.8 68.1+14.2 67.3114.7 58.7+14.3 68.7+17 69.0+10.7
PLATO 71.2+21.2 67.0+18.4 67.7+20.1 61.0+18.7 49.5+24.3 61.5+20.2 63.0+17.9
PLAT1 71.6+16.5 78.2+14.0 72.5%17.5 66.5+15.1 54.0+17.8 70.8+17.4 68.9+14.0
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Figure 8. Scores obtained for each domain referred to different time points and supplementation.

Figures 9-13 show all changes after the intervention, comparing the results obtained
at different time points. In each graph, the dashed horizontal lines identify 4 bands, useful
for the interpretation of the score of the questionnaire. Going up, the first corresponds
to a state of severe distress, the second to a state of moderate distress, the third to a
state without distress and the last to a state of positive well-being.

Figure 9, which shows the results of the PGWBI questionnaire of all population, it was
observed an increase in the PGWB index in 68% of cases, regardless the type of
supplementation. In addition, 20% of subjects worsened their status, while 12% of them
maintained it unchanged. A further elaboration was done taking into account the gender,
but not significant differences were observed between females and males (Figures 10 and
11). However, the subdivision according to the type of supplementation, shown in Figures
12 and 13, suggests that there are interesting differences between the subjects treated
with probiotic and those treated with placebo. Despite the sample size difference, an
important improvement (80% of cases) was recorded in probiotic group respect to
placebo one (50% of cases). Moreover, 30% of subjects evidenced a worsening in PGWB

index after placebo supplementation and only 13.3% after probiotics.
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Figure 9. Comparison of PGWBI scores at TO and T1 of all subjects.
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Figures 10 and 11. Comparison of PGWBI scores at TO and T1 of the probiotic supplemented group,

basing on the time gender.
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3.4.2.5 Bristol Stool Chart

The questionnaire submitted to volunteers and boarding home operators with the
purpose to highlight changes in functionality intestinal was not accepted. No observations
could be made or conclude relevant assessments, because the data were considered

insufficient: only three subjects completed the questionnaire at both TO and T1.

3.5 DISCUSSION AND CONCLUSIONS

Through the questionnaires survey, we obtained information on several aspects of
life and health of the elderly population under study. Our results, collected before and
after the dietary intervention, allowed to understand whether the supplementation
contributed to improve the healthy ageing and the general well-being.

The PGWBI showed a considerable effect of the probiotic supplementation,
suggesting it may be a responsive instrument to measure the impact of interventions on
well-being and quality of life of elderly people. At baseline, the PGWBI described the
population in a condition of moderate distress. The Index, calculated as mean score,
increased at T1 regardless the type of supplementation, describing a general
improvement in 68% of cases. The gender did not influence this variation, since no
significant differences were recorded between females and males. Although this
improvement was referred to both groups, the rate was higher after probiotic
intervention (80% of subjects) than after the placebo one (50% of subjects). This
interesting finding was supported by the analysis of the six individual domains of the
guestionnaire that confirmed the changes basing on the type of treatment administered.

Regarding the nutritional profile, assessed through the MNA questionnaire, both
probiotic and placebo supplemented groups showed promising variations respect to
baseline profile. Although most people were in the range “at risk of malnutrition” before
and after the intervention, our study showed an evident impairment in nutritional status
in placebo (61.5% of cases) than probiotic group (37.5%). Moreover, our results revealed
that a longer supplementation is more effective than a shorter one. These findings
suggest a potential influence of probiotic functional foods on nutritional status of elderly,

but it needs further investigation.
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On the contrary, the lifestyle and eating habits, as well for pathological status and
pharmacological therapy, did not show relevant changes during the six months of the
study.

In conclusion, despite the limitations of the human trial, such as the small sample size,
and the complex nature of gut-brain interactions, our results suggest the apparent
benefits of probiotic supplementation on psychological well-being. Some studies
supported the positive effects of probiotics on mental health and mood, although the
modulation mechanisms and metagenomic influences of GUT microbiota are still
relatively unknown (Pirbaglou et al., 2016). In our study, also the nutritional status of
elderly was partially beneficially affected by the probiotic supplementation, highlighting
its potential role in preventing malnutrition in elderly, as supported by literature
(Hamilton-miller). However, further work is necessary to confirm these preliminary

findings and determine long term outcomes.
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CHAPTER IV

ASSESSMENT OF PROBIOTICS EFFECTS ON GUT
MICROBIOTA MODULATION IN THE ELDERLY

4.1 ABSTRACT

Ageing is characterized by a low-grade chronic inflammation that involves several
body systems and is marked by elevated circulating levels of inflammatory mediators. This
situation, called inflammageing, represents a risk factor for morbidity and mortality in
elderly people. With ageing, also the gut microbiota is strongly influenced, and its
composition could be altered, leading to dysbiosis, a condition related with the
pathogenesis of many inflammatory diseases and infections. Moreover, intestinal
bacteria play a crucial role in maintaining immune and metabolic homeostasis and
protecting against pathogens, especially in elderly. The modulation of diet and eating
habits with the daily consumption of new probiotic functional foods could be a good
strategy to shape the gut microbiota across the lifetime. In this double-blind placebo-
controlled study, we investigated the gut microbiota composition of 97 elderly before (TO)
and after a probiotic foods-based intervention (T1). At baseline, the Real-Time PCR
analysis revealed an intestinal microbiota typical for healthy elderly people, dominated
largely by the phyla Firmicutes and Bacteroidetes, followed by Actinobacteria and
Proteobacteria. Taking into account the gender, differences between males and females
have been observed for Cl. coccoides-Eu. rectale group only. At T1, statistically significant
increase was observed for Lactobacillus spp. in probiotic group respect to placebo one;
moreover, the effectiveness of the intervention resulted in improved after 6-month
duration than less. Other significant changes were referred to Staphylococcus spp. and
Bifidobacterium spp., which decreased respectively after probiotic and placebo
supplementation. The 16S NGS analysis on probiotic group showed a decreasing trend of
Proteobacteria at T1 and conversely, an increasing trend of Actinobacteria and
Verrucomicrobia phyla, to which the increase of Akkermansiaceae and Bifidobacteriaceae

contributes at the family level. Overall, this study demonstrated that the probiotic-based
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intervention had effects on the modulation of gut microbiota, suggesting it as an effective

strategy to prevent dysbiosis, age-related morbidities and improve well-being in elderly.
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4.2 INTRODUCTION

The human gastrointestinal (Gl) tract represents one of the largest interfaces (250—
400 m?) between host, environmental factors and antigens in the human body
(Bengmark, 1998). Up to now, the ecosystem of the Gl tract has been the most intensively
studied body environment as it stores the largest and diverse microbial population (Lloyd-
Price et al., 2016). The collection of bacteria, archaea and eukarya colonising the Gl tract
is termed the ‘gut microbiota’ and has co-evolved with the host over years to form a close
and mutually beneficial relationship (Backhed et al., 2005; Neish, 2009). The number of
microorganisms inhabiting the Gl tract has been estimated to exceed 10%**(Bickhed et al.,
2005; Gill et al., 2006). The gut microbiota forms an additional acquired organ that
provides many essential functions to the host (Kodukula et al.,, 2017). A high inter-
individual variability characterizes the composition of the gut microbiota, evolving
throughout an individual's lifetime and it is affected by both exogenous and endogenous
changes. In each person, the density and composition of microorganisms change along
the Gl tract due to different environmental, chemical, and physical conditions. Along the
gut axis, the number and the variety of microorganisms change. The lowest bacterial
number is found in stomach and small intestine, in which pH is low and the transit time is
short, allowing to survive just a limited number of bacteria. On the other hand, the highest
biodiversity is in the colon, where cell turnover rate and redox potential are low, and the
transit time is longer, selecting the most suitable microbes for each environment (Thursby
and Juge, 2017). The colonization of human gut begins during and after birth, but the
composition of gut microbiota changes continuously (Kodukula et al., 2017; Nagpal and
Yamashiro, 2018; Ottman et al., 2012).

The composition of intestinal microbiota is influenced by factors as geography, diet-
related interactions, and age-related modifications (Mueller et al., 2006; Nagpal and
Yamashiro, 2018). In the early stages of life, the microbiota has low diversity and it is
dominated by two main phyla, Actinobacteria and Proteobacteria. Subsequently, the
diversity increases, and the microbiota composition evolves towards an adult-like
configuration (Kodukula et al., 2017; Nagpal and Yamashiro, 2018). The adult age shows
the highest diversity and complexity, a condition that remains relatively stable during

most of a healthy adult’s life (Ottman et al., 2012). At this age, approximately 80% of the
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total gut microbiota is integrated by members of the phyla Firmicutes and Bacteroidetes,
followed by Proteobacteria and Actinobacteria phyla (Claesson et al., 2011; Lloyd-Price et
al., 2016). On the contrary, since the large inter-individual differences, it is hard to define
a “typical” intestinal microbiota of elderly people (Biagi et al., 2012). Object of several
studies, elderly gut microbiota seems to be characterized by a reduced bacterial diversity,
changes in the dominant species and a consequent decrease in the availability of total
short chain fatty acids (SCFAs). Comparing the microbiota of elderly with that of younger
adults, lower levels of Firmicutes, mainly Clostridium cluster XIVa and Faecalibacterium
prausnitzii, and Actinobacteria (mainly bifidobacteria), and increased populations of
Proteobacteria have been found. Regarding other relevant populations, such as
Bacteroidetes phylum, the results are more variable, with some studies reporting lower
levels, while others indicate increases of this microbial group in elderly subjects. Similarly,
variable results have also been observed for lactobacilli (Salazar et al., 2017). Other
studies found an unexpected similarity between the faecal microbiota of the young adults
(aged 25-40 years) and elderly adults (aged 63-76 years), with Bacteroidetes and
Firmicutes highly dominant (approximately 95%), a smaller fraction of Actinobacteria and
Proteobacteria and comparable diversity values. In contrast, only centenaries >100 years
old showed a significantly compromised gut microbiota. Bacteroidetes and Firmicutes are
still dominant, but the relative proportion of Firmicutes subgroups changes. They also
observed a significant decrease of bifidobacteria, increased levels of Akkermansia
muciniphila and Proteobacteria (Biagi et al., 2012). To better understand the relationship
between the gut microbiota and a long-living host, Biagi et al. (2016) provided a further
phylogenetic microbiota analysis in person >105 years old, compared to adults, elderly,
and centenarians. They confirmed the presence of a core microbiota of highly occurring,
symbiotic bacterial taxa with an abundance decrease along with ageing and an age-
dependent increasing contribution of subdominant species.

The just mentioned shifts in the gut microbiota is a gradual process that occurs with
ageing. Ageing is associated with a time-dependent decline in physiological functions and
capacity, with the accumulation of molecular and cellular damages and changes (Biagi et
al., 2010; O’Toole and Jeffery, 2015). The age-related changes are mainly referred to Gl
tract, lifestyle and dietary schedule, living situation, comorbidities, socio-demographic

aspect (An et al., 2018). For all these reasons, ageing can seriously affect human gut
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microbiota composition and, consequently, human health and diseases development. The
gut microbial community is widely recognized as a key component of GI homeostasis. It
has protective, structural and metabolic functions, including helping to degrade food
particles, breaking down xenobiotics and carcinogens, producing anti-inflammatory
factors, SCFAs and essential vitamins, and providing protection against bacterial
pathogens. The different bacterial groups can also stimulate the development of the
mucosal and humoral immune system and the regulation of the intestine (Linares et al.,
2017). On the contrary, loss of beneficial microbial organisms and diversity, with the
increase of potentially harmful microorganisms, are events that encompass an altered gut
status, called dysbiosis (Petersen and Round, 2014). Age-related changes in the intestinal
microbiota, associated with increased systematic chronic inflammation, have been
proposed to be responsible for the higher susceptibility of elderly people to recurrent and
persistent infections and diseases (Salazar et al., 2017; Nagpal and Yamashiro, 2018).
The study of microbial composition has allowed to investigate the possible
connections between microbiota and the most typical pathologies of the elderly people.
Moreover, given that the intestinal microbiota is involved in the regulation of multiple
metabolic pathways of the host giving rise to a series of interactive metabolic “axes”, with
ageing it has been observed an altered communication among these axes. One of the
most problematic expressions of population ageing is frailty, a multidimensional
syndrome characterized by the reduction of functional reserves, resulting from the
decline of multiple physiological systems that increases the risk of falls, hospitalizations,
worsening disability, and mortality (Cesari et al., 2014). Convincing evidence suggests a
relationship between microbiota alteration and fragility in the elderly. In 2016, a study
conducted on 728 twin women with different degrees of fragility described the most and
less abundant bacterial populations in frail individuals (Jackson et al., 2016). Another
study showed that individuals with the high frailty score had a significant reduction in
lactobacilli species when compared to non-frail individuals. This group also showed a
decrease of bacteria within the Bacteroides/Prevotella and Faecalibacterium prausnitzii
groups (van Tongeren et al., 2005). Sarcopenia, characterized by a progressively decline
of the skeletal muscle mass and function, seems too, having a link with the intestinal
microbial ecosystem (Shlisky et al., 2017). The role of gut microbiota in skeletal muscle

regulation may occur through endocrine pathway, beginning with a disturbance in gut
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homeostasis and culminating with alterations in skeletal muscles. It has been supposed
that the reduced integrity of epithelial tight junctions, and the consequent increased
intestinal permeability, facilitates the passage of endotoxin and other microbial products
into the blood circulation. Once in the blood, they promote systemic inflammation that
appears to trigger maladaptation of skeletal muscle (Grosicki et al., 2018). Moreover, a
link between intestine and brain has long been hypothesized (Di Sabatino et al., 2018).
Growing evidence suggests that gut microbiota is a key player in bidirectional
communication across the gut—brain axis, even if the exact mechanisms underlying the
communication need to be further elucidated. The routes of communication include the
vagus nerve, gut hormone signalling, the immune system, tryptophan metabolism or by
way of microbial metabolites such as SCFAs (Dinan and Cryan, 2017). The role of the
microbiota on the regulation of this axis is critical for physiological processes, and an
altered microbiota has been implicated in a variety of neurodegenerative disorders,
including depression, autism, schizophrenia, Alzheimer’s disease and Parkinson’s diseases
(Sanchez-Garci-a et al., 2017). Alzheimer's disease (AD) is the most common cause of
dementia and has an important impact on the elderly population (Ballard et al., 2011).
Although AD has a complex pathogenesis and its aetiology is not well understood,
intestinal microbiota seems to play a role in this process. In particular, in vivo and in vitro
studies have shown a correlation with the production of LPS, one of the most important
products of the microbiota. Studies carried out on murine specimens have shown that LPS
can promote the formation of amyloid bridles and their deposition, finding higher levels
of LPS and E. coli fragments in Alzheimer’s disease patients than the control (Zhan et al.,
2016). Several recent experiments support that gaining the maximum health benefits
from the microbiota may require a more complex and diverse collection of
microorganisms (Petersen and Round, 2014). As explained before, the ageing process
promotes changes (lifestyle and dietary habits) in elderly people that contribute to the
reduction in the abundance and diversity of the intestinal microbiota, so this goal may be
even more difficult to achieve. This condition, in turn, promotes also inflammageing and,
consequently, the risk of all the age-related pathologies (Candela et al., 2014; Shanahan
et al.,, 2017). For all these reasons, it is important to find strategies to improve and ensure
the well-being of the intestine, since its key role for human health, especially in elderly

people. In this study, we aimed to evaluate the effects of a probiotics-based
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supplementation on the modulation of gut microbiota. We monitored the intestinal
microbiota of volunteers at baseline conditions and after the intervention, comparing the

obtained results with a placebo group, used as control.

4.3 MATERIALS AND METHODS

43.1 Faecal samples

The volunteers’ faecal samples were frozen immediately after sampling by the nursing staff
and then transferred to the laboratory, where they were processed for the enumeration
of selected bacterial groups to have the general profile of composition of intestinal
microbiota at baseline status and to monitor the changes at different time of
supplementation. The first time point of the sampling represents the baseline status of the
subjects. The faecal sampling and analysis were repeated after 3 or 6 month-dietary

intervention.

4.3.2 DNA extraction

The stool DNA extraction was performed using the “Norgen’s Stool DNA Isolation Kit”
(Norgen Biotek Corporation, Thorold, Canada), following the manufacturer’s instructions.
It provides a convenient and rapid method to isolate total DNA from fresh or frozen stool

samples.

4.3.3 Real-Time PCR analysis

The Real-Time PCR analysis was run to detect and quantify selected bacterial groups:
Bacteroides -Prevotella-Porphyromonas spp., Staphylococcus spp., Clostridium coccoides—
Eubacterium rectale group, Lactobacillus spp., Bifidobacterium spp., and
Enterobacteriaceae. The reference strains used for the bacterial groups were: Bacteroides
fragilis DSM 2151, Staphylococcus aureus ATCC 25923, Blautia producta DSM 2950,
Lactobacillus acidophilus ATCC 314, Bifidobacterium longum DSM 20219, Escherichia coli
ATCC 13706 and the respective specific primers, as reported in Table 1 (Nasuti et al.,
2016).
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Table 1. List of bacterial groups, respective reference strains and forward and reverse primer sequences.

TARGET PRIMER SEQUENCE (5’-3’) REFERENCE STRAIN
Bacteroides- Fw: GGTGTCGGCTTAAGTGCCAT Bacteroides fragilis
Prevotella-

Porphyromonas spp.

Rv: CGGAYGTAAGGGCCGTGC

DSM 2151

Fw: GCGATTGATGGTGATACGGTT

Staphylococcus aureus

Staphylococcus spp.

Rv: AGCCAAGCCTTGACGAACTAAAGC — ATCC 25923
Clostridium
coccoides- Fw: CGGTACCTGACTAAGAAGC Blautia producta
Eubacterium rectale DSM 2950

group

Rv: AGTTTYATTCTTGCGAACG

Lactobacillus spp.

Fw: TGGAAACAGRTGCTAATACCG

Rv: GTCCATTGTGGAAGATTCCC

Lactobacillus acidophilus
ATCC 314

Bifidobacterium spp.

Fw: GGGTGGTAATGCCGGATG

Rv: TAAGCGATGGACTTTCACACC

Bifidobacterium longum
DSM 20219

Enterobacteriaceae

Fw:
CATTGACGTTACCCGCAGAAGAAGC

Rv: CTCTACGAGACTCAAGCTTGC

Escherichia coli
ATCC 13706

SYBR Green Real-Time PCR amplification was performed using an iCycler iQ Real-Time

Detection System (Stratagene, La Jolla, California) associated with MXP Software and

following a specific protocol. The conditions and the standard curves used for each

bacterial group are presented in table 2 (Avella et al., 2010; Nasuti et al., 2016).
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Table 2. Real-Time PCR conditions run of each group of bacteria.

REFERENCE ANNEALING PRODUCT
STRAINS DENATURATION TEMP. EXTENSION CYCLES SIZE (bp)

Bacteroides
fragilis 95°C15s 58°C20s 72°C30s 35 140
DSM 2151
Staphylococcus
aureus 95°C15s 49°C20s 72°C 30s 35 279
ATCC 25923
Blautia producta o o o
DSM 2950 95°C15s 55°C20s 72°C30s 35 429
Lactobacillus
acidophilus 95°C15s 47°C1min  72°C1 min 40 230
ATCC 314
Bifidobacterium
longum 95°C30s 59°C30s 72°C45s 35 457
DSM 20219
Escherichia coli 95°C30's 55°C30s  72°C45s 35 195

ATCC 13706

4.3.4 NGS analysis

The NGS analysis was performed with the support of SYNBIOTEC Srl (Camerino, Italy),
that was involved in PROBIOSENIOR project as coordinator.

From the volunteers’ faecal samples, collected into sterile tubes and stored in a —-80°C
cryogenic freezer, the microbial DNA extraction was performed (as specified before) and
DNA was also used for the next generation DNA sequencing. The V3-V4 hypervariable
regions of 16S rDNA were amplified using universal primers (341F 5'-
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG-3’, 805R 5'-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTATCTAATCC -3’)

following the 16S Metagenomics Sequencing Library preparation protocol (Part #
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15044223 B). Libraries were sequenced using the MiSeq Illlumina Platform (lllumina Inc.
San Diego, CA, USA) with a 2x250 paired end run. Poor quality reads were filtered with
Trimmomatic (Bolger et al., 2014); paired-ends reads were merged using FLASH (Magoc¢
and Salzberg, 2011) and processed with VSEARCH (Rognes et al., 2016) to detect potential
chimera sequences and to cluster merged amplicons in operational taxonomic units
(OTUs), with a minimum pair-wise identity threshold of 97%. The NCBI 16S RefSeq
database (O’Leary et al., 2016) was employed for taxonomic classification. Evaluation of
microbial alpha (Adv, Chaol, Simpson’s and Shannon’s diversity) and beta (UniFrac
distances, Bray—Curtis dissimilarity) diversity measures were performed using an internal
pipeline of SYNBIOTEC Srl. Phylogenetic Investigation of Communities by Reconstruction
of Unobserved States (PICRUSt) analysis was performed to identify Kyoto Encyclopedia of
Genes and Genomes (KEGG) metabolic pathways potentially affected by groups of

bacteria.

4.3.5 Statistical analysis
All assays were performed in duplicate, the results were expressed as mean *
standard deviation. Paired, unpaired Student’s t test and Tukey's Multiple Comparison
Test were used to detect differences among mean values of results obtained at different

time points, basing on different variables. P <0.05 was regarded as significant.

4.4 RESULTS

4.4.1 Gut microbiota composition at baseline

4.4.1.1 Real-Time PCR analysis

At baseline conditions, intestinal microbiota of the 97 enrolled volunteers was
characterized at genus level, through qPCR analysis. The subjects randomly allocated into
the probiotic group were 59 and the subjects into the placebo were 38.

Figure 1 shows the faecal bacterial cell counts of the six intestinal bacterial groups of
interest: Bacteroides-Prevotella-Porphyromonas spp., Staphylococcus spp., Cl. coccoides-
Eu. rectale group, Lactobacillus spp., Bifidobacterium spp. and Enterobacteriaceae. The
intestinal microbial environment observed before the intervention (TO) was typical for
healthy individuals, largely dominated by the phyla Firmicutes and Bacteroidetes,

followed in smaller proportion by Actinobacteria and Proteobacteria (Eckburg et al.,
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2005). In details, Bacteroides-Prevotella-Porphyromonas spp. mean cell count was 8.27
Log CFU/g of faeces; Staphylococcus spp. and Bifidobacterium spp. presented low
variability within the group analysed. Staphylococcus spp. showed mean value of 6.8 Log
CFU/g of faeces, while Bifidobacterium spp. cell count was 7.7 Log CFU/g. Cl. coccoides-
Eu. rectale group presented mean value of 8.04 Log CFU/g of faeces. Lactobacillus spp.
and Enterobacteriaceae cell counts were similar, with mean values respective of 6.79 and

6.68 Log CFU/g of faeces.
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Figure 1. Faecal bacterial cell counts of target bacterial groups, at baseline, relative to the total enrolled
volunteers. The values are expressed as Log CFU/g of faeces (mean + SD; n=97).

The results obtained were further elaborated considering the gender and the
residence structure of subjects, to have a more complete overview on the senior
population characteristics at baseline.

Figure 2 A shows the bacterial counts classifying all subjects according to gender. The
differences between genders could be affected by the hormonal profile and balance, and
some intestinal bacterial groups or phyla are stronger influenced than others, as
explained in several studies (Shin et al., 2019). Three bacterial groups out of six
(Bifidobacterium spp., Staphylococcus spp., Enterobacteriaceae) had very similar mean
values between the female and male groups, with no significant differences. Gender
differences were observed for Bacteroides-Prevotella-Porphyromonas spp. with higher

levels in males than females, as confirmed in some studies (Mueller et al., 2006; Koliada
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etal., 2021). A similar trend was shown in Cl. coccoides-Eu. rectale group, with statistically
significant differences between male and female groups. For Lactobacillus spp., cell count
in female group was higher, although not significant, than in male group. Other
differences among genders observed at phylum-level are related to the Firmicutes-
Bacteroidetes (F/B) ratio, that was higher in females compared to males. These results
were also supported by a study conducted on the relative abundance of major gut
microbiota phyla in male and female participants (Koliada et al., 2021).

Figure 2 B also shows the arrangement of data basing on the residence structure of
subjects. It is interesting to understand how the profiles differ in people living in boarding
homes and in private houses, since the microbiota profile is strongly influenced by the
diet but also by the combination of different environmental factors, as reported by
several studies (Deschasaux et al.,, 2018; Mueller et al., 2006). The baseline levels of
Staphylococcus spp., Cl. coccoides-Eu. rectale group, Enterobacteriaceae and Bacteroides-
Prevotella-Porphyromonas spp. presented slight but not statistically significant
differences between free-living and boarding home subjects. Bifidobacterium spp. cell
count seems to be not affected by the different diet and environment, since the two
groups didn’t show variations. On the contrary, the average level of lactobacilli at baseline

was statistically higher in free-living than in boarding homes subjects.
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Figure 2. Faecal bacterial cell counts of target bacterial groups, detected in faecal samples at baseline,
according to gender (A) and residence structures (B) of the senior population. F= female; M= male. BH: boarding
home group; FL: free-living group. Values expressed as Log CFU/g of faeces (mean + SD; n=97); *Statistically

significant difference by unpaired Student’s t test (P<0.05).

44.2 Gut microbiota composition after intervention

4.4.2.1 Real-Time PCR analysis

The intestinal microbiota profile was studied before and after the intervention, and
the first data analysis was carried out considering the type of supplementation as factor

influencing the composition of the gut microbiota.

Figure 3 shows the results of bacterial counts at genus level obtained after both

supplementations. In placebo group, some slight variations were observed in most
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bacterial groups, with no statistical significance. Only in Bifidobacterium spp., a significant
decrease was recorded at time T1l. On the contrary, after probiotic intervention,
Bifidobacterium spp. cell count increased, although not in significant manner. However,
it is interesting to analyse the proportion of subjects with increased/decreased
bifidobacterial concentration after both interventions, because it tended to be different
(Chi square, p=0.001). In particular, bifidobacteria decreased in 24 out of 38 subjects
(63%) in placebo group, while an opposite trend was observed in probiotic group, with an
increase in concentration in 45 out of 59 (76%) participants.

For the other bacterial groups, the main change after probiotic intervention was
presented in Lactobacillus spp., with a significant increase at time T1 respect to TO and
placebo group. Bacteroides-Prevotella-Porphyromonas spp. doesn’t seem to be affected
by both supplementations, maintaining stable concentrations at T1. A common but not
significant trend was observed in probiotic and placebo groups for Staphylococcus spp.,
Cl. coccoides-Eu. rectale group and Enterobacteriaceae levels. In details, both
interventions seem to decrease Cl. coccoides-Eu. rectale group and Staphylococcus spp.
cell counts, while Enterobacteriaceae concentration, physiologically higher in elderly

respect to young adults*?, increased at T1 (Figure 3).

97



log CFU/g

log CFU/g

log CFU/g

Lactobacillus spp. Bifidobacterium spp.

124 1o 13
e|Een
104 o 104 -
8+ T w 84 —_r ——
£ estate S5 (R
B R 5 & 3
o DA ¥ il % St
P 2 o
24 Sesereresess Sor 24 earaterenat
ﬁ MO :
Probiotic group Placebo group Probiotic group Placebo group
Bacteroides-Prevotella-Porphyromonas spp. Staphylococcus spp.
124 [l 1] 129 -
Een BT
104 104
Y [ — 0 [
g B ] l i 2 8 o .
MO :
! l - e e
= 3 U o RN
w
4 PR - 2 I~I:I:I::::::
L5505 ::'illillill l.l
" R RIS *' :
N Probiotic group Placebo group i Probilotic group Placebo group
Clostridium coccoides-Eubacterium rectale group Enterobacteriaceae
12+ =L 12+
EeEen
104 104
5 - I 20 8 S e
,:.: otete’s a XXX — s
L0 eeeretel o ™ Tsresns .:
w0
& 2 4 X
. Seteretete o 2 :2:
.l X I'I sreretets :- :I::::"I:::: 00, X
N Probiotic group Placebo group i Probiotic group Placebo group

Figure 3. Faecal bacterial cell counts of target bacterial groups at two different time points (TO, T1) in the
two groups of subjects (Probiotic and Placebo group). Values expressed as Log CFU/g of faeces (mean * SD;
n=97); *Significantly different (P<0.05) from TO and *from Placebo group by Tukey’s test, One-way ANOVA.

Within the probiotic group, the time of supplementation seems to influence the
effects on gut microbiota. Of the subjects enrolled and allocated in the probiotic group,
33 out of 103 didn’t complete the experimental phase. For this limited number of
subjects, the microbial profile was studied after 3 months of probiotic supplementation
instead of 6. These incomplete analysis data allowed the evaluation of the effects of short
and long-term probiotic supplementation on gut microbiota. The main findings were
referred to Lactobacillus spp., where the 6 months supplementation positively influenced

its effectiveness, leading to a significant increase in cell count in 100% of subjects. On the
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contrary, the values remained unchanged after a shorter supplementation period (Figure
4 A). Overall, no significant variations in the faecal abundances of all other bacterial

groups were observed comparing the duration of probiotic intervention (Figure 4).
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Figure 4. Faecal bacterial cell counts of target bacterial groups at two different time points (TO, T1) in the
groups of subjects supplemented with probiotics for 6 months (n=59) or less than 6 months (n=33). Values
expressed as Log CFU/g of faeces (mean + SD; n=97); *Significantly different (P<0.05) from TO by Tukey’s
test, One-way ANOVA.
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The second data analysis was performed comparing the changes between before and
after intervention, taking into account the residence structure (Figure 5). Similar trends
were observed in boarding homes and free-living subjects, also considering the type of
supplementation received. The most evident changes were observed in boarding homes
group, probably also due to the different samples size. Lactobacillus spp. levels raised in
boarding home subjects after both interventions, but the increase was statistically
significant after probiotic supplementation (Figure 5 A) only. For the other bacterial
groups, some slight differences were observed in the two groups at T1, although without
statistically significant variations (Figure 5 B-F). The results described in this second data
analysis confirmed the findings explained previously. The differences observed between
the two residence structures are probably due to diet, lifestyle and environment-related
conditions that are peculiar and may influence some further cross-interactions (Mueller

et al., 2006).

100



A Lactobacillus spp. B Bifidobacterium spp.

124 124
104 - 7o
*
— b T1 KX T
2 * 2 [ XK
= [XXX] =] (o0
g oY 2o BB
o [0 > XXX
) 000.0.1 o D.0.0.‘
Il R = R
R 5
sheted KX
21 e Holels
KX R
c T " T L .?.?..‘ T T
PLA PRO PLA PRO PRO
BOARDING HOME FREE-LIVING BOARDING HOME FREE-LIVING
C Bacteroides-Prevotella-Porphyromonas spp. D Staphylococcus spp.
12+ 124
1o
10+ B T1 104
T
= ¥ s &
z 5 T
4 i e
S ° S % B
k] o k] o
) o v B
P X]
2 < 2-
G T T G T T T T
PRO PLA PRO
BOARDING HOME FREE-LIVING BOARDING HOME FREE-LIVING
E Clostridium coccoides-Eubacterium F Enterobacteriaceae
rectale group
124 12+
10- 1 To 104
B T1
T 8+
k=l T I o
2 RS > T
Se%ede! w6
o 2505 o
o :0:{0: o
Q P X X Q
3 S 3 4
PN
KRS
o%e%e%
2% 24
PN
S .
PRO PLA PRO PLA
BOARDING HOME FREE-LIVING BOARDING HOME FREE-LIVING

Figure 5. Faecal bacterial cell counts of target bacterial groups at two different time points (TO, T1) in the
subjects enrolled in boarding homes and private houses. Values expressed as Log CFU/g of faeces (mean +
SD; n=97); *Significantly different (P<0.05) from TO by Tukey’s test, One-way ANOVA.
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4.4.2.2 NGS analysis

V3-V4 regions of the 16S rRNA genes were sequenced using the Illumina MiSeq
platform, to assess the effects of probiotic supplementation on the intestinal microbiota.
We analysed the bacterial microbiota composition of all the samples in probiotic group at
time TO and T1. To evaluate the change of a-diversity before and after the probiotic
supplementation, Shannon, Simpson, chaol and adv indices were used.

The results are presented in Figure 6. In terms of species richness, no significant
difference was observed (p>0.05). The Bray—Curtis distances used to reveal B-diversity,
that is bacterial structural differences before and after the probiotic intervention, didn’t
show a congruent directional pattern between the two groups. At the phylum level, about
99% of the sequences belonged to the five most populated bacterial phyla in both time
points, namely Firmicutes, Bacteroidetes, Proteobacteria, Verrucomicrobia and
Actinobacteria (41.95% vs 40.68%, 44.17% vs 45.28%, 8.63% vs 5.72%, 1.84% vs 3.22% and
2.13% vs 3.93%, respectively) (Figure 7). At the family and genus level, 25 families and 27
genera were the dominants in both time points (relative abundance of >1%) (Figure 8 and
9). No significant difference in Firmicutes and Bacteroidetes abundance was identified
after probiotic intervention (T1). Anyway, a significant change in the relative abundance of
Proteobacteria, Verrucomicrobia and Actinobacteria was registered. Interestingly,
Proteobacteria, which has been associated with increased gut inflammation and dysbiosis,
was more abundant in seniors at TO and it tends to decrease after the probiotic
supplementation. On the other hand, the Actinobacteria and Verrucomicrobia phyla
increased after probiotic intervention. Within the Verrucomicrobia phylum, the increase of
the Akkermansiaceae and Akkermansia at the family and genus level respectively, is
notable. Moreover, the levels of total bifidobacteria were positively affected by the
probiotic supplementation as evidenced by significant increase in Verrucromicrobia at the
phylum level, to which contribute an increase in Bifidobacteriaceae and Bifidobacterium at
the family and genus level respectively. In addition, we explored the metabolic activity of
the gut microbiota in probiotic group through PICRUSt analysis to predict the functional
profiling of the microbial communities based on the 16S rRNA gene sequences.
Interestingly, after the administration of probiotics, a significant increase in some

metabolic pathways were observed. Probiotic use significantly modulated 8 functional
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pathways, in particular some amine, aromatic compounds and amino acids degradation

pathways.
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Figure 6. Comparison of alpha-diversity indices Adv, Chaol, Shannon and Simpson in faecal samples
collected at TO and T1 in subjects of probiotic group.
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1.2 Phyla

1
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0.4
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M Firmicutes H Bacteroidetes = Proteobacteria
Verrucomicrobia B Synergistetes M Lentisphaerae
M Euryarchaeota W Actinobacteria M Tenericutes
B Unknow_db B Fusobacteria

Figure 7. Relative abundance of the phyla. The x-axis represents sampling times (TO and T1) and
the y-axis represents relative abundance present.
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Figure 8. Relative abundance of the families. The x-axis represents sampling times (TO and T1) and the
y-axis represents relative abundance present.
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1.2

Genera
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Streptococcus Sutterella
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Figure 9. Relative abundance of the top 25 genera; other species were combined as “Others”. The
x-axis represents sampling times (TO and T1) and the y-axis represents relative abundance present.

4.5 DISCUSSION AND CONCLUSIONS

The evaluation of the effects of the probiotic supplementation on intestinal
microbiota composition of elderly volunteers was one of the main objectives of the study.
Beside this, we also studied the microbial profile before the intervention, to have an
overview of the baseline conditions of the community. The data were studied and
elaborated focusing on all the variables that could influence elderly status, such as the
gender, the diet, the living structures/conditions and the intervention time. As
demonstrated in this study, gut microbiota is extremely variable between individuals and

within each group analysed. In general, the data obtained at baseline confirmed that the
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community under study had the typical gut microbiota composition of healthy elderly
subjects, with Firmicutes and Bacteroidetes phyla are predominant, followed by
Actinobacteria and Proteobacteria. Since the hormonal profile may influence the
intestinal microbiota composition, the results were further organised considering the
gender of the subject. Based on that, significant differences were observed for Cl.
coccoides-Eu. rectale group with higher levels in males than females. Moreover, also at
phylum-level intestinal microbial composition, the Firmicutes to Bacteroidetes ratio (F/B)
revealed higher values in females compared to males. The other bacterial groups do not
seem to be influenced by gender. The environmental conditions may also affect the gut
microbiota composition in elderly; comparing the profiles of subjects living in boarding
homes and private houses, the results revealed statistically higher lactobacilli cell count
in free-living subjects than in boarding home group.

At bacterial genus level, significant differences were observed after probiotic
intervention. With ageing, gut microbiota composition changes, with a reduction in
Lactobacilli spp., Bifidobacterium spp., and Bacteroides spp. levels (Ragonnaud and
Biragyn, 2021). On the contrary, in this study, Lactobacillus spp. cell count significantly
increased after the probiotic supplementation. In addition, Bifidobacterium spp.
increased in probiotic group after supplementation, although in a not significant manner;
while in placebo group, the cell count decreased at the end of intervention.

The age-related modifications of intestinal microbiota also affect other bacterial
groups, such as Staphylococcus spp., Cl. coccoides-Eu. rectale group, and
Enterobacteriaceae. In this study, we observed a decrease in Staphylococcus spp. cell
count in both groups, with a statistically significant difference just for probiotic group at
T1 respect to TO. A positive trend was also observed for Cl. coccoides-Eu. rectale group,
with a reduction in concentration after both interventions, despite its levels in elderly
tend to increase due to the use of antibiotics and drugs. Moreover, our study revealed a
common increased trend for Enterobacteriaceae after probiotic and placebo dietary
intervention, but without significant changes. The changes occurred after the probiotic
intervention, were further investigated comparing the composition of microbiota in
relation of the residence structure of subjects. In most cases, we observed a big variability
between the groups, with a significant increase at T1 respect to TO in boarding homes

subjects supplemented with probiotics. For the other bacterial groups, no significant
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variations were observed considering the supplementation related with the residence
structure.

Interesting is also the effect of the probiotic functional food-based diet considering
the supplementation time. Some bacterial groups seem to be more influenced by a 6-
month intervention, while others showed significant changes with a shorter
supplementation. Lactobacillus spp. cell count significantly increased in 100% of subjects
after 6 month-intervention, while no significant variation was observed after less than 6
month-duration. For the other bacterial groups, the intervention time doesn’t seem to
affect the effectiveness of the probiotic intervention with significant changes. Finally,
results obtained by 16S NGS analysis revealed that probiotic product administration
significantly affected some phyla, families, and genera abundance. After probiotic
intervention, a significant increase of Bifidobacteriaceae family and Bifidobacterium
genus was observed, highlighting the positive effects of probiotic supplementation on gut
modulation.

In conclusion, the results obtained from this study are very interesting. As
documented by literatures, in elderly community a high variability is observed and many
factors may influence elderly conditions and, consequently, the subject’s response to
experimental intervention (Mueller et al., 2006). Despite this, in PROBIOSENIOR Project,
probiotics-based intervention seems to exert a positive modulation on gut microbiota
respect to the placebo control supplementation, especially after 6-month intervention.
Since the strong connection between intestinal environment and human health, the
obtained results support those probiotic functional foods could have a useful role in the
improvement of elderly general well-being, preventing dysbiosis and age-related

morbidities.
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CHAPTER V

PROBIOTICS EFFECTS ON SHORT-CHAIN FATTY ACIDS
PRODUCTION BY GUT MICROBIOTA

5.1 ABSTRACT

Short chain fatty acids (SCFAs) are the main metabolites produced in the colon by
bacterial fermentation of dietary fibres and resistant starch (Markowiak-Kope¢ and
Slizewska, 2020). SCFAs play a key role in many human pathways, such as the regulation
of pH, glucose and protein metabolism, maintenance of the normal structure, integrity
and function of the intestines (Rios-Covian et al., 2016; Markowiak-Kope¢ and Slizewska,
2020). These fatty acids have been also recognized as potential mediators involved in the
effects of gut microbiota on intestinal immune function, showing anti-inflammatory
activity (Markowiak-Kope¢ and Slizewska, 2020). Moreover, studies in animals and
humans revealed that gut microbiota dysbiosis has been implicated in behavioural and
neurologic pathologies, supporting the SCFAs’ crucial physiological effects on several
organs, including the brain ( Sharon et al., 2016; Stilling et al., 2016; Fung et al., 2017;
Deng et al., 2019). Ageing is associated with an alteration of intestinal balance and a
progressively and significant reduction in the faecal concentrations of SCFAs. Since the
maintenance of intestinal homeostasis is necessary to maintain the host’s well-being and
prevent many age-related diseases, the use of probiotics is one of the most helpful
strategies to modulate gut microbiome and SCFAs, improving elderly people health (Dinan
and Cryan, 2017; Markowiak-Kope¢ and Slizewska, 2020). This study aimed to evaluate
the effects of probiotic dietary supplementation on SCFAs level production in healthy
elderly people. At baseline conditions, despite the high variability between different
genders and residence structures, no significant variations were observed. After dietary
intervention, the main changes were referred to the most abundant SCFAs, acetic and
butyric acids, with a greater increase in SCFAs level in probiotic group than placebo one.
The same trend was observed for total SCFAs, with an evident but not significant increase
in acids amount after probiotic supplementation. The other SCFAs did not show any

change and remained stable after intervention period. Considering the SCFAs’ key role
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and their physiological age-related reductions, the increase in SCFAs’ levels obtained in
this study are a very interesting result, that supports, once again, the use of probiotics as

a potential strategy to modulate elderly health.
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5.2 INTRODUCTION

Human mucosal sites are colonized by a huge number of microorganisms of different
kingdoms and genera. Most of these cells are located in the gastrointestinal (Gl) tract
where they exert several roles, such as protective, structural and metabolic functions
(O’Hara and Shanahan, 2006). Relevant effects of these microorganisms have been
demonstrated not only in the Gl tract but also in adipose tissue, immune and nervous
systems (Maslowski et al., 2009; Vijay-Kumar et al., 2010; Heijtz et al., 2011). Moreover,
studies revealed that not only gut microbiota, but also its metabolites like short chain
fatty acids (SCFAs), are involved in many pathways, suggesting their role in the
development of pathological conditions including inflammatory bowel disease (IBD),
colon cancer, obesity and type 1 and 2 diabetes mellitus (Maslowski et al., 2009; Uronis
et al., 2009; De Filippo et al., 2010; Vijay-Kumar et al., 2010). Throughout life, with ageing
and other factors, several modifications in the gut microbiota and, consequently, in its
products amount occur, and this can strongly influence the energy balance of the host,
especially in elderly people (Markowiak-Kope¢ and Slizewska, 2020). SCFAs are the main
metabolites produced in the colon by bacterial fermentation of dietary fibres and
resistant starch (Markowiak-Kope¢ and Slizewska, 2020). SCFAs play a very important role
in regulating pH, increasing the absorption of calcium, iron, as well as magnesium, and
are beneficial for glucose and protein metabolism in the liver. In addition, these acids
affect the maintenance of the normal structure, integrity and function of the intestines
(Rios-Covidn et al., 2016; Markowiak-Kope¢ and Slizewska, 2020). They show also anti-
inflammatory activity, which involves the inhibition of the activity of inflammatory
mediators in the intestinal epithelium, inhibiting, for example, the activation of NF-kB
macrophages, which are the main source of cytokines in case of inflammatory processes
(Markowiak-Kope¢ and Slizewska, 2020). Moreover, growing evidences support the
SCFAs’ crucial physiological effects on several organs, including the brain (Stilling et al.,
2016; Fung et al., 2017). This hypothesis is supported by studies in animals and humans
showing that gut microbiota dysbiosis has been implicated in behavioural and neurologic
pathologies, such as depression, Alzheimer's (AD) and Parkinson's (PD) diseases and
autism spectrum disorder (ASD) (Sharon et al., 2016; Deng et al., 2019). Considering the

direct connection between gut microbiota and SCFAs, the modulation of microbiota and

114



microbiome in elderly people could be a reliable strategy to improve the geriatric
condition and all the age-related diseases (Dinan and Cryan, 2017). In this study we aimed
to evaluate the effects of 6-month probiotic supplementation on SCFAs level in faecal

sample of healthy elderly people.

5.3 MATERIALS AND METHODS

The SCFAs analysis have been performed with the collaborations of Prof. Dennis
Fiorini’s team.
5.3.1 Standards, reagents and solvents
The analytical standards, acetic, propionic, i-butyric, n-butyric, i-valeric, n-valeric, i-
caproic and n-caproic acids (C2, C3, iC4, C4, iC5, C5, iC6 and C6 respectively), were acquired
from Sigma—Aldrich (Milan, Italy). Sulfuric acid was purchased from Carlo Erba (Milan, Italy)
and ethyl ether from J.T. Baker (Phillipsburg, New Jersey, USA).
5.3.2 Standard solutions preparation
For each acid, a diethyl ether stock standard solution was prepared. The
concentration was 7.00 x 103 uM for the most abundant SCFAs (C2, C3 and C4) and 1.00
x 103 uM for the less abundant SCFAs (iC4, iC5, C5 and C6). The stock standard solutions
for the two internal standards were prepared dissolving 24 uL of iC6 (1S1) and 120 uL of
C5 (IS2) in diethyl ether (10 mL for each solution). All the stock standard solutions were
stored at 4 °C until used.
5.3.3 SCFAs extraction
The volunteers’ faecal samples were collected and delivered to the University, where
they have been immediately frozen at -20°C until the analysis. After homogenization, an
aliquot of 100 mg of sample was weighted in a 2 mL vial, acidified with 0.25 mL of aqueous
sulfuric acid 50% w/v and shaken for 3 min. The internal standard solution (IS1) was added
(50 pL of iC6) and an extraction with 1 mL of ethyl ether was performed. After 5 min
centrifugation at 2800 x g, the organic phase was collected into a 4 mL vial. The extraction
procedure was repeated three times up to collect 3 mL of organic phase in total. At the

end, 0.5 pL of the solution were injected into the GC for the analysis.
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5.3.4 GC-FID analysis of SCFAs

The analysis was performed using a gas chromatograph Agilent Technologies 6850 GC
(Santa Clara, CA, USA) associated with a split/spitless injector and FID. To confirm the
identity of the analytes a GC 6890N combined with a mass spectrometer detector 5973
(Agilent Technologies, Santa Clara, CA, USA) was also used. The capillary column was a
nitroterephthalic acid modified polyethyleneglycol (PEG) column (DBFFAP, 25 m, 0.25 mm
i.d., 0.25 um film thickness, Agilent Technologies, Santa Clara, CA, USA). The GC injector
was set at 280 °C and the injection was performed in splitless mode (splitless time: 3 min).
The oven temperature started from 40 °C for 3 min, then increased of 20 °C/min to 160°C
and finally of 40 °C/min until 245 °C and maintained for 1.87 min, resulting in a total run
time of 13 min. Hydrogen was used as carrier gas at a flow rate of 3.70 mL/min. The
detector temperature was maintained at 250 °C. MS operational parameters were:
electron ionization (El) at 70 eV; transfer line and ion source temperature: 250 °C;
quadrupole temperature: 150 °C; and mass range: m/z 29-300. The SCFAs identity in real
samples was confirmed by comparison of their retention times and their mass spectra
with those of authentic standards and with reference spectra from the US National

Institute of Standards and Technology (NIST, 2008) (Scortichini et al., 2020).

5.3.5 Statistical analysis
Data were analysed by one-way analysis of variance (ANOVA) and Tukey's test for
pairwise comparison, in order to determine significant differences (P<0.05) between the
different number of extractions applied to the samples, using the software PAST(Hammer

et al., 2001).

5.4 RESULTS

5.4.1 SCFAs quantitative determination at baseline
The faecal SCFAs quantification was performed at two different time points, before
and after the intervention, to assess the baseline conditions and monitor potential
changes during time. The results of SCFAs analysis are presented in Figure 1. At baseline
conditions, there is a high inter-individual variability in each group, and between different
groups or gender. In general, acetic, propionic and butyric acids are the most abundant,

while isobutyric, valeric and caproic acids are present in less amount. Figure 1 shows the
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single SCFAs level considering the gender and the residence structures. Despite the high

variability, there are not statistically significant differences between the compared

groups.
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Figure 1. Faecal short chain fatty acids at baseline conditions, according to the gender and residence
structures. Values expressed as umol/g of faeces (n=97).

5.4.2 SCFAs quantitative determination after intervention

The Figure 2 shows the single and total faecal SCFAs levels in placebo and probiotic
groups after the dietary intervention. Analysing acetic, propionic and butyric acids, the
most abundant SCFAs, we observed some variations between time TO and time T1 within
the same group (placebo or probiotic). The major changes, although not significant, were
referred to acetic and butyric acids after probiotic supplementation, with an increase in
concentration in both cases. A similar trend was observed in placebo group, with slight
changes after the intervention. The levels of the other SCFAs, present in smaller
quantities, remained mainly unchanged under 5 umol/g of faeces and no statistically
significant differences were noticed. Moreover, studying the total SCFAs level, the
probiotic group had an evident increase in SCFAs concentration at the end of the
intervention period respect to TO; the increment was slightly higher than placebo group

(P>0.05).
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Figure 2. Single and total SCFAs levels during the different time points (BB T0 and B T1) relative to the
probiotic and placebo group.

To explore in detail the changes in SCFAs levels after the intervention, we further
divided the subjects into four groups, basing on the type of supplementation received and
the residence structure. According with the first elaboration presented in Figure 2, the
main variations were observed for acetic and butyric acids. Figure 3 shows the differences
in SCFAs levels between free-living and boarding home subjects; at time T1 evident but
not significant increases were observed respect to TO, despite the treatment. While,
taking into account the type of supplementation and its effect on SCFAs, at time T1
probiotic group had a greater increase than the placebo one. On the contrary, for the less
abundant SCFAs, not significant differences were reported considering the type of

supplementation and the residence structures (Figure 3).
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Figure 3. Single SCFAs levels during the different time points relative to the type of supplementation and
residence structure (BH: boarding homes; FL: free-living).

5.5 DISCUSSION AND CONCLUSIONS

Several studies demonstrated the alteration of gut microbiota composition in elderly
people, with increased levels of some bacterial groups at the expense of others (Hopkins
et al., 2001; Woodmansey, 2007; Biagi et al., 2010, 2016; Gueimonde et al., 2010;
Makivuokko et al., 2010; Salazar et al., 2013). Maintaining the balance of intestinal
microbiome is crucial for maintaining the normal health status, especially in elderly
people (Markowiak-Kopeé and Slizewska, 2020). The age-related changes in gut
microbiota composition lead also to a direct reduction in the intestinal levels of SCFAs

(Salazar et al., 2013).
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SCFAs, metabolites of intestinal bacteria, exert many important functions and they
are influenced by the composition of Gl microbiota, genetic, environmental and dietary
factors (Markowiak-Kope¢ and Slizewska, 2020).

Since the alterations of intestinal microbiota and SCFAs production play an essential
role in triggering inflammatory events, such as impairment of intestinal barrier integrity
and gut leakiness increase, endotoxemia, inflammageing and associated morbidities, the
modulation of Gl microbiota and SCFAs using probiotics could be useful to improve the
age-related condition (Rera et al., 2012; Clark et al., 2015). This part of the study aimed
to evaluate the effects of a probiotics-based diet on SCFAs produced by intestinal
microbiota in clinically healthy older people. The faecal SCFAs quantification was
performed at two different time points, before and after the intervention. At baseline
conditions, a high inter-individual variability in each group, and between different groups
or gender was observed. In general, acetic, propionic and butyric acids are the most
abundant, while isobutyric, valeric and caproic acids are present in less amount. The
major findings were observed at T1 in probiotic group, with an increase in concentration
for acetic and butyric acids, although not significant. The levels of the other SCFAs,
present in smaller quantities, remained mainly unchanged in probiotic and placebo
groups. In addition, analysing total SCFAs level, in probiotic group an evident increase in
SCFAs concentration at T1 respect to TO was noticed, slightly higher than placebo group
(P>0.05). After a further subgroup analysis, no significant variations were observed in
SCFAs levels taking into account just the residence structure.

Contrary to the expected progressive reduction of SCFAs in the Gl tract associated
with ageing, in this study we observed the opposite behaviour (Silva et al., 2020). Despite
some limitations and the lack of significance, an evident increase in the amount of the
most abundant SCFAs was detected after probiotic dietary intervention. On the contrary,
the minor SCFAs mainly maintained the baseline concentrations in all elderly volunteers.
One of the limitations of this study is the measurement of SCFAs production that was
performed in faeces. This analysis reflects their levels at the end of the digestive tract, but
not necessarily it describes the other parts of the colon.

Considering all these aspects, the key role played by the intestinal SCFAs and the
serious consequences in terms of gut barrier maintenance and host physiological

homeostasis caused by age-related reductions in SCFAs, the results obtained in this study
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are very interesting and the probiotics use seems to be a right direction for further

research (Rios-Covidn et al., 2016).
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CHAPTER VI

MONITORING OF BIOGENIC AMINES ON PROBIOTICS-
SUPPLEMENTED SENIORS

6.1 ABSTRACT

Biogenic amines (BAs) are biologically active molecules present in different districts
of human body, exerting several essential physiological functions. Since BAs can be used
as markers of different and important diseases, their detection and quantification in
biological fluids and tissues can be useful to evaluate the health status of people. In this
study, the level of 11 BAs was determined in urine samples to assess the effects of
probiotics supplementation on healthy elderly volunteers. The results revealed a high
inter and intra-variability at baseline and at the end of dietary intervention. Polyamines:
spermidine levels positively decreased in probiotic group, remaining stable in placebo
group at T1; putrescine and spermine decreased in both groups, despite the
supplementation; on the contrary, cadaverine increased in probiotic group, decreasing in
placebo group. Histamine and dopamine decreased after both supplementations;
serotonin levels remained mainly unchanged in probiotic group respect to placebo; the
opposite trend for tyramine amount that decreased. Phenylethylamine increased after
probiotic and placebo treatments. On the contrary, epinephrine and trymetilamine were
not detected in the urine samples, because of their absence or their presence in quantities
out of LOQ (limit of quantification) and LOD (limit of detection) ranges. Urine test proved
to be inexpensive, quick, and non-invasive, despite some limitations. We concluded that
the effect of probiotic supplementation was demonstrated as a trend influencing some
BAs more than others. To investigate elderly health status and the influence on age-
related diseases, more studies are needed to better understand the potential

mechanisms by which probiotics modulate BAs, and consequently healthy ageing.
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6.2 INTRODUCTION

Scientific opinion and interest are becoming more aware about the importance of
biogenic amines (BAs) for human health (Gosetti et al.,, 2013). The most attention in
research on BAs is referred to their presence in some fermented foods and beverages,
where they naturally are formed during fermentation processes from amino acid
decarboxylation (Ten Brink et al., 1990; Silla Santos, 1996). BAs present in foods are
indicators of food quality and potentially toxic to human health when ingested in large
amount (Lehane and Olley, 2000; Ancin-Azpilicueta et al., 2008; Spano et al., 2010).

Recently, the interest has also shifted towards the presence of BAs in biologic fluids
and tissues, as many correlations with human health have been demonstrated (Gosetti et
al., 2013).

Biogenic amines are low molecular weight organic nitrogen compounds formed by
the decarboxylation of amino acids or amination and transamination of aldehydes and
ketones during the standard metabolic processes (Gosetti et al., 2013; Erdag et al., 2018).
BAs are biologically active molecules present in different districts of human body, exerting
several essential physiological functions (Erdag et al., 2018). In general, BAs are source of
nitrogen and precursors for the synthesis of important compounds in organisms, such as
alkaloid, nucleic acids, hormones, and proteins, which derived from the normal
metabolism in animals, plants and microbial cell ( Novella-Rodriguez et al., 2002; Latorre-
Moratalla et al., 2012). Moreover, BAs have biological functions in human immune
system, nervous system as neurotransmitters, and cardiovascular system, increasing or
decreasing blood pressure; they also play an important role in metabolism and digestion
(Erdag et al., 2018).

The wide world of BAs includes two main groups, polyamines (PAs) and
catecholamines (CATs), both with specific roles in human physiology (Gosetti et al., 2013).
In addition, according to their chemical structures, BAs can be classified in three groups
as follow: monoamines (Tyramine, Phenylethylamine), diamines (Histamine, Serotonin,
Putrescine, Cadaverine) and polyamines (Spermidine, Spermine, Agmatine).

Polyamines (PAs) are widely spread in human body and they are involved in cancer
cell growth (Khuhawar and Qureshi, 2001). For some PAs, like Spermine (Spm),

Spermidine (Spd), Putrescine (Put), and Cadaverine (Cad), studies demonstrated that their
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concentration significantly increases in biological fluids and tissues of cancer patients
(Khuhawar and Qureshi, 2001; Lozanov et al., 2007). Although the metabolism pathway
has not been clearly interpreted yet, high levels of total PAs, as observed in cancer
patients, have been associated with altered PAs biosynthesis and accumulation, and
consequent rapid tumour growth. Positively, the PAs concentration could be useful, with
the medical history of the patient, in the diagnosis of this kind of disease (Khuhawar and
Qureshi, 2001; Lozanov et al., 2007; Gosetti et al., 2013).

However, catecholamines (CATs) derive from a common precursor, the amino acid
tyrosine and they include Serotonin (5-HT), Dopamine (DA), and Epinephrine (E). CATs are
natural endogenous molecules that act as hormones and neurotransmitters in the central
and peripheral nervous systems (Nagatsu, 2006; Baumann et al., 2009; Gosetti et al.,
2013). CATs are involved in the regulation of the response to stress psychomotor activity,
emotional processes, learning, sleep, memory (Gosetti et al., 2013). According to these
evidences, urinary and plasmatic CATs have been proposed as stress biomarkers (Ray et
al., 2006; Mitoma et al., 2008). CATs have been also suggested as growth factors and
antioxidants, since they participate in cell multiplication and regulation processes. Their
detection in body fluids is important for clinical diagnosis of pheochromocytoma,
paraganglioma, and neuroblastoma, neuroendocrine disorders and other physiologic and
pathologic conditions (Chan and Ho, 2000; Kushnir et al., 2002; Marc et al., 2011).

Each BA is involved in specific pathways related with human physiology. For example,
DA is related with locomotion, cognition and development, and gut motility (Esler et al.,
1990; Civelli et al., 1993; Brown et al., 2001; Carrasco and Van de Kar, 2003); acetylcholine
(Ach) is a neurotransmitter that transfers action potentials between neurons to
communicate with specialized cells such as muscles; 5-HT is part of the regulation of many
physiological functions such as mood stabilization, appetite regulation, digestion, sleep,
sexual behaviour, cerebral blood flow regulation, and blood-brain barrier permeability
(Nakada and Itoh, 2003); histamine (His) is involved in local immune reactions and related
inflammatory responses, in regulating body temperature, stomach volume and pH
(Nieto-Alamilla et al., 2016); tryptamine (Tryp) is found in trace levels in the brain of
mammals, it increases blood pressure and acts as neuromodulator and neurotransmitter

(Berry, 2004).
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Among all BAs, the amines with function as neurotransmitters include DA,
norepinephrine (NE), E, His, and 5-HT. In addition to the well-established roles as
neurotransmitters, accumulating evidences suggest that these amines might act in the
gut as important signal molecules between commensal microbiota and the host
(Freestone et al.,, 2008; Hughes and Sperandio, 2008; Lyte, 2004). It has been
hypothesised the potential role of microbe-derived amines and other trace amines in
modulating the gut physiology but also the host brain functions, the “microbiota-gut-
brain” axis (Cryan and Dinan, 2012; Schmidt, 2015).

Recent research also evidenced the potential involvement of biogenic amines in
muscular system function changes. He and Jasper (2014) studied the correlation between
ageing and progressive decline in muscular integrity and function. Despite the increasing
studies regarding age-related muscular system function alterations, the mechanisms
behind these changes remain unclear. One of the possible underlying mechanisms could
be referred to biogenic amines, since age-related changes in their level have been
reported, especially for serotonin and dopamine that vary with ageing ( Seid and Traniello,
2005; Rauschenbach et al., 2011).

Since it was demonstrated that BAs can be markers of different and important
diseases, the simultaneous determination of BAs in biological fluids and tissues can be
useful to develop a BAs profile for clinical diagnosis medicine.

This study aimed to monitor the effects of probiotic functional foods-based diet on
health in elderly people. According to the evidence, the biogenic amines levels analysis is
a valid approach to investigate health status in elderly and the incidence of age-related
diseases. Despite the existing limitation regarding the bioamines’ low concentrations in
biological fluids, undoubtedly, for patients, a urine test is rapid, simple, and less invasive
than others. In this study eleven biogenic amines have been detected and quantified in
urine samples of healthy elderly people before and after the dietary intervention, with

the aim to monitor any variations according with probiotic/placebo supplementation.

6.3 MATERIALS AND METHODS

The BAs analysis have been performed thanks to the collaboration of Prof. Gianni

Sagratini’s team.
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6.3.1 Chemicals and Reagents

Perchloric acid (HCIO4, 80%), acetone (299.5% CAS No. 67-64-1), sodium hydroxide
anhydrous (298%, CAS N0.1310-73-2), sodium bicarbonate anhydrous (=99.5%, CAS No.
144-55-8), acetonitrile (HPLC, gradient grade, 299.9%, CAS No. 75-05-8) and dansyl
chloride (C12H12CINO2S, 98% CAS No. 605-65-2) for deproteinization, extraction and
derivatization were from Sigma-Aldrich (Milano, Italy). Deionized water (<8MQ cm
resistivity) was obtained from the Milli-Q SP Reagent Water System (Millipore, Bedford,
MA, USA).

6.3.2 Standard and solutions

Spermine tetrahydrochloride (SPE, C10H26N4e4HCI, >98%, CAS No. 306-67-2),
Spermidine trihydrochloride (SPD, C7H17N3e3HCI, >98%, CAS No. 334-50-9), Cadaverine
dihydrochloride (CAD, C5H14N2e2HCI, >98%, CAS No. 1476-39-7), Putrescine
dihydrochloride (PUT, C4H12N2e2HCIl, >98%, CAS No. 333-93-7), Histamine
dihydrochloride (HIS, C5H9N3e2HCI, >99%, CAS No. 56-92-8), Tyramine hydrochloride
(TYR, C8H11NO®HCI, >98%, CAS No. 60-19-5), 2-Phenylethylamine hydrochloride (PEA,
C8H11NeHCl, >98%, CAS No. 156-28-5), Tryptamine hydrochloride (TRY, CLIOH12N2eHCI,
>99%, CAS No. 343-94-2), (-)-Epinephrine (E, C9H13NO3, CAS No. 51-43-4), Dopamine
hydrochloride (DA, (HO)2C6H3CH2CH2NH2eHCI, 98%, CAS No. 62-31-7) and Serotonin (5-
HT, C10H12N20O, >98%, CAS No. 50-67-9) for standard solutions preparation were
supplied by Sigma-Aldrich (Milano, Italy). Individual stock solutions of BAs (1000 mg/L)
were prepared by dissolving 10 mg of each compound in 10 mL of HClI 0.1 M (Merck
Darmstadt, Germany). Standard working solutions, at various concentrations, were daily
prepared by stock solutions with HCI 0.1 M. Internal standard (IS) solution was prepared
at 10 mg/mL in HCI 0.1 M. Solutions were stored at 4 °C until used.

6.3.3 Urine samples collection and processing

In the present study urine samples of 97 volunteers living in boarding homes and in
private houses were collected and frozen at —80 °C within 1 h after collection until the day
of analysis. The biological samples were collected at two different time points, at baseline
(TO) and after the supplementation with probiotic or placebo (T1). The preparation of the
samples was realized through three phases: deproteinization, derivatization and

purification.
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6.3.4 HPLC-FLD analysis

BAs detection and quantification were performed using a HPLC Agilent 1260. The
chromatographic conditions used were flow rate of 0.8 mL min~%, volume of injection of
20 pL and column temperature of 40°C. Samples were separated on a Kinetex C18 2.6u
100A 100x4.6mm column. Different mobile phases and gradients were tested to better
separate the amines. The HPLC instrument was coupled with an Agilent Fluorescence
Detector. In order to establish the Fluorescence Detector (FLD) acquisition wavelength, a
multi-excitation analysis and a multi-emission analysis were performed the first in the
range of 200 - 400 nm and the second in the range of 400 — 700 nm.

6.3.5 Statistical analysis

Data are expressed in pg/L and were analysed by Tukey's Multiple Comparison Test
(ANOVA) and Student’s T test to detect the differences in BAs levels after the intervention.

Statistical significance was considered when the probability value P < 0.05.

6.4 RESULTS

6.4.1 Extraction and HPLC-FLD method optimization

The quantitative analysis of biogenic amines in urine, like in other complex matrices,
needs a special attention on the sample preparation and cleaning up procedure in order
to obtain complete extraction of the analysed components and removal of proteins and
sample components. In this study, the technique used was the same adopted by Lozanov
et al. (2007) to extract and precipitate proteins during the simultaneous analysis of amino
acids and biogenic amines in biological fluid.

For HPLC-FLD method optimization, different mobile phase systems including
acetonitrile—water and methanol-water in various proportions were tested. Lower
background noise and better symmetric peaks were obtained by Milli-Q H20 (Solvent A)
and MeOH:CH3CN 70:30 v/v (Solvent B). The gradient was optimised as follow to better
separate the eleven amines: 0 min 60% B, 10 min 70% B, 20 min 80% B, 26 min 100% B,
29 min 100% B and 32 min 60% B until 36 min, the analysis time. Under these conditions,
BAs were well separated in a Kinetex C18 2.6 100A 100x4.6mm column. Calibration
curves were obtained by injection of 6 different concentrations of BAs standard solutions

(37.5, 75, 156.25, 312.5, 625 and 1250 pg/L) with the IS and calculating the response
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factor (BA peak area/IS peak area). The linear regression coefficient of all calibration

curves was (R2) higher than 0.990. RSD% values underlined the method precision, by that

were all under 20%. Sensitivity was evaluated by the limit of detection (LOD) and limit of

quantification (LOQ) values. LODs values were from 1.4 pg/L to 18.75 pg/L and LOQs

ranged from 5.63 pg/L to 37.5 pg/L, and these values are in line with recent literature

(Table 1) (Liang et al., 2004; Gosetti et al., 2013; Naccarato et al., 2014; Marakova et al.,

2020).

Table 1. Limit of quantification (LOQ) and Limit of detection (LOD) for each biogenic amine analysed.

BAs Plogenic LOQ (ng/L) LOD (ug/L)
Put Putrescine 7.50 2.81
Cad Cadaverine 5.63 2.81
Spd Spermidine 7.50 2.81
Spm Spermine 5.63 2.81
Pea 2-Phenylethylamine 7.50 5.63
His Histamine 37.50 9.38
5-HT Serotonin 37.50 9.38
Tyr Tyramine 9.38 7.50
DA Dopamine 75.00 37.50
Tryp Tryptamine 9.38 5.63
E Epinephrine 37.50 18.75
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6.4.2 Biogenic amines quantitative determination at baseline

In this study, the method used allowed the quantification of 11 BAs at the same time,
in each urine sample. BAs concentrations were detected at baseline and after the
probiotic/placebo intervention.

The data at baseline conditions are presented in Table 2, where the range of
concentration values for each single and for total BAs is shown. As expected from a
biological matrix as urine, the individual results reported a great variability among
subjects. The data have been organized according to the residence structure into boarding
home and free-living subjects. For each BA, and for the total amount, the detected
minimum and maximum value in the two groups are indicated. According to Table 1, the
guantification of specific BAs in some samples was not achievable, due to the absence of
the compound or to the fact that the values detected are out of the ranges of
guantification and detection.

Cad, Spm, His, 5-HT and DA were detected in some urine samples, as reported in Table
2. For each group of subjects, the frequency (reported as %) of null value for the BA, varies
from 2.9% (in BH subjects) to 64.7% (in FL subjects), but in relation of different BA, Spd in
first case and DA in the second. Table 2 highlights a wide variability of values for each
single BA within each group, describing in general higher BAs concentrations in BH than
FL subjects.

Four BAs were present with detectable value in all analysed samples: Pea, Put, Tyr,
and Spd, although the latter in free-living subjects only. This situation could be due to the
higher concentrations of these BAs in comparison with the others in human urine and to
the lower values of LOQ, that corresponds to a higher sensitivity of the method for these
amines.

On the contrary, Tryp and E were not detected in any samples. One of the reasons
could be the low concentrations or absence of Tryp in human urine, according to the
results of Marakova et al. (Mardkova et al., 2020). E could be present in human urine but
with the method used in this analysis, it showed the highest value of LOQ, so it was not

quantifiable under 37.5 pug/L.
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Table 2. Concentrations of single and total BAs detected in urine samples of boarding home and free-living
subjects at TO. For each BA, the minimum and maximum values are reported (pg/L). The frequency of
subjects in which the BA were not detected, or BA values were > LOD but < LOQ, is expressed as percentage.
BH= boarding home; FL = free-living.

BH SUBIJECTS FL SUBJECTS
Biological
amine MIN-MAX Frequency of null MIN-MAX Frequency of null
(ng/L) value (ng/L) value
Put 29.4-6131.4 0% 10.3-363.6 0%
Cad 5.8-1774.7 17.6% 11.2-271.6 17.6%
Spd 8.5-546.7 2.9% 7.9-1193.3 0%
Spm 8.2-1424.6 11.8% 7.1-614.8 17.6%
Pea 2445 -14169.6 0% 122.1-5207.3 0%
His 95.5-9427.3 11.8% 153.6-2184.1 5.9%
5-HT 66.2-1284.2 73.5% (a) 100%
Tyr 30.5-5796.8 0% 31.7-839.6 0%
DA 147.5-9298.1 35.3% 152.6 - 441.6 64.7%
Tryp (a) 100% (a) 100%
E (a) 100% (a) 100%
TOTAL BAs 1036 — 22899.7 357.3-7464

(a) - null value: BA value not detected, or BA values were > LOD but < LOQ.
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6.4.3 Biogenic amines quantitative determination after intervention

At the end of the intervention, BAs analysis was repeated to evaluate the changes
respect to the baseline profile of probiotic and placebo groups.

Table 3 shows the concentrations of single and total BAs detected in urine samples of
placebo and probiotic group at T1. For each BA, the minimum and maximum values are
also reported (pg/L). The frequency of subjects in which the BA were not detected, or BA
values were > LOD but < LOQ, is expressed as percentage.

Pea and Tyr were detected in the analysed samples of all of subjects. Their detection
could be related to their high concentration in urine samples, or the high sensitivity of the
method used for these amines.

Put, Cad, Spm, His, 5-HT, Spd and DA were not detected in all urine samples, each
group showed a variable percentage of not detected BAs, due to their absence or their
values out of LOD and LOQ ranges.

As observed at baseline, Tryp and E were not detected in any of the samples at T1.
These amines could be absent in the analysed urine samples or out of the detection and
guantification ranges, as reported in Table 1 (Marakova et al., 2020).

The high intra- and inter-variability in each group shown at TO is confirmed after the
dietary intervention (T1). In details, Figure 1 shows the group of polyamines, a group of
BAs comprising Put, Cad, Spd and Spm. These BAs, widely spread in the human body, are
related with cancer cell growth. Put and Spm levels decreased at T1 respect to TO in
probiotic and placebo groups, although with no statistical significance. Spd had an evident
decrease in probiotic group, while in placebo group the level remained unchanged.
Probiotic group showed a non-significant increase in Cad concentration at T1; on the
contrary, placebo group had a decrease in Cad level.

Figures 2 shows the levels of Histamine, Serotonin, Tyramine and Dopamine, they are
considered in group because they act as important messengers and regulators of several
cell functions, including locomotion, cognition, and development. His and DA decreased
the level in either probiotic or placebo groups from TO to T1. Probiotic group had a
decrease in Tyr level respect to placebo one, where it remained stable during time. 5-HT
levels were detected in few urine samples (about 90% of sample was null); considering
the detected concentrations in probiotic group at TO and T1, they were approximately the

same. On the contrary, a decrease was observed in placebo group (Figure 2) at T1. 2-
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phenylethylamine levels are presented in Figure 3, where a common increasing trend is

observed after probiotic and placebo interventions. Figure 4 describes the variation in BAs

total amount, obtained from the mean values of single amines. In this case, an opposite

trend between probiotic and placebo groups is observed. The total BAs level decreased

after probiotic intervention, while the level increased in placebo group. In both cases, the

variations are not statistically significant, probably due to the high variability between

biogenic amines observed in both groups (Figure 4).

Table 3. Concentrations of single and total BAs detected in urine samples of Placebo and Probiotic group at
T1. For each BA, the minimum and maximum values are reported (pg/L). The frequency of subjects in which
the BA were not detected, or BA values were > LOD but < LOQ, is expressed as percentage.

PLACEBO GROUP PROBIOTIC GROUP
Biological
amine MIN-MAX Frequency of null MIN-MAX Frequency of null
(ng/L) value (ng/L) value
Put 15.30-1761.02 10.5% 7.3-3507.0 3.1%
Cad 17.5-570.8 31.6% 7.38-2508.8 28.1%
Spd 8.03 -209.9 10.5% 11.6-451.9 12.5%
Spm 6.1-481.3 26.3% 5.7-427.2 21.9%
Pea 193.6 — 26205.9 0% 211.1-11832.0 0%
His 104.34 —7450.2 36.8% 20.21-2124.4 43.8%
5-HT 73.1-195.1 89.5% 152.15-311.09 87.5%
Tyr 36.0-408.7 0% 10.6 -610.0 0%
DA 103.5-981.0 68.4% 60.4-774.2 62.5%
Tryp (a) 100% (a) 100%
E (a) 100% (a) 100%
TOTAL BAs 506.5 - 33924.4 786.5 - 12667.5

(a) - null value: BA value not detected, or BA values were > LOD but < LOQ.
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Figure 1. Putrescine, Cadaverine, Spermidine and Spermine concentrations in urine samples of placebo
and probiotic supplemented groups at TO and T1. The results are expressed as mean values £ SD (ug/L).
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Figure 2. Histamine, Serotonin, Tyramine and Dopamine concentrations in urine samples of placebo and
probiotic supplemented groups at TO and T1. The results are expressed as mean values + standard
deviation (pg/L).
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Figure 3. 2-phenylethylamine concentration in urine samples of placebo and probiotic supplemented
groups at TO and T1. The results are expressed as mean values + standard deviation (ug/L).
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Figure 4. Total BAs concentration in urine samples of placebo and probiotic supplemented groups at
and T1. The results are expressed as mean values + standard deviation (pg/L).

6.5 DISCUSSION AND CONCLUSIONS

Ageing is a complex process that has adverse consequences on the structure and

function of organs and systems in human body, leading to several age-related morbidities
(Kregel and Zhang, 2007).

Since the recent discovery that BA in biological fluids and tissues can be markers of
different and important diseases in clinical diagnosis medicine, we used BAs as biological

indicators of health. In this study, we assessed the BAs levels in urine samples of elderly

volunteers before and after probiotic supplementation (Gosetti et al., 2013).
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Among BAs, polyamines (PAs) are an important group because their increase in blood
or urine reflects the enhanced levels of PAs synthesis in rapid-growing cancer
tissues/cells, since they are associated with decreased apoptosis, increased cell
proliferation and expression of genes affecting tumour invasion and metastasis (Schipper
et al., 2003; Thomas and Thomas, 2003; Bachrach, 2004; Soda, 2011). Marakova et al.
(2020) demonstrated that Spd was significantly higher in patients with Crohn’s disease
respect to healthy subjects. In our study, the level of Put, Cad, Spd and Spm were
monitored. In probiotic group, a reducing trend of Spd level was observed after
supplementation, suggesting a beneficial effect of probiotics on Gl health. On the
contrary, in placebo group, Spd level remained stable.

Put and Spm levels decreased in both groups, suggesting a lack of specific effect of
probiotic supplementation. It has been observed that a general reduction in polyamines,
especially Put, in serum and urine of healthy human is physiological, since they are
declining progressively with increasing age. It has been noticed also a reduced capacity of
mammalian aged organs for PAs biosynthesis (Scalabrino and Ferioli, 1984). No specific
effect has been shown on Cad, whose levels increased in probiotic group and decreased
in placebo one, in both cases the variation was not significant. The study performed by
Lyon et al. (1983) showed that Cad is toxic at very high doses, and it influences the toxicity
of histamine. Increased levels have been also associated to genetic form of colon cancer
(Pugin et al., 2017).

Also, the determination of other BAs, like catecholamines (CA), is important for
clinical diagnosis. CAs are natural endogenous molecules involved in the regulation of
psychomotor activity, emotional processes, learning, sleep and memory (Thomas and
Thomas, 2003).

Balanced levels of Tyr, DA and 5-HT are important, with octopamine, for proper
locomotion (Civelli et al., 1993). In our study, Tyr levels decreased after probiotic
supplementation, while they remained unchanged in placebo group. Literature reports
lower concentrations of Tyr in healthy volunteers, hypothesizing a beneficial influence of
probiotic supplementation (Mardkova et al., 2020). 5-HT and DA were detected in few
samples (about 90% and 60% are null, respectively), probably due to their age-related
reduction, as reported in several studies (Machado et al., 1986; Rauschenbach et al.,

2011). In our case, DA concentration decreased in probiotic and placebo groups; on the
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other hand, 5-HT levels remained mainly stable after probiotic supplementation and
decreased in the placebo group. Since many elderly develop 5-HT deficiency due to age-
related healthy and brain changes (dementia), poor diet, chronic stress, lack of sun
exposure or insufficient physical exercise, the maintenance of baseline levels in urine is a
positive result (Jenkins et al., 2016).

Together with 5-HT, Pea is involved in the regulation of mood and psychiatric conditions.
Although not directly connected with the supplementation, in our study Pea levels increased
in probiotic and placebo groups, suggesting a potential good psychological health status of
the volunteers. An increase in Pea could be also caused by a unbalanced protein intake with
diet (MacDonald et al., 2020).

High amount of His is associated with inflammatory bowel diseases, in local immune
reactions and related inflammatory responses (Nieto-Alamilla et al., 2016; Marakova et al.,
2020;). In our study, His levels decreased in both groups, a positive trend considering the
inflammatory condition that characterizes ageing.

Finally, Trip and E were not detected in any urine samples of volunteers. Tryp levels
could be very low in urine or absent, as reported by Mardkova et al. (2020). Similar for E,
since current evidence shows that adrenal medullary secretion and release of E are lower
in older people (Esler et al., 2002).

Urine test proved to be inexpensive, quick, non-invasive and useful for clinical
medicine (Bacaloni et al., 2013). Moreover, urine is nowadays the main source of BAs
available, thanks to their longer biological half-life in comparison with plasma samples.
Overall, the effect of probiotic supplementation was observed as a slight trend influencing
some BAs more than others. However, the results remain inconclusive, due to detecting
limitations and high biological variability. This highlights the need for more studies to
investigate the potential mechanisms by which probiotics may influence BAs, and

consequently healthy ageing.
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CHAPTER VII

EFFECTS OF PROBIOTIC SUPPLEMENTATION ON
INFLAMMATORY MARKERS IN THE ELDERLY

7.1 ABSTRACT

Ageing is a complex phenomenon where inflammation plays a key role. In elderly, this
low-grade, chronic inflammatory state is associated with a dysregulation of the immune
system, leading to an increase in the concentration of pro-inflammatory cytokines. Most
of the large, current epidemiologic studies of older adults have included tumour necrosis
factor alpha (TNF- a), interleukin-6 (IL-6), and interleukin-1 (IL-1) as markers of
inflammageing and age-related diseases and disability. Another potential marker of
longevity genes on ageing and life span, acting in the mediation of these factors, seems
to be Insulin-like growth factor 1 (IGF-1). Several studies revealed an inverse relationship
between increased levels of cytokines and inflammatory markers and muscle
strength/power in elderly. In our study, we aimed to determine the gene expression
pattern, at the transcript and the protein level, of TNF-a and IGF-1 in an elderly
community supplemented with probiotics-based diet. Firstly, our results showed a
significant increase in circulating levels of IGF-1 in probiotic group, respect to placebo-
supplemented one, in contrast with the expected reduction in elderly subjects, suggesting
an IGF-1 modulation by GUT microbiota. As second findings, we evaluated TNF-a levels
and its gene expression that resulted partially influenced by the dietary intervention. A
significant increase was reported in mRNA expression of TNF-a in probiotic-supplemented
group respect to placebo group. Moreover, the concentration of TNF-a decreased in both
groups, even if without significance, suggesting that the probiotic supplementation didn’t
directly affect this parameter. In conclusion, the data analysed indicate that the probiotic
supplementation used can modulate the GH/IGF-axis with positive effects on the
pathogenesis of sarcopenia and other age-related morbidities. Also, the gene expression
of TNF-a seems to be modulated by the supplementation, although no direct effect on

the reduction of pro-inflammatory cytokines was observed.
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7.2 INTRODUCTION

Ageing is characterized by physiological decline of biological functions. In humans, the
ageing phenotype is extremely heterogeneous and influenced by the interaction of
environmental, genetic and epigenetic alterations accumulated throughout the lifetime
(Khan et al., 2017). In the complex process of ageing, the key role of inflammation has
been clearly established in several epidemiologic studies. In older adults, this low-grade,
chronic systemic inflammatory state is accompanied by dysregulation of the immune
system, leading to an increase in the concentration of pro-inflammatory cytokines (Calder
et al., 2017; Rea et al., 2018; Hutchinson et al., 2020;).

Among all the components of inflammageing, the most used in clinical practice as
markers of age-related diseases and disability are: tumour necrosis factor-a (TNF-a),
interleukin-1 (IL-1), and interleukin-6 (IL-6) (Singh and Newman, 2011; Baylis et al., 2013;
Chung et al., 2019).

The molecular pathways involved in inflammageing are continuously object of study;
another potential marker seems to be Insulin-like growth factor 1 (IGF-1), that is involved
in mediating the effects of longevity genes on ageing and life span (Bartke et al., 2003).

IGF-1, also called somatomedin C, isa hormone similar in molecular structure to
insulin. It is produced mainly in the liver and plays an important role in the first decades
of life in the regulation of normal development and growth (Burgers et al., 2011). It acts
as key regulator of cell proliferation and as inhibitor of cell apoptosis and necrosis
(Ohlsson et al., 2009). In adults, IGF-1 has also important anabolic actions on the skeletal
muscular system with stimulation of protein synthesis, improvement of the glycaemic
profile and stimulation of production of nitric oxide with a positive effect on the
endothelial functions of different districts. A recent topic of research has been the
relationship between ageing and modification of activity of the growth hormone (GH)-
IGF-1 axis (Vitale et al., 2019).

With ageing, the reduced biological activity of the GH-IGF-1 axis and the reduced
secretion of GH (and IGF-1) occur gradually in both sexes throughout life, until only low
levels can be detected in individuals aged 260 years (Krysiak et al., 2009; Vitale et al.,

2019).
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This phenomenon is called “somatopause” (Krysiak et al., 2009). Somatopause is
associated to changes in body composition, metabolism, bone structure, physical
performance, cardiovascular system functions, and increased morbidity and mortality
(Krysiak et al., 2009; Vitale et al., 2019).

A similar profile is observed in adults with GH deficiency, who are affected by a
reduction of bone and muscle mass and strength, an increased fat mass, dyslipidaemia,
arterial hypertension, and cognitive decline (Vitale et al., 2019). Numerous observational
studies documented a relationship between low IGF-1 levels and sarcopenia, frailty,
cognitive changes and metabolic alterations such as metabolic syndrome and diabetes
(Sonntag et al., 1999; Barbieri et al., 2003; Ferrucci and Fabbri, 2018). These studies,
conducted on elderly subjects, have also suggested for IGF-1 a role as nutritional marker
and its involvement in the development and progression of cardiovascular diseases
(atherosclerosis, ischemic heart disease, stroke). In details, low IGF-1 levels have been
associated with the development of ischemic heart disease and stroke while other
population studies showed an association between high IGF-1 levels, but still within the
normal range, and an increased risk of neoplasms. Since IGF-1 system has several
pleiotropic effects on ageing phenomena, it has been studied in both animals and
humans, proposing it as one of the potential longevity markers, despite some conflicting
observations (Junnila et al., 2013). Experimental studies conducted on nematodes and
mice have shown that the reduction of GH-IGF axis activity seems associated with
longevity, but data obtained from human studies didn’t confirm (Vitale et al., 2019).

In elderly subjects, decreased as well as increased IGF-1 levels have been associated
with a reduced life expectancy suggesting a U-shaped relationship between IGF-1 and
mortality (Burgers et al., 2011). Moreover, some studies have shown an association
between low levels of IGF-1 and an increased risk of cardiovascular disease while others
a positive relationship between IGF-1 and cancer risk. So, it seems to exist an optimal set-
point between the modifications of the biological activity of the axis GH-IGF-1 and
longevity (Maggio et al., 2013).

Another aspect of ageing is the increased inflammatory activity in the blood, including
higher circulating levels of TNF-a and other pro-inflammatory cytokines. Our interest was
mainly focused on the TNF-a level in blood since it is another major player in the immune

response as pro-inflammatory cytokine. TNF-a level increases with age and is associated
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with age-related diseases; this pro-inflammatory mediator can also have a beneficial
effect when it acts locally in the tissues, but it can be highly harmful when released
systemically.

Clinical studies reported increased circulating TNF-a levels with ageing, suggesting an
association with age-related degenerative pathologies; high plasmatic levels were found
in type 2 diabetes mellitus and were associated with lower muscle mass and strength in
older people (Lechleitner et al., 2002).

With increasing evidence of an association between TNF-a levels and age-related
diseases, research has focused on the use of TNF-a inhibitors as drugs for the treatment
and prevention of cardiovascular damage and Alzheimer’s disease (Rea et al., 2018).
Alzheimer’s disease represents one of the most serious and severe health problems for
elderly, because it is the main cause of dementia worldwide. There are many cytokines
involved in the modulation of this kind of neuroinflammation, but TNF-a seems to play a
crucial role in adults, both at the central and peripheral level. In this regard, many data
show a positive correlation between TNF-a and Alzheimer’s in both animal and human
models (Pisa et al., 2017; Silva et al., 2019).

On the other hand, less known is the involvement of TNF-a in the occurrence of
neoplastic phenomena; recent data seem to suggest the presence of an expression
pattern of this cytokine associated specifically with the stage of tumorigenesis.

However, scientific literature shows quite clearly that TNF-a is a pleiotropic cytokine
capable to modulate multiple homeostatic mechanisms, including the balance of the
intestinal microbiota in the elderly population (Atzeni and Sarzi-Puttini, 2013; Nagpal et
al., 2018). Indeed, TNF-a is considered the "master regulator" of inflammageing, that
determines the onset of mitochondrial dysfunction, resulting in oxidative stress and
alteration of the intestinal microbiota (Calder et al., 2017).

This chronic inflammatory state, through an alteration in the balance between the
processes of synthesis and protein catabolism, is associated with reduced muscle mass
and strength (sarcopenia), reduced plasma concentrations of IGF-1 and it is believed to
potentially trigger or promote the development of major age-related diseases (Degens,
2010).

In addition to the other functions, IGF-1 is also involved in the modulation of

inflammatory response and could therefore be a key element in the systemic effects of
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the intestinal microbiota. During ageing, in fact, the alterations of microbial homeostasis
and intestinal permeability involve a translocation in the blood stream of microbial
products. These products, in particular lipopolysaccharides (LPS), promote a systemic
inflammation that is potentially responsible for muscle atrophy and consequent
deterioration of the quality of life of the elderly subject.

According to the presence of an inverse relationship between inflammation, seen as
an increase in cytokines (and inflammatory markers), and muscle strength/power, we
aimed to assess the balance between the inflammatory state and anti-inflammatory
factors by determining the gene expression pattern, at the transcript and the protein
level, of the two main markers involved in this process (TNF-a and IGF-1) in an elderly
population supplemented with probiotic functional foods.

This part of PROBIOSENIOR Project was in line with both primary and secondary
objectives of the study that were focused on the evaluation of the effects of a probiotic
supplementation on the reduction of low-grade inflammation in elderly, from the
evaluation of GUT microbiota and immunological status to other aspects of general health

status.

7.3 MATERIALS AND METHODS

7.3.1 Quantification of mMRNA and protein expression by qPCR and ELISA
7.3.1.1 RNA Extraction from White Blood Cells

The blood samples of elderly subjects enrolled were collected by the nursing staff
involved in the project. After collection, the blood samples were immediately frozen and
properly transferred to the laboratory of URDIS of ‘University of Camerino’, in San
Benedetto del Tronto (Italy) in order to be processed and analysed, in collaboration with
the team of Prof. Francesco A. Palermo.

Peripheral blood samples were distributed into tubes containing EDTA. The blood
collected (3 ml) was diluted (1:1 v/v) with phosphate buffer salt (PBS) and mononucleate
cells (PBMC) were isolated by centrifugation in gradient density, using Histopaque-1077
(1,077+0,001 g/ml; Sigma-Aldrich) according to the indications of the manufacturer. The
fraction containing the PBMCs was transferred into a sterile test tube containing 1 ml of

Trizol™ LS Reagent (Invitrogen Life Technologies, Milan, Italy) and the total RNA was
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extracted following the protocol provided by the company (Thermo Fisher Scientific). The
guantity and purity of RNA were assessed spectrophotometrically at absorbance of

260/280 nm.

7.3.1.2 Reverse Transcriptase-Polymerase Chain Reaction

The total RNA was treated with DNase (2U, 30 min at 37°C; Ambion) to eliminate
contamination by genomic DNA. The effectiveness of treatment with DNase was then
verified by performing a PCR in the which RNA treated with DNase was used as template.
RNA extracted was reverse transcribed into cDNA using 5X All-in-One RT MasterMix kit,
according to manufacturer’s instruction (Invitrogen Life Technologies, Milan, Italy). The

resulting cDNA was stored at -20°C until processing.

7.3.1.3 Real Time PCR analysis

For molecular analysis, a quantitative PCR based on the detection of amplified with
the SYBR green method using the ABI 7300 (Applied Biosystems) system was performed.
Specific primers were used for the amplification of target genes (Table 1). The expression
value was normalized comparing with that of a constitutively expressed gene
(Glyceraldehyde-3-phosphate dehydrogenase, GAPDH). For the reaction was mixed 10 pl
of BlasTag™ 2X gPCR MasterMix, 0.5 pl of FW primer (10 um), 0.5 pl of RV primer (10
um), 2 ul of cDNA and 7 ul of H,O-DEPC. After the enzyme activation at 95°C for 3 minutes,
the following cyclic thermo-profile was performed: denaturation 95°C for 15"; annealing-
extension 60°C for 60" TNF-a and GAPDH, 61°C for 60" for IGF-1. The analysis of the
dissociation curve (Tm), carried out by monitoring the signal of fluorescence during the
increase of temperature from 60°C to 95°C for 15”, showed that a single amplified
containing the region of interest was generated. The results were calculated using the
cycle threshold comparison method (ACt = Ctgene target - Ctearpn), With CtTG as the threshold

cycle of the target gene and CtRG as the threshold cycle of the reference gene.
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Table 2. List of Primers used in the study.

Gene Primer sequence (5'-3') Product (bp) Reference
GTCAACCTCCTCTCTGCCATC
TNF-a 188 (Tamtaji et al., 2017)
CAAAGTAGACCTGCCCAGA
CATGTCCTCCTCGCATCTCTA
IGF-1 212 (Zhang et al., 2018)
GCAGCACTCATCCACGATA

AAGCTCATTTCCTGGTATGACAA
GAPDH 126 (Tamtaji et al., 2017)
CGTCTTCCTCTTGTGCTCTTGCTGG

7.3.1.4 ELISA analysis
For the measurement of plasma levels of TNF-a and IGF-1, Human TNF-a and Human
IGF-1 ELISA Kits were used, following the protocols provided by the manufacturer
(MyBiosource In., San Diego, CA, USA). The absorbance (ABS) of each well was measured

at 450 nm using a microplate reader (Biochrom™).

7.3.1.5 Statistical analysis
Data were analysed by One-way analysis of variance (ANOVA) and Tukey's Multiple
Comparison Test, in order to evaluate the differences between the supplementations
used at different time points. Statistical significance was considered when the probability

value P<0.05.

7.4 RESULTS

7.4.1 TNF-a and IGF-1 levels at baseline

The molecular analysis of circulating factors and gene expression was carried out on
97 blood samples before (TO) and after (T1) the probiotic and placebo dietary
intervention. Figures 1, 2 and 3 show respectively the results of mRNA expression of TNF-
a, normalized for the housekeeping gene GAPDH, TNF-a and IGF-1 plasma concentration
(expressed in pg/ml) at baseline conditions. The results at TO were analysed and
represented considering the residence structure and the gender, with the aim to
appreciate the any variations and differences between them.

The TNF-a expression was characterized by a high variability between genders,

showing an increased expression level in females respect to males. In addition, a
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statistically significant difference was evidenced analysing the residence structure of
volunteers; higher levels were detected in people living in boarding home than in private
houses (Figure 1).

Plasma circulating levels of TNF-a seem to be not influenced by gender, showing in
females and males a very similar concentration. On the contrary, as confirmed by its
expression in Figure 1, TNF-a levels were significantly different according to the living
place, showing higher values in volunteers in boarding homes than in private houses
(Figure 2).

Analysing plasma levels of IGF-1, similar basal concentrations were observed in
females and males. In line with the results reported for TNF-a, IGF-1 concentration

increased referring to people living in boarding homes (Figure 3).
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Figure 1. Box and whiskers plot (P5-P95) of mRNA expression of TNF-a at TO (n=97). BH: boarding home
subjects; FL: free-living subjects. F: females; M: males. *Significantly different (P<0.05) from TO by Tukey’s
test, One-way ANOVA.
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Figure 2. Box and whiskers plot (P5-P95) of plasma levels of TNF-a (pg/mL) at TO (n=97). BH: boarding home

subjects; FL: free-living subjects. F: females; M: males. *Significantly different (P<0.05) from TO by Tukey’s
test, One-way ANOVA.
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Figure 3. Box and whiskers plot (P5-P95) of plasma levels of IGF-1 (pg/mL) at TO (n=97). BH: boarding home
subjects; FL: free-living subjects. F: females; M: males.
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7.4.2 TNF-a and IGF-1 levels after intervention

The molecular analysis of circulating factors and their gene expression was repeated
at the end of dietary intervention, to evaluate the changes occurred after probiotic and
placebo supplementation.

Figure 4 represents the mRNA expression of TNF-a in probiotic and placebo group.
The results reported a significant increase of gene expression at T1 respect to TO, after
probiotic supplementation. A slight, but nonsignificant, increment was observed also in
the control group at T1 (Figure 4).

The levels of plasma circulating TNF-a at T1 are reported in Figure 5. It is possible to
appreciate that the basal levels of TNF-a were comparable between the two groups
analysed and that there was no significant difference in the protein concentrations after
probiotic and placebo supplementation. A slight decrease in the mean values was
observed in both groups (Figure 5). Different were the effects of the supplementation on
IGF-1 levels at T1, shown in Figure 6. The results reported a statistically significant increase
in IGF-1 concentration in probiotic group. The same trend was observed in placebo group,
but without significant differences. In both groups, a higher intra-variability was observed

at T1 compared with TO (Figure 6).
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Figure 4. Box and whiskers plot (P5-P95) of mRNA expression of TNF-a at TO and T1, in probiotic and placebo
groups (n=97). *Significantly different (P<0.05) from TO by Tukey’s test, One-way ANOVA.
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Figure 5. Box and whiskers plot (P5-P95) of plasma levels of TNF-a (pg/mL) at TO and T1, in probiotic and
placebo groups (n=97).
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Figure 6. Box and whiskers plot (P5-P95) of plasma levels of IGF-1 (pg/mL) at TO and T1, in probiotic and
placebo groups (n=97). *Significantly different (P<0.05) from TO by Tukey’s test, One-way ANOVA.

7.5 DISCUSSION AND CONCLUSIONS

Ageing is characterized by physiological decline of biological functions (Khan et al.,

2017). In the complex process of ageing, low-grade inflammation plays a key role in the
risk to develop age-related diseases and disabilities. In elderly people, an increase in the

low-grade inflammatory markers associated with chronic conditions of ageing has been
observed (Singh and Newman, 2011).
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In this part of PROBIOSENIOR Project, that aimed to evaluate the effects of a
probiotics-based diet on the low-grade inflammation in clinically healthy older people, we
focused on the gene expression pattern, at the transcript and the protein level, of the two
main markers involved in this process: TNF-a and IGF-1.

The results obtained at baseline showed that plasma levels of TNF-a were in line with
those measured in clinically healthy subjects, with normal values of 75 +/- 15 pg/ml
(Damas et al., 1989). Significant variations were observed between different residence
structures, since higher TNF-a levels were detected in people living in boarding homes
than private houses. The same trend was observed for mRNA expression of TNF-a, with
statistically significant different values in boarding home and free-living subjects. This
variability was expected by a heterogenic community with different habits, lifestyle, and
health status. Indeed, several studies examined diet and lifestyle factors that could
influence inflammation, oxidative stress, and the functional role of these
immune/inflammation response genes, suggesting a strong correlation between them
(Slattery et al., 2014a, 2014b).

On the contrary, circulating levels of IGF-1 at baseline showed a slight difference
between people living in boarding homes and private houses, although without
significance. Our results revealed that IGF-1, TNF- a and its gene expression were not
influenced by the gender, as confirmed by literature. Studies hypothesize that gender-
specific factors, such as hormones levels, may potential influence IGF-1 concentration,
but it still needs further investigation (Ho et al., 2006). Current data suggest that the
existing sex differences in IGF-1 levels, when present, are small in general healthy
individuals (Aimaretti et al., 2008; Friedrich et al., 2010).

At the end of the dietary intervention, some interesting findings have been
demonstrated.

Firstly, the study revealed a significant increase in circulating levels of IGF-1 in
probiotic group, respect to placebo-supplemented one. These positive results are in
contrast with literature, since in elderly, the hormones promoting muscle cells growth,
such as growth hormone (GH) and insulin-like growth factor-1 (IGF-1), generally decrease
(Brabant and Wallaschofski, 2007; Friedrich et al., 2010; Sattler, 2013).

Moreover, in sarcopenia and frailty conditions, increasing evidence suggests that the

age-related low signalling of GH, IGF-1 and hormones are associated with the their
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incidence and pathogenesis (Sorenson et al., 2008; Dai et al., 2010; Kim and Choi, 2013;
Basualto-Alarcén et al., 2014; Cesari et al., 2017).

Recent studies revealed also the role of microbiota in the skeletal growth and
homeostasis, describing a more complex interconnected system, the gut microbiota-
skeletal muscle axis (Neish, 2009; Yan et al., 2016; Lahiri et al., 2019). The results obtained
in our study agree with recent literature on the microbiota’s ability to modulate
circulating levels of IGF-1 in the host by increasing its synthesis (Yan et al., 2016; Yan and
Charles, 2018). The increase of IGF-1 determines a stimulation of the somatotropic axis
with very important effects both on the regulation of the "bone remodelling” and on
muscle atrophy, two important aspects in elderly.

However, the specific mechanisms affecting IGF-1 variation and the pathways by
which the microbiota modulates IGF-1 synthesis at systemic or local level are still poorly
understood. The short-chain fatty acids (SCFAs) production by microbial metabolism may
be one mechanism by which microbiota increases IGF-1 levels, both in the direct
activation of the IGF-1 production at tissue level and in the indirect way mediated by the
GH release at pituitary level (Yan et al., 2016). Another potential underlying mechanism
of muscular system function changes is the age-related variation of biogenic amines levels
(Rauschenbach et al., 2011; Seid and Traniello, 2005).

The second findings of this study were referred to TNF-a levels and its gene
expression that resulted partially influenced by the dietary intervention. We observed a
significant increase in MRNA expression of TNF-a in probiotic-supplemented group
respect to placebo group, although a slight variation was noted.

Several researches demonstrate the ability of probiotics to modulate the immune
system, but just few studies describe the mechanisms of action of these microorganisms,
that were not completely established (Bermudez-Brito et al., 2012; Plaza-Diaz et al., 2017,
Pistol et al., 2019; Plaza-Diaz et al., 2019). It has been also hypothesized the interaction
between probiotics and cell signalling pathways related to inflammatory processes,
suggesting the importance of strain specificity (Taranu et al., 2018).

Although clinical studies reported increased circulating TNF-a levels with ageing, and
its correlation with age-related diseases, in our study the concentration of TNF-a

decreased in both groups, even if in a not significant manner (Lechleitner et al., 2002).
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The obtained results suggest that the probiotic supplementation didn’t directly affect this
parameter.

In conclusion, the data analysed would seem to indicate that the probiotic
supplementation used is able to modulate the GH/IGF-axis with positive effects on the
pathogenesis of sarcopenia and other age-related morbidities. In addition, also the gene
expression of TNF-a seems to be influenced by the supplementation, although it did not

have a direct effect on the reduction of pro-inflammatory cytokines.
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CHAPTER VIII

IMPACT OF PROBIOTIC SUPPLEMENTATION ON hsCRP
CONCENTRATION AND HAEMATOLOGICAL PARAMETERS

8.1 ABSTRACT

Increasing evidence demonstrates that high sensitivity C-reactive protein (hsCRP) is
not only an international recognized marker of low-grade chronic inflammation, but also
an important risk factor associated with age-related diseases, including cardiovascular
disease, hypertension, diabetes mellitus, and kidney disease. This study investigated the
effects of 24-week probiotic functional foods-based diet on the reduction of plasma
concentration of hsCRP in elderly subjects; general haematological parameters were also
monitored for evaluating the physiological and pathological conditions. 97 elderly
volunteers met inclusion criteria and were enrolled in the study. Blood samples were
collected at baseline (TO) and at the end of the supplementation (T1) for hsCRP
determination and haematological measurements. The main outcome of the study was
the significant reduction of hsCRP levels in probiotic group, respect to placebo (P<0.05).
Considering different supplementation time, the 6-month probiotic intervention resulted
significantly more effective than the shorter one (<6 months). Finally, probiotic
administration did not contribute to significant changes in blood parameters, although an

improving in lipid profile was observed (P>0.05).
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8.2 INTRODUCTION

Inflammageing plays a key role in vascular damage (CVD) and insulin resistance,
increased risk of developing type 2 diabetes, cancer, sarcopenia, frailty, and
neurodegeneration (Bruunsgaard et al., 2003; Payette et al., 2003; Vasan et al., 2003; Xu
et al., 2003; Bruunsgaard, 2006; Trichopoulos et al., 2006; Tan et al., 2007; Wen et al.,
2011; Beyer et al., 2012; Collerton et al., 2012; Jenny et al., 2012; Quaglia et al., 2014).
Moreover, some research data suggest that low-grade inflammation has also predictive
roles in mortality in elderly individuals affected by various pathologies, but other studies
report conflicting opinions (Bruunsgaard et al., 2003; 2006; Jylha et al., 2007; Alley et al.,
2008; Wassel et al., 2010; Giovannini et al., 2011; Beleigoli et al., 2013; Ferrando-Martinez
et al.,, 2013). Many studies investigate the use of various inflammatory biomarkers as
predictors of health status in elderly subjects (Pepys and Hirschfield, 2003). Among the
most commonly used indicators, high sensitivity C-reactive protein (hsCRP) is an
internationally recognized marker of low-grade inflammation (Pearson et al., 2003). CRP
levels increase in an age-dependent manner, due to proinflammatory cytokines that
stimulate the synthesis (Ahmadi-Abhari et al., 2013). In addition, lower concentration was
observed in healthy older adults than in people with age-related diseases or disability
(Puzianowska-Kuznicka et al., 2016). Besides age, many other factors can alter baseline
CRP levels including gender, smoking status, weight, lipid levels, and blood pressure (Hage
and Szalai, 2007). In the current literature, the most common diseases and conditions
associated with increased CRP levels in older patients are: CVD and hypertension,
diabetes mellitus, chronic kidney injury, neurodegenerative pathologies, sarcopenia and
also mortality (Tracy et al., 1997; Cesari et al., 2003; Makita et al., 2005; de Rekeneire et
al.,, 2006; Labonté et al., 2012; Song et al.,, 2014; 2015; Costello-White et al., 2015;
Panickar and Jewell, 2015; Hosford-Donovan et al., 2016; ; Tegeler et al., 2016; Velissaris
et al., 2017).

Indeed, in older adults without subclinical diseases at baseline, CRP was identified as
a strong predictor of CVD (Cesari et al., 2003). In specific cases, it can be used as marker

of advanced atherosclerosis and future acute risk of CV events (Li et al., 2007).
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In elderly, increased CRP levels has been associated also with a reduction in physical
functioning, subnormal levels of sex hormones and metabolic syndrome (Sattar et al.,
2008; Kupelian et al., 2010; Fu et al., 2016; Sousa et al., 2016).

Another important role of CRP is as independent risk factor for impaired fasting
glucose, impaired glucose tolerance and diabetes. Elevated haemoglobin Alc (HbAlc, %)
and blood glucose levels are correlated with circulating levels of CRP in elderly (85 years
old) (Wijsman et al., 2012).

Available evidence show that CRP is strongly associated with neurodegenerative
diseases. In older adults affected by Parkinson’s disease, CRP levels are significantly higher
than in healthy subjects (Song et al., 2014; Akil et al., 2015). Moreover, the risk of
incidence of CVD in Parkinson’s disease patients with high CRP levels is increased (Hassin-
Baer et al., 2011). Another cross-sectional study reported that CRP plays a functional role
in its pathogenesis and may be useful to assess Parkinson’s disease severity (Zhang et al.,
2011). Also Alzheimer’s disease is influenced by elevated levels of CRP, leading to reduced
cognitive function and survival time (Nilsson et al., 2011; Szewieczek et al., 2015). In these
patients, also more severe dementia was observed (O’Bryant et al., 2010).

Although CRP is involved in several inflammatory processes and host responses to
infection, it should not be used as the only predictor of CVD and other age-related
pathologies in elderly people, because its action can vary in different clinical settings.

The measurement of blood parameters in elderly is a valuable and safe supporting
instrument for evaluating the biological, physiological, and pathological conditions of
subjects. Although the blood count is one of the most common and used tests for health
assessment, it is difficult to define a reference population for laboratory assessment,
because of the higher incidence of chronic morbidities in elderly (Zierk et al., 2020).
Several studies examined the age-related physiological changes in clinical parameters and
their association with obesity, hypertension, type 2 diabetes mellitus, kidney disease and
other conditions.

It has been observed that ageing is associated with substantial changes in body
composition, with a redistribution of a higher body fat and a reduced fat-free mass
(Baumgartner et al., 1995; Beaufrere and Morio, 2000; Villareal et al., 2005).

Also the prevalence of hypertension increases linearly with age (Murakata et al.,

2015). Murakata et al. (2015) observed in their study a close correlation of fasting plasma
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glucose level or blood haemoglobin Aic content with age. They evaluated the correlation
referred to fasting plasma glucose level or for blood haemoglobin Aicin longitudinal data
for all the subjects under study. Also the lipid profile has been assessed, showing an
increase in triglyceride and total cholesterol level with age. The gender seems to influence
the variations of HDL- and LDL-cholesterol during ageing. However, the mechanisms
responsible for the development of dyslipidaemia with age remain partially unclear.

Among the clinical parameters to monitor, the serum creatinine has been object of
study to assess renal functionality. The age-related physiological changes result in an
impairment of kidney function, increased creatinine level and development of CKD,
whereas eGFR declines (Coresh et al., 2007; Yamagata et al., 2007; Weinstein and
Anderson, 2010).

Our project aimed to evaluate the effects of 24-week probiotic functional foods-
based diet on the reduction of plasma concentration of hsCRP in healthy elderly people.
HsCRP was selected as primary target, because of its role as marker of inflammation and
other age-related diseases mentioned above. HsCRP cut offs of less than 1 mg/I, 1-3 mg/I,
and greater than 3 mg/l are commonly used for cardiovascular risk discrimination,
especially among people with the metabolic syndrome, and incident diabetes (Musunuru
et al., 2008). The levels of hsCRP in the blood are between 1 and 3 mg/Il in the 70% of
elderly population, and higher than 3 mg/l in the 30% (Imhof et al., 2003). Participants
with hsCRP >1 mg/l were eligible and enrolled in our clinical study. Moreover, we
measured general blood parameters to evaluate the health status of volunteers and
record any changes after probiotic supplementation.

The principal claimed benefits of probiotics in elderly people are related to GUT
environment, modulating the age-related gut microbiota imbalance, improving intestinal
barrier function and gastrointestinal motility, and protecting against pathogens (Jenks et
al., 2010; Hutchinson et al., 2021). In addition to all these effects, probiotics are largely
studied because they have a role in either preventing or improving the outcomes of
several health conditions, such as obesity, insulin resistance, type 2 diabetes, non-
alcoholic fatty liver disease, cancer, and immunodeficiency (Alipour et al., 2014; Sdez-Lara

et al., 2016).
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8.3 MATERIALS AND METHODS

8.3.1 Blood samples

Blood samples of 97 volunteers were collected into BD Vacutainer® tubes (Becton
Dickinson, NJ, USA), were delivered to the Fioroni laboratory (San Benedetto del Tronto,
AP, Italy) and analysed within 24 h. The samples were collected before the
probiotic/placebo supplementation (TO) and within one day from the end of the
treatment (T1). Blood samples were used for hsCRP determination by
immunoturbidimetric method. An aliquot of the same samples was used for general
haematological measurements. The blood tests performed determined: leukocytes,
erythrocytes, haemoglobin, haematocrit, mean corpuscular volume (MCV), mean
haemoglobin (Hgb) concentration, mean corpuscular Hgb concentration (MCHC), red cell
distribution width (RDW), platelets, neutrophils, eosinophils, basophiles, lymphocytes,
monocytes, AST- and ALT- transaminases, lipid profile, glycaemia, blood urea, calcium,

creatinine, sodium, potassium, calcium, albumin.

8.3.2 Statistical analysis
Data were analysed by One-way analysis of variance (ANOVA) (Tukey's Multiple
Comparison Test), Mann-Whitney-Wilcoxon, and t-test. Statistical significance was

considered when the probability value P<0.05.

8.4 RESULTS

8.4.1 HsCRP and haematological parameters determination

At baseline conditions, all enrolled subjects had a hsCRP level >1 mg/l. HsCRP
distributions among men and women were very similar, without showing significant
differences (data not reported). The effects of supplementation were observed analysing
the difference of hsCRP value occurred between the end of supplementation (T1) and the
starting time (TO0), in probiotic and placebo group (Figure 1). In probiotic group, the hsCRP
difference value was statistically significantly higher than that in the placebo group
(p<0.05), showing the 6-month supplementation influenced on the low-grade
inflammatory status of the subjects. Within the probiotic group, 33 out of the 103 enrolled

subjects did not complete the experimental phase, taking the supplementation for three
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months instead of six. Considering the two different periods of treatment, 6 month-
supplementation showed a significant effect (p<0.05) on the protein level of the subjects,
respect to those of a shorter one (<6 months), suggesting the important role of the

supplementation time (Figure 1).

Difference from TO

10 4
8
P<0.05
6 1 L i
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2+ : ]
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Placebo Probiotic Probiotic Probiotic

group group 6 months < 6 months

Figure 1. Difference values of hsCRP level between TO and T1 related to the two experimental
groups and times of probiotic supplementation.

The effect of probiotic dietary intervention on haematological parameters of the
subjects are shown in Table 1 and Figure 2. Table 1 reports the mean values of all the
blood parameters analysed in placebo and probiotic group, at two different time points
(TOand T1). There are no statistically significant differences in the levels between the two
groups. However, despite a high inter-variability was observed in each group, all the
parameters remained within the reference ranges.

Figure 2 compares the lipid profile at TO and T1 of the two groups under study.
Overall, no statistically significant differences between treatments were found for total
cholesterol, HDL- and LDL-cholesterol, and triglycerides. However, a positive increasing
trend was observed between TO and T1 in the subjects receiving probiotic
supplementation. On the contrary, the other parameters maintained the same levels of

baseline, with just little variations.
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Table 1. Blood parameters at TO and T1 in placebo and probiotic group. Results expressed as means + SD. P:
significance levels between TO vs T1 in placebo and probiotic group. NS: differences not statistically significant

= PLACEBO (MEAN # SD) PROBIOTIC (MEAN * SD)
TO T1 P T0 T1 P

Leukocytes (thousand x mm?3) 6.45+1.76 6.4611.66 NS 6.27+1.81 6.35+1.8 NS
Erythrocytes (million x mm3) 4.41+0.55 4.4+0.58 NS 4.37+0.61 4.28+0.66 NS
Hgb (gr/dl) 17.51+22.94 12.95+1.67 NS 12.83+1.7 12.46+1.75 NS
Haematocrit (%) 39.51+4.77 39.3845.12 NS 38.71+4.86 37.824¢5.09 NS
MCV (fl) 89.80+4.74 89.48+4.79 NS 88.93+4.61 88.6615.14 NS
Mean Hgb concentration

29.88+2.12 29.51+1.99 NS 29.46%1.95 29.26%2.03 NS
(picograms)
MCHC (gr/dI) 32.89+1.79 33+0.97 NS 33.13+1.14 33.3+2.41 NS
RDW (%) 17.20+10.21 13.610.91 NS 16.29+7.79 13.8+1.13 NS
Platelets (thousand/mm3) 204.26150.72  204.37+38.69 NS 221.55+65.67  229.79+63.04 NS
Neutrophils (%) 58.54+7.97 72.8+86.65 NS 57.07+8.84 56.75+10.48 NS
Eosinophils (%) 3.83+2.21 3.32+1.93 NS 3.26+1.66 3.55+1.67 NS
Basophils (%) 0.74+0.35 0.69+0.32 NS 0.81+0.56 0.7510.44 NS
Lymphocytes (%) 29.4949.09 31.67+8.14 NS 29.9619.04 30.1349.14 NS
Monocytes (%) 9.42+4.86 8.32+1.88 NS 8.3812.4 8.85+2.33 NS
AST-transaminase (Enzyme

20.7849.52 19.97+8.43 NS 19.81+7.17 20.5516.22 NS
unit/L)
ALT-transaminase (Enzyme

14.25+7.13 14.7146.54 NS 17.6849.8 19.84+15.81 NS
unit/L)
Cholesterol (mg/dl) 180.48+37.12  178.85+39.15 NS 179.64+42.95  174.55+37.51 NS
HDL cholesterol (mg/dl) 47.37+11.17 49.78+17.99 NS 49.74+11.09 55.97+48.13 NS
LDL cholesterol (mg/dl) 115.63+34.97 114+38.57 NS 112.67+36.79 109.6+34.03 NS
Triglycerides (mg/dl) 126.65453.00 124+69.24 NS 130.59+64.02  127.21+58.78 NS
Glycaemia (mg/dl) 94.22+32.17 89.81+21.94 NS 98.67+45.95 97.69436.84 NS
Blood urea (mg/dl) 42.34+17.39 46.19+19.38 NS 49.79+21.27 51.27426.97 NS
Creatinine (mg/dl) 1.01+0.44 0.97+0.4 NS 1.03+0.31 1.0240.36 NS
Sodium (mmol/L) 140.4442.56 135.81+24.44 NS 139.83+2.46 140.2442.1 NS
Potassium (mmol/L) 4.2+0.46 4.38+0.44 NS 4.34+0.39 4.54+0.41 NS
Calcium (mEq/L) 6.68+2.49 6.68+2.6 NS 7.55+2.39 7.42+2.47 NS
Albumin (g/dl) 8.94+26.79 3.79+0.33 NS 3.85+0.35 3.79+0.33 NS
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Figure 2. Total cholesterol, HDL- and LDL-cholesterol, and triglycerides concentrations in probiotic and
placebo group, at TO and T1. Results expressed as means + SEM (n=97).

8.5 DISCUSSION AND CONCLUSIONS

Chronic inflammation is considered a key factor contributing to ageing, and evidence
reveal that this pathophysiological process can be modulated. The physiology of ageing
and mechanisms responsible for age-related diseases and disorders are continuously
investigated. Therefore, the main objective of the present study was to investigate the
effects of a probiotics-based diet on the low-grade inflammation in clinically healthy older
people, by monitoring hsCRP levels before and after probiotic supplementation. HsCRP is
an acute phase protein recognized as marker of low-grade chronic inflammation (Mazidi
et al.,, 2017); its levels increase with age (Ahmadi-Abhari et al., 2013). HsCRP is also
associated with cardiovascular risk, diabetes, and neurodegenerative pathology (Cesari et
al., 2003; Pearson et al., 2003; de Rekeneire et al., 2006; Song et al., 2015). The results of
our study confirmed that a significant proportion of healthy elderly people has hsCRP
concentration between 1 and 3 mg/l or higher than 3 mg/l, as expected for this
community and reported by several epidemiological studies (Imhof et al., 2003; Jiang et
al., 2013). In this study the difference between hsCRP levels at TO and T1 was significantly
higher in probiotic group than in placebo one (P<0.05). A further subgroup analysis was
performed, considering the supplementation time. It revealed that the six-month
supplementation had significant effect (P<0.05) on hsCRP concentration respect to the
shorter one (<6 months). These positive findings highlight that consumption of probiotic

supplements results in a significant reduction in hsCRP levels, and a longer
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supplementation of six months is required in elderly people. Mazidi et al. (2017), in a
meta-analysis of randomized control trials, investigated the impact of probiotic
administration on CRP concentration, confirming our results. Several mechanisms have
been proposed to explain the effects of probiotics consumption on hsCRP. One is the
modulation of GUT microbiota and the consequently production of short-chain fatty acids
in the colon. This situation results in a decreased enzymatic synthesis of hepatic hsCRP.
Another suggested mechanism is that probiotics influence increasing glutathione (GSH)
levels, scavenging superoxide and hydroxyl radicals, and decreasing expression of
interleukin-6 (IL-6) in adipocytes. The reduced expression of IL-6 results in low hsCRP
levels (Hegazy and El-Bedewy, 2010; Asemi et al., 2013).

In the present study, also general haematological parameters were measured before
and after probiotic/placebo supplementation. Overall, no significant changes were
observed between TO and T1, in probiotic and placebo group. All the recorded parameters
were in line with the reference ranges. However, analysing the lipid profile, an interesting
variation in HDL-cholesterol level was observed. HDL-cholesterol values increased,
although not significantly, after probiotic supplementation, respect to placebo group.
Total cholesterol, LDL-cholesterol and triglycerides levels did not show evident variations.
Several studies reported the improving effects of probiotics administration on blood lipids
(Salahuddin et al., 2013; Costabile et al., 2017).

We can conclude that probiotics administration has a significant effect on the
reduction of hsCRP in elderly people. On the other hand, the supplementation did not
significantly affect haematological parameters, except for lipid profile that was slightly

improved.

167



8.6 REFERENCES

Ahmadi-Abhari, S., Luben, R.N., Wareham, N.J., Khaw, K.-T., 2013. Distribution and determinants of
C-reactive protein in the older adult population: European Prospective Investigation into
Cancer-Norfolk study. Eur. J. Clin. Invest. 43, 899-911. https://doi.org/10.1111/eci.12116

Akil, E., Bulut, A., Kaplan, i., Ozdemir, H.H., Arslan, D., Aluglu, M.U., 2015. The increase of
carcinoembryonic  antigen  (CEA), high-sensitivity = C-reactive  protein, and
neutrophil/lymphocyte ratio in Parkinson’s disease. Neurol. Sci. Off. J. Ital. Neurol. Soc. Ital.
Soc. Clin. Neurophysiol. 36, 423—428. https://doi.org/10.1007/s10072-014-1976-1

Alipour, B., Homayouni-Rad, A., Vaghef-Mehrabany, E., Sharif, S.K., Vaghef-Mehrabany, L., Asghari-
Jafarabadi, M., Nakhjavani, M.R., Mohtadi-Nia, J., 2014. Effects of Lactobacillus casei
supplementation on disease activity and inflammatory cytokines in rheumatoid arthritis
patients: a randomized double-blind clinical trial. Int. J. Rheum. Dis. 17, 519-527.
https://doi.org/10.1111/1756-185X.12333

Alley, D.E., Crimmins, E.M., Karlamangla, A., Hu, P., Seeman, T.E., 2008. Inflammation and rate of
cognitive change in high-functioning older adults. J. Gerontol. A. Biol. Sci. Med. Sci. 63, 50—
55. https://doi.org/10.1093/gerona/63.1.50

Asemi, Z., Zare, Z., Shakeri, H., Sabihi, S.-S., Esmaillzadeh, A., 2013. Effect of multispecies probiotic
supplements on metabolic profiles, hs-CRP, and oxidative stress in patients with type 2
diabetes. Ann. Nutr. Metab. 63, 1-9. https://doi.org/10.1159/000349922

Baumgartner, R.N., Stauber, P.M., McHugh, D., Koehler, K.M., Garry, P.J., 1995. Cross-sectional age
differences in body composition in persons 60+ years of age. J. Gerontol. A. Biol. Sci. Med.
Sci. 50, M307-316. https://doi.org/10.1093/gerona/50a.6.m307

Beaufrere, B., Morio, B., 2000. Fat and protein redistribution with aging: metabolic considerations.
Eur. J. Clin. Nutr. 54 Suppl 3, S48-53. https://doi.org/10.1038/sj.ejcn.1601025

Beleigoli, A.M., Boersma, E., Diniz, M. de F.H., Vidigal, P.G., Lima-Costa, M.F., Ribeiro, A.L., 2013. C-
reactive protein and B-type natriuretic peptide yield either a non-significant or a modest
incremental value to traditional risk factors in predicting long-term overall mortality in older
adults. PloS One 8, e75809. https://doi.org/10.1371/journal.pone.0075809

Beyer, I., Njemini, R., Bautmans, |., Demanet, C., Bergmann, P., Mets, T., 2012. Inflammation-related
muscle weakness and fatigue in geriatric patients. Exp. Gerontol. 47, 52-59.
https://doi.org/10.1016/j.exger.2011.10.005

Bruunsgaard, H., 2006. The clinical impact of systemic low-level inflammation in elderly populations.
With special reference to cardiovascular disease, dementia and mortality. Dan. Med. Bull. 53,
285-309

Bruunsgaard, H., Ladelund, S., Pedersen, A.N., Schroll, M., Jgrgensen, T., Pedersen, B.K., 2003.
Predicting death from tumour necrosis factor-alpha and interleukin-6 in 80-year-old people.
Clin. Exp. Immunol. 132, 24-31. https://doi.org/10.1046/j.1365-2249.2003.02137.x

Cesari, M., Penninx, B.W.J.H., Newman, A.B., Kritchevsky, S.B., Nicklas, B.J., Sutton-Tyrrell, K., Tracy,
R.P., Rubin, S.M., Harris, T.B., Pahor, M., 2003. Inflammatory markers and cardiovascular
disease (The Health, Aging and Body Composition [Health ABC] Study). Am. J. Cardiol. 92,
522-528. https://doi.org/10.1016/s0002-9149(03)00718-5

Collerton, J., Martin-Ruiz, C., Davies, K., Hilkens, C.M., Isaacs, J., Kolenda, C., Parker, C., Dunn, M.,
Catt, M., Jagger, C., von Zglinicki, T., Kirkwood, T.B.L.,, 2012. Frailty and the role of
inflammation, immunosenescence and cellular ageing in the very old: cross-sectional findings
from the Newcastle 85+ Study. Mech. Ageing Dev. 133, 456-466.
https://doi.org/10.1016/j.mad.2012.05.005

Coresh, J., Selvin, E., Stevens, L.A., Manzi, J., Kusek, J.W., Eggers, P., Van Lente, F., Levey, A.S., 2007.
Prevalence of chronic kidney disease in the United States. JAMA 298, 2038-2047.
https://doi.org/10.1001/jama.298.17.2038

Costabile, A., Bergillos-Meca, T., Rasinkangas, P., Korpela, K., de Vos, W.M., Gibson, G.R., 2017.
Effects of Soluble Corn Fiber Alone or in Synbiotic Combination with Lactobacillus rhamnosus

168



GG and the Pilus-Deficient Derivative GG-PB12 on Fecal Microbiota, Metabolism, and
Markers of Immune Function: A Randomized, Double-Blind, Placebo-Controlled, Crossover
Study in  Healthy Elderly (Saimes Study). Front. Immunol. 8, 1443.
https://doi.org/10.3389/fimmu.2017.01443

Costello-White, R., Ryff, C.D., Coe, C.L., 2015. Aging and low-grade inflammation reduce renal
function in middle-aged and older adults in Japan and the USA. Age Dordr. Neth. 37, 9808.
https://doi.org/10.1007/s11357-015-9808-7

de Rekeneire, N., Peila, R., Ding, J., Colbert, L.H., Visser, M., Shorr, R.l., Kritchevsky, S.B., Kuller, L.H.,
Strotmeyer, E.S., Schwartz, A.V., Vellas, B., Harris, T.B., 2006. Diabetes, hyperglycemia, and
inflammation in older individuals: the health, aging and body composition study. Diabetes
Care 29, 1902-1908. https://doi.org/10.2337/dc05-2327

Dodds, C., 2006. Physiology of ageing. Anaesth. Intensive Care Med. 7, 456-458.
https://doi.org/10.1053/j.mpaic.2006.09.011

Ferrando-Martinez, S., Romero-Sanchez, M.C., Solana, R., Delgado, J., de la Rosa, R., Mufioz-
Fernandez, M.A., Ruiz-Mateos, E., Leal, M., 2013. Thymic function failure and C-reactive
protein levels are independent predictors of all-cause mortality in healthy elderly humans.
Age Dordr. Neth. 35, 251-259. https://doi.org/10.1007/s11357-011-9341-2

Fu, S., Ping, P., Luo, L., Ye, P., 2016. Deep analyses of the associations of a series of biomarkers with
insulin resistance, metabolic syndrome, and diabetes risk in nondiabetic middle-aged and
elderly individuals: results from a Chinese community-based study. Clin. Interv. Aging 11,
1531-1538. https://doi.org/10.2147/CIA.S109583

Giovannini, S., Onder, G., Liperoti, R., Russo, A., Carter, C., Capoluongo, E., Pahor, M., Bernabei, R.,
Landi, F., 2011. Interleukin-6, C-reactive protein, and tumor necrosis factor-alpha as
predictors of mortality in frail, community-living elderly individuals. J. Am. Geriatr. Soc. 59,
1679-1685. https://doi.org/10.1111/j.1532-5415.2011.03570.x

Hage, F.G., Szalai, A.J., 2007. C-reactive protein gene polymorphisms, C-reactive protein blood levels,
and cardiovascular disease risk. J. Am. Coll. Cardiol. 50, 1115-1122.
https://doi.org/10.1016/].jacc.2007.06.012

Hassin-Baer, S., Cohen, 0.S., Vakil, E., Molshazki, N., Sela, B.-A., Nitsan, Z., Chapman, J., Tanne, D.,
2011. Is C-reactive protein level a marker of advanced motor and neuropsychiatric
complications in Parkinson’s disease? J. Neural Transm. Vienna Austria 1996 118, 539-543.
https://doi.org/10.1007/s00702-010-0535-z

Hegazy, S.K., EI-Bedewy, M.M., 2010. Effect of probiotics on pro-inflammatory cytokines and NF-
kappaB activation in ulcerative colitis. World J. Gastroenterol. 16, 4145-4151.
https://doi.org/10.3748/wjg.v16.i33.4145

Hosford-Donovan, A., Nilsson, A., Wahlin-Larsson, B., Kadi, F., 2016. Observational and mechanistic
links between C-reactive protein and blood pressure in elderly women. Maturitas 89, 52-57.
https://doi.org/10.1016/j.maturitas.2016.04.016

Hutchinson, A.N., Bergh, C., Kruger, K., Slsserova, M., Allen, J., Améen, S., Tingo, L., 2021. The Effect
of Probiotics on Health Outcomes in the Elderly: A Systematic Review of Randomized,
Placebo-Controlled Studies. Microorganisms 9, 1344.
https://doi.org/10.3390/microorganisms9061344

Imhof, A., Frohlich, M., Loewel, H., Helbecque, N., Woodward, M., Amouyel, P., Lowe, G.D.O., Koenig,
W., 2003. Distributions of C-reactive protein measured by high-sensitivity assays in
apparently healthy men and women from different populations in Europe. Clin. Chem. 49,
669-672. https://doi.org/10.1373/49.4.669

Jenks, K., Stebbings, S., Burton, J., Schultz, M., Herbison, P., Highton, J., 2010. Probiotic therapy for
the treatment of spondyloarthritis: a randomized controlled trial. J. Rheumatol. 37, 2118-
2125. https://doi.org/10.3899/jrheum.100193

Jenny, N.S., French, B., Arnold, A.M., Strotmeyer, E.S., Cushman, M., Chaves, P.H.M., Ding, J., Fried,
L.P., Kritchevsky, S.B., Rifkin, D.E., Sarnak, M.J., Newman, A.B., 2012. Long-term assessment

169



of inflammation and healthy aging in late life: the Cardiovascular Health Study All Stars. J.
Gerontol. A. Biol. Sci. Med. Sci. 67, 970-976. https://doi.org/10.1093/gerona/glr261

Jiang, L., Huang, W., Liang, Y., Wang, F., Duan, X., Yang, X., Wen, J.,, Wang, N., 2013. Metabolic
syndrome, C-reactive protein and microalbuminuria in a rural Chinese population: a cross-
sectional study. BMC Nephrol. 14, 118. https://doi.org/10.1186/1471-2369-14-118

Jylha, M., Paavilainen, P., Lehtimaki, T., Goebeler, S., Karhunen, P.J., Hervonen, A., Hurme, M., 2007.
Interleukin-1 receptor antagonist, interleukin-6, and C-reactive protein as predictors of
mortality in nonagenarians: the vitality 90+ study. J. Gerontol. A. Biol. Sci. Med. Sci. 62, 1016—
1021. https://doi.org/10.1093/gerona/62.9.1016

Kubota, K., Shirakura, T., Orui, T., Muratani, M., Maki, T., Tamura, J., Morita, T., 1991. [Changes in the
blood cell counts with aging]. Nihon Ronen Igakkai Zasshi Jpn. J. Geriatr. 28, 509-514.
https://doi.org/10.3143/geriatrics.28.509

Kupelian, V., Chiu, G.R., Araujo, A.B., Williams, R.E., Clark, R.V., McKinlay, J.B., 2010. Association of
sex hormones and C-reactive protein levels in men. Clin. Endocrinol. (Oxf.) 72, 527-533.
https://doi.org/10.1111/j.1365-2265.2009.03713.x

Labonté, M.-E., Dewailly, E., Chateau-Degat, M.-L., Couture, P., Lamarche, B., 2012. Population-based
study of high plasma C-reactive protein concentrations among the Inuit of Nunavik. Int. J.
Circumpolar Health 71, 10.3402/ijch.v71i0.19066. https://doi.org/10.3402/ijch.v71i0.19066

Li, J.-J., Zhu, C.-G., Yu, B., Liu, Y.-X., Yu, M.-Y., 2007. The role of inflammation in coronary artery
calcification. Ageing Res. Rev. 6, 263—270. https://doi.org/10.1016/j.arr.2007.09.001

Makita, S., Nakamura, M., Hiramori, K., 2005. The association of C-reactive protein levels with carotid
intima-media complex thickness and plaque formation in the general population. Stroke 36,
2138-2142. https://doi.org/10.1161/01.STR.0000181740.74005.ee

Mazidi, M., Rezaie, P., Ferns, G.A., Vatanparast, H., 2017. Impact of Probiotic Administration on
Serum C-Reactive Protein Concentrations: Systematic Review and Meta-Analysis of
Randomized Control Trials. Nutrients 9, 20. https://doi.org/10.3390/nu9010020

MURAKATA, Y., FUJIMAKI, T., YAMADA, Y., 2015. Age-related changes in clinical parameters and their
associations with common complex diseases. Biomed. Rep. 3, 767-777.
https://doi.org/10.3892/br.2015.505

Musunuru, K., Kral, B.G., Blumenthal, R.S., Fuster, V., Campbell, C.Y., Gluckman, T.J., Lange, R.A,,
Topol, E.J., Willerson, J.T., Desai, M.Y., Davidson, M.H., Mora, S., 2008. THE USE OF HIGH
SENSITIVITY C-REACTIVE PROTEIN IN CLINICAL PRACTICE. Nat. Clin. Pract. Cardiovasc. Med.
5, 621-635. https://doi.org/10.1038/ncpcardio1322

Nilsson, K., Gustafson, L., Hultberg, B., 2011. C-reactive protein level is decreased in patients with
Alzheimer’s disease and related to cognitive function and survival time. Clin. Biochem. 44,
1205-1208. https://doi.org/10.1016/j.clinbiochem.2011.07.011

O’Bryant, S.E., Waring, S.C., Hobson, V., Hall, J.R., Moore, C.B., Bottiglieri, T., Massman, P., Diaz-
Arrastia, R., 2010. Decreased C-Reactive Protein Levels in Alzheimer Disease. J. Geriatr.
Psychiatry Neurol. 23, 49-53. https://doi.org/10.1177/0891988709351832

Panickar, K.S., Jewell, D.E., 2015. The beneficial role of anti-inflammatory dietary ingredients in
attenuating markers of chronic low-grade inflammation in aging. Horm. Mol. Biol. Clin.
Investig. 23, 59—70. https://doi.org/10.1515/hmbci-2015-0017

Payette, H., Roubenoff, R., Jacques, P.F., Dinarello, C.A., Wilson, P.W.F., Abad, L.W., Harris, T., 2003.
Insulin-like growth factor-1 and interleukin 6 predict sarcopenia in very old community-living
men and women: the Framingham Heart Study. J. Am. Geriatr. Soc. 51, 1237-1243.
https://doi.org/10.1046/j.1532-5415.2003.51407.x

Pearson, T.A., Mensah, G.A., Alexander, R.W., Anderson, J.L., Cannon, R.O., Criqui, M., Fadl, Y.Y.,
Fortmann, S.P., Hong, Y., Myers, G.L., Rifai, N., Smith, S.C., Taubert, K., Tracy, R.P., Vinicor, F.,
Centers for Disease Control and Prevention, American Heart Association, 2003. Markers of
inflammation and cardiovascular disease: application to clinical and public health practice: A
statement for healthcare professionals from the Centers for Disease Control and Prevention

170



and the American Heart Association. Circulation 107, 499-511.
https://doi.org/10.1161/01.cir.0000052939.59093.45

Pepys, M.B., Hirschfield, G.M., 2003. C-reactive protein: a critical update. J. Clin. Invest. 111, 1805—
1812. https://doi.org/10.1172/)CI18921

Puzianowska-Kuznicka, M., Owczarz, M., Wieczorowska-Tobis, K., Nadrowski, P., Chudek, J.,
Slusarczyk, P., Skalska, A., Jonas, M., Franek, E., Mossakowska, M., 2016. Interleukin-6 and C-
reactive protein, successful aging, and mortality: the PolSenior study. Immun. Ageing A 13,
21. https://doi.org/10.1186/s12979-016-0076-x

Quaglia, L.A., Freitas, W., Soares, A.A., Santos, R.A., Nadruz, W., Blaha, M., Coelho, O.R., Blumenthal,
R., Agatston, A., Nasir, K., Sposito, A.C., 2014. C-reactive protein is independently associated
with coronary atherosclerosis burden among octogenarians. Aging Clin. Exp. Res. 26, 19-23.
https://doi.org/10.1007/s40520-013-0114-x

Rosenthal, R.A., Kavic, S.M., 2004. Assessment and management of the geriatric patient. Crit. Care
Med. 32, $92-105. https://doi.org/10.1097/01.ccm.0000122069.56161.97

Sdez-Lara, M.J., Robles-Sanchez, C., Ruiz-Ojeda, F.J., Plaza-Diaz, J., Gil, A., 2016. Effects of Probiotics
and Synbiotics on Obesity, Insulin Resistance Syndrome, Type 2 Diabetes and Non-Alcoholic
Fatty Liver Disease: A Review of Human Clinical Trials. Int. J. Mol. Sci. 17, E928.
https://doi.org/10.3390/ijms17060928

Salahuddin, M., Akhter, H., Akter, S., Miah, M.A., Ahmad, N., 2013. Effects of probiotics on
haematology and biochemical parameters in mice. Bangladesh Vet. 30, 20-24.
https://doi.org/10.3329/bvet.v30i1.16281

Sattar, N., McConnachie, A., Shaper, A.G., Blauw, G.J., Buckley, B.M., de Craen, A.J., Ford, I., Forouhi,
N.G., Freeman, D.J., Jukema, J.W., Lennon, L., Macfarlane, P.W., Murphy, M.B., Packard, C.J.,
Stott, D.J., Westendorp, R.G., Whincup, P.H., Shepherd, J., Wannamethee, S.G., 2008. Can
metabolic syndrome usefully predict cardiovascular disease and diabetes? Outcome data
from two  prospective  studies. Lancet Lond. Engl. 371, 1927-1935.
https://doi.org/10.1016/50140-6736(08)60602-9

Song, I.-U., Cho, H.-J., Kim, J.-S., Park, I.-S., Lee, K.-S., 2014. Serum hs-CRP levels are increased in de
Novo Parkinson’s disease independently from age of onset. Eur. Neurol. 72, 285-289.
https://doi.org/10.1159/000363570

Song, I.-U., Chung, S.-W., Kim, Y.-D., Maeng, L.-S., 2015. Relationship between the hs-CRP as non-
specific biomarker and Alzheimer’s disease according to aging process. Int. J. Med. Sci. 12,
613-617. https://doi.org/10.7150/ijms.12742

Sousa, A.C.P.A., Zunzunegui, M.-V., Li, A., Phillips, S.P., Guralnik, J.M., Guerra, R.0., 2016. Association
between C-reactive protein and physical performance in older populations: results from the
International Mobility in Aging Study (IMIAS). Age Ageing 45, 274-280.
https://doi.org/10.1093/ageing/afv202

Szewieczek, J., Francuz, T., Dulawa, J., Legierska, K., Hornik, B., Wtodarczyk, I., Janusz-Jenczen, M.,
Batko-Szwaczka, A., 2015. Functional measures, inflammatory markers and endothelin-1 as
predictors of 360-day survival in centenarians. Age 37, 85. https://doi.org/10.1007/s11357-
015-9822-9

Tan, Z.S., Beiser, A.S., Vasan, R.S., Roubenoff, R., Dinarello, C.A., Harris, T.B., Benjamin, E.J., Au, R.,
Kiel, D.P., Wolf, P.A., Seshadri, S., 2007. Inflammatory markers and the risk of Alzheimer
disease: the Framingham Study. Neurology 68, 1902-1908.
https://doi.org/10.1212/01.wnl.0000263217.36439.da

Tegeler, C., O’'Sullivan, J.L., Bucholtz, N., Goldeck, D., Pawelec, G., Steinhagen-Thiessen, E., Demuth,
I., 2016. The inflammatory markers CRP, IL-6, and IL-10 are associated with cognitive
function--data from the Berlin Aging Study Il. Neurobiol. Aging 38, 112-117.
https://doi.org/10.1016/j.neurobiolaging.2015.10.039

Tracy, R.P., Lemaitre, R.N., Psaty, B.M., Ives, D.G., Evans, R.W., Cushman, M., Meilahn, E.N., Kuller,
L.H., 1997. Relationship of C-reactive protein to risk of cardiovascular disease in the elderly.

171



Results from the Cardiovascular Health Study and the Rural Health Promotion Project.
Arterioscler. Thromb. Vasc. Biol. 17, 1121-1127. https://doi.org/10.1161/01.atv.17.6.1121

Trichopoulos, D., Psaltopoulou, T., Orfanos, P., Trichopoulou, A., Boffetta, P., 2006. Plasma C-reactive
protein and risk of cancer: a prospective study from Greece. Cancer Epidemiol. Biomark.
Prev. Publ. Am. Assoc. Cancer Res. Cosponsored Am. Soc. Prev. Oncol. 15, 381-384.
https://doi.org/10.1158/1055-9965.EPI-05-0626

Vasan, R.S., Sullivan, L.M., Roubenoff, R., Dinarello, C.A., Harris, T., Benjamin, E.J., Sawyer, D.B., Levy,
D., Wilson, P.W.F., D’Agostino, R.B., Framingham Heart Study, 2003. Inflammatory markers
and risk of heart failure in elderly subjects without prior myocardial infarction: the
Framingham Heart Study. Circulation 107, 1486-1491.
https://doi.org/10.1161/01.cir.0000057810.48709.f6

Velissaris, D., Pantzaris, N., Koniari, |., Koutsogiannis, N., Karamouzos, V., Kotroni, I., Skroumpelou,
A, Ellul, J., 2017. C-Reactive Protein and Frailty in the Elderly: A Literature Review. J. Clin.
Med. Res. 9, 461-465. https://doi.org/10.14740/jocmr2959w

Villareal, D.T., Apovian, C.M., Kushner, R.F., Klein, S., American Society for Nutrition, NAASO, The
Obesity Society, 2005. Obesity in older adults: technical review and position statement of the
American Society for Nutrition and NAASO, The Obesity Society. Am. J. Clin. Nutr. 82, 923—-
934. https://doi.org/10.1093/ajcn/82.5.923

Wassel, C.L., Barrett-Connor, E., Laughlin, G.A., 2010. Association of circulating C-reactive protein and
interleukin-6 with longevity into the 80s and 90s: The Rancho Bernardo Study. J. Clin.
Endocrinol. Metab. 95, 4748—4755. https://doi.org/10.1210/jc.2010-0473

Weinstein, J.R., Anderson, S., 2010. The aging kidney: physiological changes. Adv. Chronic Kidney Dis.
17, 302-307. https://doi.org/10.1053/j.ackd.2010.05.002

Wen, H., Gris, D., Lei, Y., Jha, S., Zhang, L., Huang, M.T.-H., Brickey, W.J., Ting, J.P.-Y., 2011. Fatty acid-
induced NLRP3-ASC inflammasome activation interferes with insulin signaling. Nat. Immunol.
12, 408-415. https://doi.org/10.1038/ni.2022

Wijsman, C.A., Mooijaart, S.P., Westendorp, R.G.J., Maier, A.B., 2012. Responsiveness of the innate
immune system and glucose concentrations in the oldest old. Age Dordr. Neth. 34, 983—-986.
https://doi.org/10.1007/s11357-011-9292-7

Xu, H., Barnes, G.T., Yang, Q., Tan, G., Yang, D., Chou, C.J,, Sole, J., Nichols, A., Ross, J.S., Tartaglia,
L.A., Chen, H., 2003. Chronic inflammation in fat plays a crucial role in the development of
obesity-related insulin resistance. J. Clin. Invest. 112, 1821-1830.
https://doi.org/10.1172/JCI19451

Yamagata, K., Ishida, K., Sairenchi, T., Takahashi, H., Ohba, S., Shiigai, T., Narita, M., Koyama, A., 2007.
Risk factors for chronic kidney disease in a community-based population: a 10-year follow-
up study. Kidney Int. 71, 159-166. https://doi.org/10.1038/sj.ki.5002017

Zhang, L., Yan, J,, Xu, Y., Long, L., Zhu, C., Chen, X,, Jiang, Y., Yang, L., Bian, L., Wang, Q., 2011. The
combination of homocysteine and C-reactive protein predicts the outcomes of Chinese
patients with Parkinson’s disease and vascular parkinsonism. PloS One 6, e19333.
https://doi.org/10.1371/journal.pone.0019333

Zierk, J., Krebs, A., Rauh, M., Metzler, M., Loscher, A., Strasser, E., Krause, S.W., 2020. Blood counts
in adult and elderly individuals: defining the norms over eight decades of life. Br. J. Haematol.
189, 777-789. https://doi.org/10.1111/bjh.16430

172



CHAPTER IX

INTERACTIVE NUTRITIONAL EDUCATION INTERVENTIONS
FOR ELDERLY PEOPLE TO PROMOTE HEALTHFUL AGEING

9.1 ABSTRACT

The higher incidence of malnutrition and age-related diseases and disabilities is
becoming a severe phenomenon. Among multiple responsible factors, the daily diet has
a key role in the prevention and modulation of health conditions in elderly. Since the
difficulties to manage the nutrition according to the individual energy requirements and
physio-pathological status, it is crucial to develop specific programs addressed to elderly
people, caregivers and families. Practical education activity on proper nutrition
represents the best strategy to improve healthful ageing, preventing malnutrition and
relative morbidities. In this pilot project, we developed an activity to raise people’s
awareness about nutrition and the use of probiotic supplements, supporting and
improving healthful behaviours. This program involved the elderly community of two
different boarding homes, and the caregivers. The method provided five videos on basic
nutrition topics, and final questionnaires to collect feedback about its impact and
effectiveness on audience. This study demonstrated that this innovative communication
method is a valid alternative to the live teaching approach for elderly. Moreover, most
people recognized a positive impact on their daily nutritional habits. In conclusion, this
intervention certainly contributed to improve the knowledge on nutrition and probiotics,
in both elderly and caregivers, also providing a basis for designing effective nutritional

education programs for older adults.
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9.2 INTRODUCTION

The continuous increase in the aged population is leading to several age-related
diseases and higher medical costs (Kim et al., 2012). A multidisciplinary approach is
necessary to counteract this phenomenon. Adequate nutrition is essential to health and
quality of life, especially for older adults (Xu et al., 2015; Pelclova et al.,, 2018).
Improvements in nutrition can prevent, modulate or ameliorate many conditions typical
of elderly, such as malnutrition (Clegg and Williams, 2018). Malnutrition is very common
because daily food consumption tends to change with old age, due to the difficulties to
manage the nutrition according to individual energy requirements.

Therefore, it becomes crucial to educate people about proper nutrition to understand
how a balanced diet influences their health-related quality of life. Nutrition is a key factor
in successful ageing as food is not only essential to physiological well-being but also
contributes to social, cultural, and psychological quality of life. In the modern societies, a
shift is ongoing to emphasize prevention, and nutritional education is crucial for all age
groups. Particularly, several studies have described the positive effect of education
activities or counseling for the elderly (Yoon and Lee, 2006; Choi et al., 2007; Park et al.,
2007; Yim, 2008; Kang et al., 2009).

While attention to nutrition has been increasing, overall recognition of the
importance of nutrition for healthy ageing developing specific educational programs are
still important aspects to improve.

Prevention and education programs should focus on simple recommendations for a
healthy, varied and balanced diet able to guarantee basic nutrients. Since dietary
guidelines can be confusing and complicated to understand, practical and realistic
approaches are a better strategy to optimize learning and future daily applications of
knowledges by the elderly.

Moreover, an effective program should not be focused only on the individual level,
but it should also involve the social and environmental levels, involving caregivers and
families. A community-based activity can simultaneously improve socialization and the
accessibility to nutritional knowledges. Dietitians and other nutrition educators play a
large role in the development and implementation of this kind of interventions.

This study was designed to evaluate the effects of nutritional education on elderly
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subjects living in two selected boarding homes. This is a pilot activity developed in parallel
with PROBIOSENIOR project, with the purpose to use these preliminary data for
establishing guidelines for nutritional management programs specifically targeted to

older adults.

9.3 MATERIALS AND METHODS

9.3.1 Nutritional education activities: video-pills

The nutritional education intervention was implemented in the boarding homes "A.
Chierichetti" in Gagliole (MC) and “ASP Lazzarelli” in San Severino Marche (MC). The
activity was offered to the elderly subjects hosted in the structures, who joined
PROBIOSENIOR project. The aim of this activity was to raise people’s awareness about
nutrition, supporting and improving healthful behaviours. Unfortunately, this project was
realized during the health emergency of Covid-19 with the impossibility to access the
boarding homes. Consequently, to continue with this activity, five videos were prepared
and shown to the elderly subjects by the caregivers, using tablets devices. The language
used was simple and easy to understand by the auditors. These “video-pills”, recorded in
Italian, were focused on basic topics, including nutrition in old age, importance of
hydration, “Healthy Eating Plate”, five colours of health, and probiotics and prebiotics,
considering their central role in PROBIOSENIOR project. At the end of each video practical
solutions were proposed to create a sort of interaction with the subjects and make the

activity more interesting.

9.3.1.1 Nutrition for older adults

The first video, composed by a series of slides with comment, (Annex 6; Slides 1- 10)
is a general introduction about the main changes that occur in elderly organism (Figure
1), including the reduction of lean mass, the increasing percentage in the fat mass, the
alteration in the perception of senses and stimuli, the chewing difficulties and the
alteration of gastrointestinal system’s functionality and equilibrium (Slide 4).

One of the main goals in elderly population is to avoid malnutrition, both in excess
and in defect, because it could have bad consequences (Slide 4). In this study, we also
monitored the nutritional status using the Mini Nutritional Assessment questionnaire, at

baseline and at the end of the supplementation.
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A healthy, complete and balanced diet is fundamental to counteract these conditions,
and the Mediterranean diet seems to be a good nutritional strategy to promote healthy
ageing (Roman et al., 2008; Mazza et al., 2021). The adherence to the Mediterranean diet
demonstrated beneficial effects to prevent several pathological conditions, from
metabolic to cognitive disorders. In addition, positive effects on organs and systems, like
muscular and cardiovascular systems, have been reported (Mazza et al., 2021) (Slide 5).

This nutritional style is based on high quality, seasonal, and various foods with well-
balanced macro and micronutrients.

Firstly, cereals, legumes, vegetables, and fruits must represent the main source of
energy of the daily diet. These foods are rich in carbohydrates, mostly starch and fibre,
vitamins, mineral salts, antioxidants molecules and even a percentage of proteins (Slide
6).

In absence of specific pathologies, a proper intake lipid (30-35%) is also important,
according to the energy requirements of subjects. Lipids are important in the diet as
sources of energy, essential fatty acids (Omega-6 linoleic acid and Omega-3 linolenic acid),
and fat-soluble vitamins (A-D-E-K) (Slide 7). They are fundamental components of the cell
membrane and the main actors in the production of several molecules useful to our
organism, likes hormones. Moreover, they contribute to satiety, diet’s flavour, and
palatability. It is strongly recommended to prefer extra-virgin olive oil (EVOQO) as main
dressing, respect to butter or other fats, rich in saturated fatty acids. EVOO contains
unsaturated fatty acids and polyphenols which are linked to significant health beneficial
effects (Nikou et al., 2019). On the other hand, some good practical strategies to monitor
the intake, without exceeding, are eliminate the visible fat from meat and limit its
consumption, limit fried foods and fatty cheeses, eat white and blue fish.

Finally, an optimal protein intake is recognised as a key dietary-related actor of
healthy ageing (Slide 8). Proteins are essential to ensure the good maintenance of lean
mass and muscle function, preventing sarcopenia and risk of falls (Donaldson et al., 2018).
An adequate amount of high-quality proteins should be present at each meal, preferring
fish, legumes, eggs, meat and soft cheese. It is recommended also to improve and more
evenly distribute the daily intake of animal and plant-based proteins (Paddon-Jones et al.,

2015).
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A critical aspect is that elderly people are not a homogeneous group. Each subject has
individual energy requirement and nutritional needs, according to the physio-pathological
status. Hence, it is difficult to define a single model of diet that is valid for everyone. The
best approach is to define simple guidelines and practical tips to be adopted as much as
possible basing on individual abilities.

Another important aspect to consider is the environment where older adults live and
eat. There are various factors that influence their eating behaviour and habits, from social
relationship, food access, and proposed meals, to healthy nutrition information. The
findings suggest that a positive social environment may be used to encourage healthy

eating (Kvalsvik et al., 2021).

«NONNA! STAI DIVENTANDO SEMPRE PIU PICCOLA!»

COSA CAMBIA NELLORGANISMO SENILE?

* Riduzione della massa MAGRA;
* Aumento della massa GRASSA;
* Alterata percezione dei SENSI e degli STIMOLI;
* Difficolta MASTICATORIE;

* Funzionalita dellAPPARATO DIGERENTE;

Figure 1. Example of slide from “Nutrition for older adults".

9.3.1.2 The importance of water
The second video (Annex 7; Slides 1-6) was developed to propose guidelines and
practical tools to better manage hydration in elderly people, preventing dehydration.
Life has evolved in water, and it represents one of the most important nutrients,
besides being the main constituent of our body (63%) (Figure 2). Water is essential for
several biological functions, such as nutrients and wastes transport, temperature
regulation, structures maintenance, and cell functions support (Ferry, 2005). Water

maintains skin and mucous membranes, and it ensures the correct consistency of the
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intestinal contents, contributing to a regular intestinal transit. It does not provide energy
and calories (Slide 2).

The water requirement for an individual is defined as the quantity of water necessary
to maintain homeostasis of both intra- and extracellular liquid compartments. The
individual requirement changes in function of age, physical activity level, etc. Hence,
recommended water intake for a population is calculated on the daily energy
expenditure, about 0.25 mL/kJ (1 mL/kcal) for adults.

Another important aspect, especially in elderly people, is the maintenance of “water
balance”, the ratio between liquid intakes and liquid losses, to guarantee a good state of
health in the short, medium and long term (Slide 3). The modifications in water
metabolism and fluid imbalance that occur with ageing increase the risk of dehydration,
especially in frailty subjects (Ferry, 2005). Dehydration is a serious risk factor of morbidity
and mortality. It is responsible of the hospitalization of many patients, and it may be fatal.
Common symptoms of dehydration are thirst and dry mouth/tongue (Shaheen et al.,
2018). This is particularly true in the elderly, for whom the age-related physiological
decline influences the thirst sensation, that occurs only in case of real significant water
deficit (Kenney and Chiu, 2001). In addition, other clinical indicators of dehydration are
variations in body weight, weak, fatigue, hypotension, concentrated urine, muscle
cramps, headache and mental confusion. The symptoms are related to the state of
dehydration, leading in the most severe cases to dried skin and mucous membranes, skin
redness, loss of appetite, apathy, nausea and vomiting, tachycardia, and risk of coma. A
persistent state of dehydration compromises both physical and mental capacities with
severe consequences for the health. Moreover, it increases the risk of kidney,
cardiovascular, gastrointestinal and urinary diseases (Picetti et al., 2017).

Elderly people are therefore particularly vulnerable, and it is fundamental to adopt
strategies for preventing dehydration (Slides 4, 5).

Although the approach must be multidisciplinary, some practical tips to induce elderly
people to drink enough are:

= Anticipate the sense of thirst by drinking about 1.5-2 L of water per day.

= Drink frequently, in small quantities, and slowly, especially if the water is cold. Drink

throughout the day.
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= Consider the wide offer of alternative beverages like tea, fruit juices, infusions, milk,
and soup.

= Consume water-containing foods such as fresh vegetables, fruit, fresh cheese, and
yogurt.

Finally, it is necessary to inform elderly people about the importance to drink enough,
but also caregivers and health care professionals should be constantly aware of the risk

factors and signs of dehydration in elderly patients.

LACQUA E'VITA

Si puo sopravvivere anche |0 settimane senza mangiare,ma NON si puo fare lo stesso

senza bere poiché le cellule del nostro organismo sono principalmente costituite da acqua.

ADULTO » ANZIANO

70% B 50% M L'acqua e dunque un COSTITUENTE
rero  NEONATO 4 & FONDAMENTALE del nostro organismo e,
85% 83% ’ - sebbene non fornisca energia e quindi non
— = ' ' 41 apporti calorie,& ESSENZIALE per lo
svolgimento di numerosi processi fisiologici.

Figure 2. Example of slide from "The importance of water".

9.3.1.3 The healthy eating plate: how prepare a balanced meal
"The healthy eating plate” is the main topic of the third nutritional education video
(Annex 8, Slides 1-5). This concept has been proposed by Harvard University, in 2011. It
was born to help people to combine proper amounts of high-quality foods, creating
healthy and balanced meals, in line with Mediterranean diet (Figure 3; Slide 2). This simple
guide consists in several indications and suggestions to apply every day, with the purpose

to satisfy the nutritional requirements.
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HEALTHY EATING PLATE
B e——

I GULN Drink water, tea, or coffee
(with little or no sugar).

Limit milk/dairy

(1-2 servings/day) and

juice (1 small glass/day).

Avoid sugary drinks.

Use healthy oils (like
olive and canola oil)
for cooking, on salad,
and at the table. Limit
butter. Avoid trans fat.

The more veggies —
and the greater the
variety - the better.
Potatoes and French fries

Eat a variety of whole grains
(like whole-wheat bread,
whole-grain pasta, and

don't count. brown rice). Limit refined
HEALTHY grains (like white rice

Eat plenty of fruits of all PROTEIN and white bread).
colors. Choose fish, poultry, beans, and
nuts; limit red meat and cheese;

avoid bacon, cold cuts, and

STAY ACTIVE! other processed meats.

© Harvard University

Harvard T.H. Chan School of Public Health Harvard Medical School 2
The Nutrition Source Harvard Health Publications Z‘\V
www.hsph.harvard.edu/nutritionsource www.health.harvard.edu

e

Figure 3. “The Healthy Eating Plate”, Harvard University. Copyright © 2011.

With ageing, nutrition needs to change in accordance with physiological changes
(altered functionality of some body systems), specific energy requirement, and lifestyle
(less physical activity, different habits). In 2015, the Human Nutrition Research Centre on
Aging (HNRCA) partnered with AARP Foundation in conjunction with the updated 2015-
2020 Dietary Guidelines for Americans designed a practical guide specifically tailored for

older adults: “MyPlate for Older Adults” (Figure 4).

MyPlate for Older Adults

Fruits &
Vegetables

Whole fruits and vegetables

are rich in important nutrients
and fiber. Choose fruits and

vegetables with dee
colored flesh. Choo:
varieties that ars
their own juices or low-sodium.

Healthy Oils

Liquid vegetable oils and soft
es provide important
fatty acids and some fat-soluble
vitamins.

Fluids

Drink plenty of fluids.
Fluids can come from
water, tea, coffee, soups,
and fruits and vegetables.

Grains

Whole grain and fortified
foods are good sources of
fiber and B vitamins.

Dairy

Fat-free and low-fat milk,
cheeses and yogurts provide
protein, calcium and other
important nutrients.

Herbs & Spices
Use a variety of herbs and spices to
enhance flavor of foods and reduce
the need to add salt.

Protein

Protein rich foods provide many important
nutrients. Choose a variety including nuts,

[ ]
beans, fish, lean meat and poultry.
OFfQ ==

Remember to Stay Active! Tufts

Figure 4. "MyPlate for older adults".
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Some simple recommendations proposed in the video to apply for building a healthy
and balanced diet are (Figure 5; Slides 3 and 4):

= Compose the main part of the meal with vegetables and fruit, filling about half of
the plate. Vary your diet, preferring fresh and organic seasonal products.

= Choose whole grains for about % of the plate. Vary frequently the carbohydrates
sources, alternating pasta, rice, bread and other grains such as oats and spelled or even
corn polenta if you like it!

= Add a portion of high-quality proteins in the last quarter of the plate, preferring
white meat, white and blue fish, eggs and legume.

Limit the consumption of red and processed meats, such as bacon, sausages, and
cold cuts to once a week. Limit the consumption of dairy products to a maximum of 2
times a week, choosing soft cheeses. Consume milk and natural white yogurt, to enrich
with fresh fruits.

= Use extra virgin olive oil as main dressing. Limit animal fats such as butter and other
vegetable oils. A right portion of extra virgin olive oil is around 10-12 grams per meal,
about a tablespoon.

= Drink enough water. Among the alternative beverages, prefer tea and natural herbal
teas respect to other drinks rich in sugars.

= Also, moderate physical exercise is suggested, especially in elderly, to maintain the
body active and prevent the muscle loss.

As final activity, the auditors were invited to prepare together a healthy eating plate to show

them that it is a simple thing to practice in their everyday life (Slide 5).
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COSA INTENDIAMO PER ‘PIATTO SANO”?

i

N

3 Sr Il PIATTO SANO rappresenta un PASTO
".""" /-\m: EQUILIBRATO e salutare ispirato alla DIETA
veroure o seate MEDITERRANEA. Il messaggio principale del ‘Piatto
ST ol del Mangiar Sano’ & di concentrarsi sulla QUALITA

della dieta. Potrebbe essere un buon aiuto al fine di

preparare PIATTI COMPLETI ad ogni pasto.

Figure 5. Example of slide from "The healthy eating plate".

9.3.1.4 The colours of health: fruits and vegetables

The fourth video is focused on the importance of a colourful diet (Annex 9; Slides 1-
8). Fruits and vegetables are foods rich in vitamins, minerals, and bioactive compounds,
like phytochemicals, carotenoids, anthocyanidins, and flavonoids (Oude Griep et al., 2011;
Si and Liu, 2014). These essential nutrients are also rich in fibres and water, guarantying
satiety and improving the hydration status (Slide 2). Hence, they have maintained a
prominent place in the daily nutritional guidelines set by departments and ministries of
health worldwide. Research has demonstrated that increasing fruit and vegetables
consumption promotes healthy ageing, protecting against several chronic diseases by
lowering oxidative stress and inflammation (Vincent et al., 2010; Nicklett and Kadell,
2013; Xie et al., 2013) (Figure 6). Fruits and vegetables are mainly classified into 5 colour
groups: blue/purple, green, white, yellow/orange and red. The colour of the edible
portion reflects the presence of pigmented phytochemicals, that can be considered an
indicator of their nutrient profile and protective role ( Oude Griep et al., 2011; Minich,

2019) (Slide 3).

= Red: watermelon, blood orange, beetroot, cherry, strawberry, tomato, radish,
beetroot. They are rich in powerful antioxidants, effective in the prevention of
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cardiovascular diseases and tumours by counteracting the production of free radicals. A
role is recognized also on the urinary tract and on memory (Slide 4).

= Yellow-Orange: apricot, orange, carrot, clementine, kaki, lemon, mandarin, melon,
medlar, pepper, peach, nectarine, grapefruit, pumpkin. They exert beneficial effects on
eyesight, skin and immune system; endocrine-regulating activity and maintenance of
gastrointestinal health; promotion of the well-being of our organs and systems,
counteracting the production of free radicals (Slide 4).

= Green: asparagus, basil, chard, broccoli, artichoke, cabbage, cucumber, chicory,
turnip greens, endive, kiwi, lettuce, parsley, rocket, spinach, grapes, zucchini. Important
for sight, bone, teeth and skin health. An important action in the prevention of
neurological and cardiovascular diseases (Slide 5).

= Blue-Violet: figs, berries, aubergines, plums, radicchio, black grapes. Beneficial
effects on blood circulation; protective role of the urinary tract, memory and in the
defence against free radicals (Slide 5).

= White: garlic, cauliflower, onion, fennel, mushrooms, apple, pear, leeks, celery,
walnuts, hazelnuts, almonds, chestnuts. Important role in the prevention of tumour
formation by counteracting cellular aging; maintenance of blood cholesterol levels (Slide
6).

The recommended amount is at least 3 and 2 portions of fruit and vegetables per day.
The reference portion for fruit is 150 grams, while for vegetables is 80-200 grams (Slide
7).

In conclusion, the consumption of fruits and vegetables has numerous benefits,
especially in elderly people. Since their daily intake is often less than what is

recommended by guidelines, it is important to develop effective nutritional strategies.
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5 BUONI MOTIVI PER MANGIARE ‘COLORATO’

* La FRUTTA e gli ORTAGGI sono buoni e incredibilmente versatili, ricchi di VITAMINE e
MINERALI essenziali;

* Queste sostanze svolgono un’azione PROTETTIVA su diversi sistemi e apparati del nostro
organismo;

* Frutta e verdura sono alimenti principalmente a BASSO CONTENUTO di ENERGIA,
forniscono zuccheri facilmente assimilabili e particolarmente utili;

* Hanno ALTO potere saziante grazie al buon contenuto di FIBRE;

* Hanno potere IDRATANTE considerato 'ALTO contenuto di ACQUA;

Figure 6. Example of slide from “The colours of health”.

9.3.1.5 Probiotics and Prebiotics: allies of the health

The last video was focused on probiotics and prebiotics, considering the focal point
of PROBIOSENIOR Project (Annex 10, Slides 1-10). The video briefly described the role of
probiotics and prebiotics in human health and well-being.

Probiotics are defined as “live microorganisms that, when administered in adequate
amounts, confer a health benefit on the host”, while the term prebiotic indicates “a
substrate that is selectively utilized by host microorganisms conferring a health benefit”
(Hill et al., 2014; Gibson et al., 2017;) (Slide 4). They can be used as non-invasive
supporting treatments to improve the quality of life, especially of elderly people.

Several phenomena take place during ageing, among them a low-level systemic
inflammation (Ale and Binetti, 2021). Also the composition of microbiota changes with
age, resulting in a gradual process that is influenced by several factors, like gender,
location, diet, lifestyle, physical activity, immune system functionality, and the use of
medication (O’Toole and Jeffery, 2015). The gut microbiota of elderly is affected by a shift
toward a reduced bacterial diversity, characterized by a decline in beneficial
microorganisms and an increase of facultative anaerobic bacteria (Salazar et al., 2017)
(Slide 3). Considering that the inflammatory status of elderly population can be
modulated by the gut microbiota and eating behaviours, the consumption of probiotic

functional foods represents an interesting strategy (Guigoz et al., 2008; O’Toole and

184



Claesson, 2010). Probiotics may exert several effects on gut microbiota, manipulating and
restoring its balance in richness and diversity. A “healthy” gut microbiota can impart
specific functions in host: nutrients and drug metabolism, maintenance of gut mucosal
barrier, immunomodulation, protection against pathogens, and production of
metabolites (Figure 7; Slide 5).

Especially in elderly, the concept of healthy gut microbiota must be considered.
According to this, the first habit to adopt is to choose a varied and well-balanced diet.
Foods should be carefully selected paying attention to their quality. In addition, the
introduction of probiotics and prebiotics can be of great help.

Probiotics can be consumed as capsule, supplement, or probiotic functional foods
(chocolate bars, fruit juice, yogurt, ricotta cheese). The last option can be easily
introduced in the daily diet, and it is generally well accepted by the consumers. Among
the beneficial effects of probiotics, there are a good intestinal transit, a reduced sense of
swelling, and an improved immune system (Slide 9).

Prebiotics, substances naturally present in foods, represent a real nourishment for
gut microbiota. An example of prebiotic foods is those containing high amount of fibres,
such as fruits and vegetables. These foods are also rich in antioxidants, that counteract

the excess of free radicals, contributing to diseases prevention (Slide 6).

CHE COS'E IL MICROBIOTA?

Quando pensiamo al MICROBIOTA INTESTINALE dobbiamo pensare ad un insieme di
MICRORGANISMI che abitano nel nostro intestino senza danneggiarlo, anzi per molti aspetti questi
microrganismi sono per noi molto IMPORTANTI poiché ci aiutano sia nella DIGESTIONE

di alcuni nutrienti sia nella PRODUZIONE di MOLECOLE a
noi molto utili, come ad esempio alcune VITAMINE.
Una delle prime regole per MANTENERE in SALUTE il nostro
" MICROBIOTA e quella di alimentarci seguendo una DIETA
) S B SANA e molto VARIA.

L
3
S

Figure 7. Example of slide from "Probiotics and Prebiotics".
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9.3.1.6 Educational activity survey

When the nutritional education program was carried out, two different
guestionnaires were prepared and administered to the elderly subjects (Annex 6) and to
the caregivers (Annex 7) of the boarding homes "A. Chierichetti" in Gagliole (MC) and “ASP
Lazzarelli” in San Severino Marche (MC). The questionnaires were developed to have
feedback about the educational activity proposed, in terms of understandability, learning
and efficacy of this new approach. Each questionnaire was composed by 12 or 13
guestions about the activity performed. That one addressed to the elderly subjects was
more specific about the impact and effectiveness of the communication method used,
while the questionnaire for the caregivers was more focused on the importance of
personalized nutrition and supplementation in elderly subject for what concern their

experience.

9.4 RESULTS

9.4.1 Nutritional education activities: video-pills

9.4.1.1 Elderly subject participants

This pilot project involved 16 elderly volunteers living in the two selected boarding
homes. Females were 11, while males were five. Their mean age was 82.7 years old, and
this aspect could represent a limit for this kind of learning activity. Overall, the videos and

the practical activities proposed were really appreciated.

9.4.1.2 Elderly subjects survey

The questionnaire addressed to the elderly volunteers was organized into 13
questions, 7 of them were referred to the videos proposed, investigating the impact of
this new strategy on subjects. The results are presented in Figure 8. A consensus among
the participants was observed, since 62% of people recognized this approach as valid and
useful. This was also confirmed by the interest of 69% of people to explore other topics
using the same method, and 94% of them was available for further training activities. In
general, the video-pills strategy was well accepted and easy to follow by 94%. Moreover,
it stimulated a positive exchange of opinions, suggesting sharing these videos with

relatives.
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DID YOU CONSIDER USEFUL TO WATCH THE INFORMATION
VIDEOS PROPOSED?

IDON'T
KNOW...

19% YES

62%

DID VIEWING INFORMATIONAL VIDEOS HAVE A POSITIVE
IMPACT ON YOUR HABITS?

“ NO
19%

" YES
81%

DID YOU HAVE AN INTEREST IN EXCHANGING IDEAS AND
OPINIONS ON THE TOPICS COVERED?

" I'LLDOIT 13%

“ 1DON'TKNOW
6%

NO
6%

= YES
75%

WOULD YOU LIKE TO EXPLORE OTHER TOPICS THROUGH
INFORMATIVE VIDEOS?

YES
12%

19%

" IDONT
KNOW
69%

DID YOU FIND DIFFICULT TO FOLLOW THE VIDEOS?

“ YES
6%

= NO
94%

WOULD YOU RECOMMEND TO SOMEONE YOU KNOW
WATCHING THE INFORMATIVE VIDEOS PROPOSED?

I'LLDOIT
13%
I DON'T
KNOW YES
31% 56%

WOULD YOU LIKE TO PARTECIPATE AGAIN IN TRAINING
EVENTS OF THIS TYPE?

NO
6%

= YES
94%

Figure 8. The impact of the teaching method on the elderly subjects.
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Other five questions were focused on the effectiveness of the method, investigating
the concepts that people learnt and remembered. Promising feedbacks were collected
(Figure 9).

The 88% of subjects recognized the importance of a balanced and complete diet; the
44% understood the right amount of water to drink per day and the best strategies to
adopt to remain hydrated; the 69% recognized the importance to vary the diet, choosing
all the colours of fruits and vegetables. The level of agreement for the consumption of
three complete meals per day is 69%, but only the 13% already had this daily habit. Since
the 12% did not agree with this point, highlighting the need to improve this issue.

Surprisingly, the 75% of elderly subjects understood the beneficial effects of

probiotics and prebiotics, while the 25% still had doubts.
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IS IT IMPORTANT TO FOLLOW A CORRECT DIET? IS IT IMPORTANT TO DRINK OFTEN THROUGHOUT

THE DAY?
1 ALREADY DO IT
" NO 6%
% I'LLDOIT
25%
YES
44%
® YES
88%
1 ALREADY DO IT ,
1595 I DON'T KNOW
12%
IS IT IMPORTANT TO VARY THE COLORS AND THEREFORE IS IT IMPORTANT TO HAVE AT LEAST 3 COMPLETE MEALS
THE TYPE OF FRUIT AND VEGETABLES AT EACH MEAL? DURING THE DAY?
) ® | ALREADY DO
rLLooIr T 13%
25%
1 DON'T KNOW
6%
NO
| ALREADY DO IT " YES 12%
6% 69%

= YES

69%

DID YOU UNDERSTAND WHAT PROBIOTICS AND
PREBIOTICS ARE AND THEIR FUNCTIONS?

I DON'T KNOW
25%

= YES
75%

Figure 9. The efficacy of the method as learning tool.

The last question was about the PROBIOSENIOR project (Figure 10). The elderly
subjects enrolled weren't aware about the type of supplementation they received. The
feedback obtained investigating the beneficial effects from probiotic functional foods on

the general well-being was 50%/50%, confirming the absence of negative effects on the

subjects.
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IF YOU HAVE TRIED FOODS ENRICHED WITH PROBIOTICS,
HAVE YOU NOTICED ANY BENEFITS ON YOUR GENERAL
WELL-BEING?

= YES
50%

I DON'T KNOW
50%

Figure 10. PROBIOSENIOR project impact on elderly.

9.4.1.3 Caregivers survey

The caregivers were also involved in this nutritional educational activity. An
heterogenous staff of 17 females and two males, with a mean age of 42 years old, was
recruited to view the videos and reply to the questionnaire.

The latter was organized in 12 questions. Six of them were referred to their personal
and professional experience, other four investigated the impact of PROBIOSENIOR
project, and the last two were focused on the effectiveness of the video-pills as
teaching/learning method. The collected results are presented in Figures 11 - 13.

The answers revealed that all caregivers recognized the importance of nutrition in the
daily treatment of patients. From a practical point of view, the 68% of them noticed
differences adopting specific nutritional approach on patients with similar pathological
status, while the 21% never thought about this aspect, and the 11% did not notice any
difference. Concerning the nutritional status of the subjects hosted in the boarding hore
the 58% considered that there is mainly a normal nutritional status, while the 42% replied
that malnutrition is prevalent. Similar conflicting answers were obtained about the
specific diet administered to elderly subjects, basing on their pathological situation. The
74% affirmed that the diet is personalized, while the 26% did not confirm. The different
answers collected were probably due to the different boarding homes where the

caregivers worked.
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DO YOU CONSIDER NUTRITION IMPORTANT IN THE
TREATMENT OF A PATIENT?

NO
0%

ON AVERAGE, HOW DO YOU CONSIDER THE NUTRITIONAL
STATUS OF THE PATIENTS YOU TREAT IN YOUR

HAVE YOU EVER NOTICED ANY DIFFERENCES BETWEEN
PATIENTS WITH SIMILAR PATHOLOGIES BUT DIFFERENT
NUTRITION?

I'VE NEVER
THOUGHT ABOUT
IT
21%

NO
11%

= YES
68%

IS THE MANAGEMENT OF THE DIET OF PATIENTS HOSTED
IN THE PLACE WHERE YOU WORK CARRIED OUTIN A

WORKPLACE? PERSONALIZED WAY BASED ON THE PATHOLOGY?
MAINLY A STATE No
26%
OF
MALNUTRITION
DUE TO EXCESS
MAINLY A STATE 42%
OF NORMO- = YES
NUTRITION 7a%
58%

Figure 11. Personal and professional experience of caregivers.

In general, PROBIOSENIOR project had a positive impact on the caregivers population,
as shown in Figure 12. Most of them (42%) already had experience with probiotics and
prebiotics, while the 58% was not aware about their functions. Moreover, the 47%
observed an improvement in elderly subject well-being after the probiotic
supplementation, but the 53% did not notice.

The supplementation was administered in a satisfying and sustainable way for 79% of
caregivers, while it can be improved for the 21% of them. Confirming this positive
feedback, the 79% foods

wanted to recommend these probiotic functional

supplementation to third parts.
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BEFORE THE START OF THIS PROJECT, WERE YOU IN YOUR EXPERIENCE, HAVE YOU NOTICED ANY
INFORMED ABOUT THE FUNCTION AND USEFULNESS OF IMPROVEMENTS IN PATIENTS AFTER TAKING THE
PROBIOTICS AND PREBIOTICS? TREATMENT?

YES
42% VES
47%
NO
" NO 53%
58%
IN YOUR EXPERIENCE, WERE THE ADMINISTRATION'S IN YOUR EXPERIENCE, WOULD YOU RECOMMEND
METHOD OF THE TREATMENT SUITABLE AND EASY TO SUPPLEMENTATION WITH PRODUCTS ENRICHED WITH
CARRY OUT? PROBIOTICS TO ANYONE?
NO NO
21% 11%
" YES
89%
= YES
79%

Figure 12. PROBIOSENIOR project impact on caregivers.

Figure 13 shows the impact of the video-pills method as innovative learning tool. The
74% of the caregiver staff believed that the videos are an efficient strategy and a good
alternative to a live learning experience. They also affirmed that this kind of activity may
help to increase the awareness of listeners. On the contrary, the 26% of caregivers did

not believe in the effectiveness of the communication’s method used for this audience.

ACCORDING TO YOUR EXPERIENCE, DO YOU THINK THAT IN YOUR EXPERIENCE, HAS VIEWING THE INFORMATIVE
THIS REMOTE INFORMATION MODEL HAS BEEN VIDEOS CONTRIBUTED TO RAISING THE AWARENESS OF
EFFECTIVE? PATIENTS AND THEIR FAMILIES?

NO NO
26% 26%

= YES

YES 74%

74%

Figure 13. The efficacy of the used method as learning tool.
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9.5 DISCUSSION AND CONCLUSIONS

Healthy diets have been demonstrated to play a key role in the health condition,
influencing physical activity, physical status and mental well-being. All these aspects
affect the quality of life of elderly people (Rusu et al., 2020). Moreover, the difficulties
that older adults have in managing nutrition and food safety by themselves contribute to
the increased incidence of malnutrition and a series of related conditions (Choi et al.,
2016).

According to the evidence and the purpose of PROBIOSENIOR Project, a collateral
activity was developed to increase the awareness on health and balanced diet, promoting
healthy ageing.

The proposed nutritional educational intervention aimed to increase knowledge,
confidence, and motivation to make changes in elderly people. This pilot project involved
only two boarding homes, to assess its feasibility and effectiveness. The program was
carried out using videos displayed in remote telematic mode, due to Covid-19 health
emergency and relative restrictions. It was a double challenge considering the high
average age of people involved.

Firstly, this innovative communication method was evaluated as a valid alternative to
the live teaching approach. The 94% of the elderly expressed the desire to participate
again to similar activities, supporting the effectiveness of this method even on older
people.

The success of this activity was also confirmed by most seniors who had a positive
impact on the daily habits, adopting little suggested changes. In addition, positive
feedback was expressed by caregivers (74%) who considered these videos as an
effectiveness method to increase the awareness on daily nutritional habits. On the
contrary, a percentage (26%) of care givers expressed concerns about using this method
in elderly context.

The impact of PROBIOSENIOR Project on elderly was also evaluated. The 50% of the
interviewed people recognized benefits after the supplementation, the remaining did not
notice any changes. Similar results were obtained from caregivers’ questionnaire; the 47%
of them observed an improvement in elderly health status, while the 53% did not.

This cross-section evaluation presented some limitations, due to the individual
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sensitivity and perception, the type of supplementation received (probiotic or placebo),
and other personal conditions that increased the variability of the results.

This activity, proposed in parallel with PROBIOSENIOR project, certainly contributed
to improve the knowledge on probiotics and their beneficial effects, in both elderly and
caregivers. The key aspects identified by the participants were: high-quality education,
plain and intelligible language, interactive format with practical activities, social
experience, and small size groups. In conclusion, this pilot intervention could provide a
basis for designing effective and measurable nutritional education programs for older

adults.
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CHAPTER X

FINAL CONCLUSIONS

As in many Western countries, in Italy the elderly population has been increasing
markedly. The proportion of elderly in Europe is expected to increase from 17% in 2010
to approximately 30% by the year 2060 (Eurostat, 2011). This demographic shift will most
probably increase the number of people with age-related diseases and disabilities. It is
crucial to find valid strategies that decrease morbidity by slowing down the ageing process
and thereby increase the healthful ageing. Nutrition is absolutely one of the most
effective strategies that can lead to healthy ageing, and it is a potential factor that can be
changed by elderly people themselves.

The ageing process is associated with a chronic, low-grade inflammatory condition
that is a well-established background in many age-related diseases (Franceschi and
Campisi, 2014). Inflammageing in the elder population is considered a risk factor for the
development of several pathologies and many recent studies investigate the use of
various inflammatory biomarkers such as C-reactive protein (CRP), interleukin-6 (IL-6) and
IL-1, and as predictors of physical and cognitive performance among elderly (Pepys and
Hirschfield, 2003).

CRP plays important roles in inflammatory and disease processes and host responses
to infection, and the normal levels increase with ageing. Its elevated levels in serum have
been identified to accompany increased vulnerability for disease and mortality in older
patients, such as an increased risk of sarcopenia, cardiovascular pathologies, disability and
cognitive decline in individuals over 65 years old (Velissaris et al., 2017).

Furthermore, older adults have a high prevalence of comorbid disease and
concomitant exposure to different medications, including antibiotics. The inflammageing,
through changes in lifestyle and age-related modifications in intestinal physiology, such
as impaired dentition and salivary function, decreased motility with constipation,
diverticular disease and dietary changes, profoundly affects also the homeostasis of the

gut microbiota (GM) (Zapata and Quagliarello, 2015).
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The intestinal microbiota, in eubiosis condition, plays a key role in host’s wellbeing,
providing nutritional, metabolic and immunological benefits such as the synthesis of
folate and vitamin B12, two critical vitamins in the elderly. The composition and
abundance of individual GM changes until adulthood, but a major shift in its composition,
called dysbiosis, can trigger harmful local and systemic inflammation, and also
pathological conditions (Ragonnaud and Biragyn, 2021). The change of some key GM
members, as Clostridium coccoides and Eubacterium rectale groups and Clostridium
cluster 1V, is associated with the depletion in butyrate and in an overall reduction of short
chain fatty acids (SCFAs) in the gastrointestinal (Gl) tract.

SCFAs, mostly acetate, butyrate and propionate, are microbiota metabolites
representing an important energy source for the host, but of note they can modulate the
immune functions and concur to maintain a functional Gl epithelial barrier (Makivuokko
et al.,, 2010). Consequently, the reduction of them can involve nutritional and
immunological effects, contributing to the health impairment of older people; moreover,
the increase in pro-inflammatory Enterobacteriaceae and the concomitant decrease in
anti-inflammatory GM components result in the establishment of a pro-inflammatory
microbial community, which can support the inflammageing process (Biagi et al., 2012;
Rampelli et al., 2013).

In this scenario, the microbiome manipulation of elderly adults could be a parallel,
innovative strategy to influence the development of ageing-associated comorbidities
(Zapata and Quagliarello, 2015).

The aim of our double-blind, placebo-controlled study was to investigate the effects
of a probiotics-based diet on the low-grade inflammation in clinically healthy older
people. Moreover, PROBIOSENIOR project wants to develop a platform that enables the
use of new functional foods and nutraceuticals containing probiotics, made with
innovative technologies.

Different probiotic products are already in the market, but none is specific for elderly
and above all, they do not have an innovative distribution, as proposed by this project.
Further innovation factor is the experimental research phase to realize functional foods
enriched with appropriate amount of high quality, patented probiotic bacterial strains to

guarantee maximum functionality.
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The main objectives of this study were to assess the effects of probiotic supplemented
diet on plasma concentration of high-sensitivity C-reactive protein (hsCRP), GUT
microbiota modulation, and consequently SCFAs production. Furthermore, the effects of
probiotics supplementation on 11 biogenic amines were assessed and the gene
expression pattern of TNF-a and IGF-1 was also investigated, followed by the quantitative

determination of the circulating level of IGF-1 in the elderly subjects.

MAIN FINDINGS

Some interesting findings have been demonstrated.

1. As supported by literature, a significant proportion of the elderly people under
study have had elevated HsCRP concentrations (Imhof et al., 2003). HsCRP is recognized
as marker of low-grade inflammation, but also of cardiovascular risk, myocardial
infarction and stroke (Pearson et al., 2003). In our study, the difference occurred from the
T1 and TO was significantly higher after probiotic intervention than the placebo (P<0.05).
In addition, a further subgroup analysis, the 6 months’ probiotic supplementation showed
a significant effect (P<0.05) on the protein level respect to the shorter one (less than six
months). This finding suggests that prolonged intervention is required to counter a
chronic situation as in inflammageing process elderly associated. The older subjects might
need longer treatment to achieve a gut microbiota stabilizing effect.

2. Another parameter strongly related to inflammageing is GUT microbiota. The gut
bacterial composition of the elderly is characterised by a decrease in Bacteroides spp.,
Bifidobacterium spp. and Lactobacilli spp. (Odamaki et al., 2016), but in our study, the
populations of Lactobacillus spp. significantly increased after probiotic treatment. This
positive result is probably due to the specific supplementation used. In addition,
Bifidobacterium spp. increased in probiotic group after supplementation, though the
improvement is not statistically significant. Finally, the prevalence of Clostridium difficile,
a major intestinal pathogen, dramatically increases in the elderly, probably due to the
antibiotic usage. We recorded the reduction of cell count of Clostridium coccoides-
Eubacterium rectale group after both supplementations, with no significant differences
for the treatment duration; but for Staphylococcus spp., a significant reduction (respect

to baseline data) was demonstrated in the probiotic group.
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No statistically significant difference in the a- and B-diversity in the samples of our
study during the treatment was observed but this was not surprising. Intestinal
microbiota tends to be quite stable during time in healthy subjects and it seems to have
a documented resilience to perturbations. Moreover, the high inter-individual variations
in the gut microbiota may have masked changes due to probiotic intake. Nevertheless, in
the present study, a specific effect of the probiotic treatment was observed probably
related to the long-term probiotic diet.

Results obtained with 16S NGS analysis revealed that the probiotic administration
significantly affected some phyla, families and genera abundance. In detail, we observed
a significant increase of Bifidobacteriaceae family and Bifidobacterium genus, that is
inversely correlated with inflammageing and consequent ageing-associated morbidity
and mortality (Mueller et al., 2006). We also found a significant increase in Akkermansia
spp., a mucin-degrading microbe that provides energy to other beneficial microbes, and
it is considered a biomarker for healthy ageing (Biagi et al., 2016).

3. Ageing is strongly associated with a progressively and significant reduction of
SCFAs in the GI tract. In our study, considering just the supplementation type, no
significant changes occurred in probiotic group with respect to placebo, after the
supplementation. Nevertheless, comparing the level of SCFAs, in the same group at
different time points (TO vs T1), a significant increase was observed in the probiotic group
only. Alterations in the abundance of the gut bacteria mediated by probiotic treatments
might change metabolic ability as well.

4. Biogenic amines (BAs) are molecules that may be useful to evaluate health status
of people, especially in old age, since they are involved in essential physiological functions
and are used as markers of important diseases.

In our study, the effects of probiotics supplementation on 11 BAs were assessed. A
high inter and intra-variability was observed at TO and T1. The levels of some polyamines
positively changed after probiotic supplementation respect to placebo; other BAs
remained stable, and others were not detected because out of ranges of detection and
guantification. Overall, the effect of probiotic supplementation was demonstrated as a
trend influencing some BAs more than others. Further investigations are necessary to
better understand the mechanisms behind the BAs modulation and its potential role in

healthy ageing.
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In elderly, inflammageing is associated also with a dysregulation of the immune
system, leading to an increase in the concentration of pro-inflammatory cytokines,
including tumour necrosis factor alpha (TNF- a), interleukin-6 (IL-6), and interleukin-1 (IL-
1) as markers of inflammageing and age-related diseases and disability. Moreover, a
marker of longevity seems to be Insulin-like growth factor 1 (IGF-1). In our study, we
focused on the gene expression pattern of TNF-a and IGF-1. Firstly, we recorded a
significant increase in circulating levels of IGF-1 in probiotic group, respect to placebo-
supplemented one. As second findings, TNF-a levels and its gene expression resulted
partially influenced by the dietary intervention. Overall, the data analysed indicate that
the probiotic supplementation used can modulate the GH/IGF-axis throughout GUT
microbiota modulation, with positive effects on the pathogenesis of sarcopenia and other
age-related morbidities.

In addition to hsCRP levels, also general haematological parameters were measured
to monitor health status of elderly throughout the study. The probiotic administration did
not contribute to significant changes in blood parameters, but a promising improving in
lipid profile was observed.

5. Among all available multidimensional tools, we used questionnaires as instruments
to investigate the elderly population, living in boarding homes and in private houses. We
evaluated all its aspects, including the lifestyle and eating habits, the nutritional status,
the intestinal regularity, the physical and psychological health, the pathological
anamnesis and pharmacological therapy. Our results revealed noteworthy positive
improving in nutritional status and psychological well-being, after probiotic
supplementation. On the other hand, lifestyle and eating habits, and the pathological
conditions did not show relevant changes after both supplementations. In conclusion, our
results suggest the apparent benefits of probiotic supplementation on psychological well-
being and nutritional status, improving the quality of life in elderly.

The prevention program was a further effective instrument applied in this study.
Considering the importance of the diet and the difficulties to manage the nutrition
according to the individual energy requirements and physio-pathological status, we
developed nutrition educational activities to improve healthful ageing, preventing
malnutrition and relative morbidities. The program involved the elderly community of

two boarding homes, and the caregivers. Firstly, the survey revealed that most people
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recognized a positive impact on their daily nutritional habits. Moreover, this
communication method resulted effective for elderly. Overall, this intervention certainly
improved the knowledge and awareness on nutrition and probiotics, in both elderly and

caregivers, suggesting the importance to develop specific preventing programs.

CONCLUSIONS

Although the two bacterial strains making up the blend were isolated from the
intestine of elderly subjects, it is hard to define a typical gut microbiota composition of
elderly (Silvi et al., 2003; An et al., 2018). The high variability of elderly condition and all
factors influencing it may represent a limit in several studies.

Despite all, PROBIOSENIOR demonstrated to be an ideal support for healthy ageing
and may have a significant impact on the social-health system. The 40% of the general
population in Western countries is affected by functional disorders such as dyspepsia and
irritable bowel syndrome (IBS), which includes constipation, bloating, impaired digestion,
digestive pain and intermittent diarrhoea. Combining the knowledge about the influence
that diet has on ageing and its potential role to prevent age-related diseases, the way will
open for making the microbiota the target of intervention to improve the wellbeing of the

elderly.
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ANNEXES

Annex 1. Flyer of PROBIOSENIOR Project.

Il nostro obiettivo & di migliorare la
qualita della vita delle persone
anziane, favorendo il mantenimento
del loro stato di salute e benessere
intestinale attraverso lo sviluppo di
un' alimentazione funzionale a base
di probiotici.

- il team di PROBIOSENIOR -

FEEIr™Y &5

® Foke Qoooss

@ synbiode’ [ yicianys
SERERNE i Cavifiaovhil dipa

I partner di PROBIOSENIOR

Synbiotecs.r.l.

Synbiofood s.r.l.

Caseificio Val d'Apsa

IT Innovative Technology s.r.l.
Fidokas.r.l.

Unione Montana Alte Valli del
Potenza e dell'Esino

Unione Montana Marca di
Camerino

Unione Montana dei Monti
Azzurri

COOSS Marche Onlus

Labor S.p.A.

in collaborazione con
I'Universita degli Studi di
Camerino e |'Universita degli
Studi di Firenze.

Hai un amico o familiare che potrebbe

essere interessato al progetto?
CONTATTACH!

info@probiosenior.it
0737-85338 (Cooss Marche )
0737-402476/79 (Synbiotec)

p@@gq:mon

Sviluppo di nuovi alimenti
funzionali probiotici e nutraceutici
per migliorare la qualita della vita
dei senior

REGIONE =g
lll(l!
B

Progetto finanziato dal
Programma Operativo Regionale
FESR - Regione Marche

Obiettivo Strategico 3.1

Prova anche tu gratuitamente
i nostri alimenti PROBIOTICI!

Cosadevo fare se
decido di partecipare?

Nella prima fase della sperimentazione il
personale socio-sanitario ti contattera
per compilare un questionario e ti dara
supporto per rispondere correttamente
alle domande. Il questionario ci servira
per sviluppare un pacchetto di alimenti
probiotici basato sulle tue abitudini
alimentari, il tuo stile di vita, i tuol
parametri fisiologici, allergie e
intolleranze.

B e

Prima dell'inizio del periodo di

Come sara lamia nuova
alimentazione?

Durante la seconda fase inizierai ad
assumere gli alimenti probiotici pensati
per te, Ti sara richiesto di consumare
almeno un alimento al giorno, a scelta
tra quelli forniti: yogurt (vari gusti),
mozzarella, primo sale, ricotta, barretta
di cloccolato, centrifugato di frutta.

Gli alimenti scelti ti verranno

consegnati direttamente a domicilio

unavolta a settimana e per tuttala

durata della somministrazione degli
limenti (6 mesi).

ione degli ali i probiotici,
I'infermiere referente valutera le tue
condizioni di salute e, previo consenso
scritto, ti verra prelevato un campione
di sangue, urine e feci. La visita medica
verra ripetuta periodicamente e per
tutta la durata delle attivita
sperimentali.

Al termine di tale periodo ti verra
prelevato un secondo campione di
sangue, urine e feci.

RICORDA: LA PARTECIPAZIONE E

VOLONTARIA E NON TI SARA CHIESTO DI
CAMBIARE LE TUE ABITUDINI ALIMENTARI!

La tua opinione ci interessa

8 A

La terza ed ultima fase prevede
un'ulteriore raccolta dati utile per:

1. valutare il progetto

2. monitorare | tuoi parametri
fisiologici dopo il periodo di
assunzione degli alimenti

3. capire il tuo livello di soddisfazione
degli alimenti assunti.

Infine, ad un mese dall'interruzione
del periodo di somministrazione degli
alimenti, ti verra prelevato un terzo
campione di sangue, urine e feci.

Quali sono | vantaggi?

Alimentazione Funzionale
Benessere Intestinale
Rafforzamento del Sistema Immunitario
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Annex 2. Lifestyle and eating habits questionnaire.
Personal data:

Age range:

— 65-70years

— 70-75years

— 75-80years

— Over:

— Weight (kg):
Height (m):
Waist circumference (cm):

Lifestyle questionnaire

1) You live:
— alone

with the spouse-cohabitant

in family
— inastructure
2) Where is your house:
— urban centre
— town / village
— isolated
3) In case of need have you ever addressed to your neighbours?
— sometimes
— never
— Other:
4) Did you need home delivery?
— never
— to do the shopping / cooking
— for house cleaning

for injections / dressings
— Other:

5) Have you ever had experience of delivery shopping / meals at home?

— Yes

— No

e If YES: have you been satisfied?
— Yes
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— No
— Other:
e |f NO: would you like to try?
— Yes
— No
— Other:
6) Would it be inconvenient or discomfort the weekly visit of a courier for the delivery of
shopping / meals at home?
— Yes
- No
7) In which time slot would NOT want deliveries to occur? (because you are resting, eating,
you usually come out ...)
— before 8:00
— from 8.00to 12.30
— from 12:30 to 14:30
— from 2.30pm to 6.30pm
— after6:30 pm
8) Are you doing any physical activity?
- Yes
- No
If yes, what kind of activity (walking, cycling, dancing, etc.)? :

How often?
— everyday
— from 1to 3 times a week
— rarely
9) Do you go out for lunch or dinner?
- Yes
- No
e How often?
— 1ltime a week
— 1-2times a month
— rarely
10) Are you taking vitamin or mineral or dietary supplements?
(Indicate which vitamins or mineral salts or supplements you are taking):

11) Are you taking dietary supplements and food bars?
— Yes
— No, | stopped
— No
e Ifso: How do you evaluate the use of dietary supplements?:
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e If you stopped: Why did you stop using dietary supplements?:

12) Are you taking drugs?
— Yes
— No
e Ifso:
Do you take more than 3 kinds of drugs?
— Yes
— No
Do you have difficulty remembering hiring schedules?
— Yes
— No

Eating habits

1) Do you suffer from any kind of intolerance and / or allergy?
- Yes
— No
e Ifso:towhat?:

2) Are you following a particular diet?

- Yes

- No

e If so, which one:
— vegetarian
— vegan
— gluten free
— Other:

3) How many complete meals do you usually consume in a day?
— 2 meals
— 3 meals
— 4 meals
— Other:
4) How many times a week do you eat pasta or rice or pizza?
— everyday
— 4-6 days
— 2-3 days
— 0-1days

e Do you usually eat them more often:
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— atlunch

— atdinner

— for lunch or dinner

— both for lunch and dinner

5) How many times a week do you eat bread / breadsticks / crackers?

everyday
4-6 days
2-3 days
0-1 days
You usually eat them more often:
— atlunch
— atdinner
— for lunch or dinner
— both for lunch and dinner

6) How many times a week do you eat dairy products? (e.g. milk or cheese)

everyday

4-6 days

2-3 days

0-1 days

You usually eat them more often:
— atlunch

at dinner

for lunch or dinner

— both for lunch and dinner
What are the dairy products you consume most often:
— milk
— yogurt
— fresh cheeses
— ripened cheese
— Other:

7) How many times a week do you eat legumes or eggs?

everyday

4-6 days

2-3 days

0-1 days

You usually eat them more often:
— atlunch
— atdinner
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8) How many times a week do you eat based-meat products?

— for lunch or dinner
— both for lunch and dinner

everyday
4-6 days
2-3 days
0-1 days
You usually eat them more often:
— atlunch
— atdinner
— for lunch or dinner
— both for lunch and dinner

9) How many times a week do you eat meat or fish?

everyday

4-6 days

2-3 days

0-1 days

You usually eat them more often:
— atlunch

at dinner
for lunch or dinner

— both for lunch and dinner
Between meat and fish you eat more frequently:
— meat
— fish
— both of them

10) How many times a week do you eat sweets?

everyday
4-6 days
2-3 days
0-1 days
You usually eat them more often:
— after the main meals
— asasnack
What are the desserts that you consume most often:
— packaged biscuits / snacks
— cakes / homemade pies or pies from the baker
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— ice cream
— candies
— Other:

11) How many times a day do you eat fruit?
— never
— Other:
e You usually eat it more often:
— after the main meals
— asasnack
e What is the way to eat fruit that you prefer and / or consume more often?
—  fruit
— cooked fruit
— fruit pulp
— centrifuged / smoothie
— fruit juice
— Other:

12) How many times a day do you consume vegetables?
— never
— Other:

13) How many glasses of water (alternatively Tea) do you drink per day?
— less than 3 glasses
— from 3 to 5 glasses
— more than 5 glasses

14) What other drinks do you have?
— fruit juices
— soda or sweetened drinks (coca cola, orange, lemon, cedar, etc)
— Other:

15) Do you have one or more snacks during the day?
— never /rarely
— inthe morning

in the afternoon
— both in the morning and in the afternoon

What you usually consume during the snack:
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16) Is the packaging of a product influencing the choice of a food or a brand, rather than
another ?

— Yes

— No

— Indifferent

17) What kind of packaging do you prefer?
— single-dose

family packs
bulk food
— Other
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Annex 3. Pathological anamnesis and Pharmacological therapy
questionnaire

1) Alteration of lipid metabolism:
e High cholesterolemia or to take antidyslipidemic therapy
— Yes
— No
e High triglyceridemia or antidyslipidemic therapy
— Yes
— No

2) Alteration of glycaemic compensation
e High blood sugar (above 116 mg)
- Yes
— No
e Diabetes and/or to take oral therapy or insulin
— Yes
- No

3) Diseases of cardiovascular system

e Arterial hypertension or to take antihypertensive therapy
- Yes
- No

e Atherosclerotic disease (coronary heart disease, angina, heart attack, stroke, etc.)
- Yes
- No

e Cardiac insufficiency (breathlessness, sweating) during acts of daily life or at rest.
- Yes
- No

4) Respiratory app.
e Sleep apnoea (OSAS) or restrictive respiratory failure (COPD), documented with
spirometry/cardiorespiratory monitoring/polysomnography

— Yes
- No

e Wheezing during moderate exertion (e.g. climbing a flight of stairs) or snoring
— Yes
— No
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5) Skeletal app.
e Arthrosis (hip, knees, rachis) already documented with radiography or other
investigation
— Yes
— No
e Touse an aid.
— stick
— walker
— pram

— Nno

6) Genitourinary app.
e Polycystic ovary documented ultrasonically
— Yes
— No
e Stress incontinence (e.g. loss of urine during exertion or cough)
- Yes
- No

7) Gastroenteric App.
e Fatty liver, calculi of the cholecyst documented ultrasonically, gastritis, reflux
— Yes
- No

8) Neurological App.
e Parkinson
- Yes
- No
e Epilepsy
- Yes
- No

9) Surgery
e Have you undergone surgery? If yes, and in which year:
— Other:
- No

10) Family history
e Family history of premature cardiovascular disease (myocardial infarction, stroke,

and/or sudden death before age 55 for the father or 65 for the mother)
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— Yes

11) Behaviour
e Major depressive disorder, bipolar disorder, schizophrenic disorder, borderline and
antisocial personality disorders, panic and obsessive-compulsive disorders, certified
by a physician, psychotherapist and/or psychiatrist
— Yes
— No
e Alterations of eating behaviour (stress eating)
— Yes
— No
e Eating Behaviour Disorders such as bulimia nervosa, nutritional feeding, nocturnal
nutrition certified by a medical psychotherapist and/or psychiatrist
- Yes
— No

12) Others

e Have you 3 or more ambulatory weight loss programs failed?
— Yes
- No

e Have you already been admitted to the Nutritional Rehabilitation Unit in the past?
- Yes
- No

e Are you self-sufficient? if not specify what help is needed
- Yes
— Other:

e Need for oxygen therapy and / or respirator?
- Yes
- No

e Use of current or past substances. (If in the past indicate year)
- No
— Other:

e Abuse of wine or other alcoholic beverages (e.g. more than 3 glasses a day)?
— Yes
- No

Therapy in place
Indicate the drug name, daily dosage and motivation of the therapy in progress.
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Annex 4. Mini Nutritional Assessment (MNA).

Mini Nutritional Assessment

MNA®

Last name:

Nestlé
Nutritioninstitute

First name:

Sex Age: Weight, kq:

Height, cm: Date:

Complete the screen by filling in the boxes with the appropriate numbers.

Add the numbers for the screen. If score is 11 or less, continue with the assessment to gain a Malnutrition Indicator Score.

Screening

A Has food intake declined over the past 3 months due to loss
of appetite, digestive problems, chewing or swallowing
difficulties?

0 = severe decrease in food intake
1 = moderate decrease in food intake
2 =no decrease in food intake D

B Weight loss during the last 3 months
0 = weight loss greater than 3kg (6 .6lbs)
1 = does not know
2 = weight loss between 1 and 3kg (2.2 and 6.6 Ibs)
3 = no weight loss

C Mobility

0 = bed or chair bound
1 = able to get out of bed / chair but does not go out

2 = goes out [
D Has suffered psychological stress or acute disease in the

past 3 months?

0= yes 2=no O

E Neuropsychological problems
0 = severe dementia or depression
1= mild dementia
2 = no psychological problems D

m

Body Mass Index (BMI) (weight in kg) / (height in m?)

0= BMI less than 19

1= BMI 19 to less than 21

2= BMI 21 to less than 23

3 = BMI 23 or greater ]

Screening score (subtotal max. 14 points)

12-14 points: Normal nutritional status
8-11 points: At risk of malnutrition
0-7 points: Malnourished

For a more in-depth assessment, continue with questions G-R

Assessment

G Lives ind dently (not in

1= yes 0=no

ing home or hospital)

H Takes more than 3 prescription drugs per day
0=yes 1=no

| Pressure sores or skin ulcers
0= yes 1=no O

References
1. Vellas B, Villars H, Abellan G, ef al. Overview of the MNA® - Its History and
Challenges. J Nufr Health Aging. 2006; 10:456-465.

2. Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for
Undernutrition in Geriatric Practice: Developing the Short-Form Mini
Nutritional Assessment (MNA-SF). J. Geront. 2001, 56A: M366-377

3. Guigoz . The Mini-Nutritional Assessment (MNA®) Review of the Literature - What
does it tell us? J Nutr Health Aging. 2006; 10:466-487.

@ Société des Produits Nestlé, S A, Vevey, Switzedand, Trademark Owners

@ Nestlé, 1984, Revision 2009, N67200 12/89 10M

For more information: www.mna-elderly.com

J How many full meals does the patient eat daily?
0=1 meal
1= 2 meals
2 =3 meals O

K Selected consumption markers for protein intake
At least one serving of dairy products

(milk, cheese, yoghurt) per day yes I:l no I:I
« Two or more servings of legumes

or eggs per week yes (] no g
« Meat, fish or poultry every day yes [1no [

00=if0or1 yes

05=if2yes

1.0=if 3 yes anf
L Consumes two or more servings of fruit or vegetables

per day?

0=no 1=yes O

M How much fluid (water, juice, coffee, tea, milk...) is
consumed per day?
0.0 = less than 3 cups
0.5=3to 5 cups
1.0 = more than 5 cups

0o

N Mode of feeding
0 = unable to eat without assistance
1 = self-fed with some difficulty
2 = self-fed without any problem D

O Self view of nutritional status

0 = views self as being malnourished
1 = is uncertain of nutritional state
2 = views self as having no nutritional problem D

o

In comparison with other people of the same age, how does
the patient consider his / her health status?
0.0 = not as good

0.5 = does not know

1.0 = as good

2.0 = better

0o

Q Mid-amm circumference (MAC) in cm
0.0 = MAC less than 21
0.5=MAC 2110 22
1.0 = MAC 22 or greater

0o

R Calf circumference (CC) in cm

0=CC less than 31
1=CC 31 or greater O

ooo
0ao
oano

Assessment (max. 16 points)
Screening score

Total Assessment (max. 30 points)

Malnutrition Indicator Score

24 to 30 points O Normal nutritional status
17 to 23.5 points O At risk of malnutrition
Less than 17 points [ ] Malnourished
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Annex 5. The Psychological General Well-Being Index (PGWBI).

1) In the last 4 weeks, how did you feel in general?
— In excellent spirits
— Invery good spirits
— In good spirits mostly
— | have been up and down in spirits a lot
— Inlow spirits mostly

— Invery low spirits

2) In the last 4 weeks, have you been bothered by diseases, physical disorders or pains?
— Every day
— Almost every day
— About half of the time
— Several times, but less than half the time
— Rarely
— Never of the time

3) In the last 4 weeks, have you felt depressed?
— Yes, to the point that | felt like taking my life
— Yes, to the point that | did not care about anything
— Yes, | felt very depressed almost every day
— Yes, | felt quite depressed several times
— Yes, | felt a little depressed sometimes
— No, I've never felt depressed

4) In the last 4 weeks, have you firm in control with your behaviour, thoughts, emotions
and feelings?

—  Yes, of course

— Yes, almost completely

—  Yes, generally

— Not too much

— No, and | am somewhat disturbed

— No, and | am very disturbed

5) In the last 4 weeks, have you been bothered nervousness or your “nerves”?
— Extremely, so-to the point where | could not work or take care of things
— Very much so
— Quite a bit
— Some, enough to bother me
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A bit
Not at all

6) In the last 4 weeks, how much energy or vitality did you have or feel?

Very full of energy-very lively

Quite full of energy most of the time

| had significant ups and downs of vitality and energy

My energy or vitality level was generally low

My energy or vitality level has almost always been very low
| felt powerless, emptied, devoid of energy or vitality

7) In the last 4 weeks, | felt discouraged and sad.

None of the time

A little of the time
Some of the time

A good bit of the time
Most of the time

All of the time

8) In the last 4 weeks, have you been generally tense or have you felt tension?

Yes, | was extremely tense most or all the time

Yes, | was very tense most of the time

Generally not, but it happened to me several times to feel rather tense
Sometimes | felt a little tense

My level of tension was quite low

I never had the feeling of being tense

9) In the last 4 weeks, how happy or satisfied or pleased have you been with your personal

life?

Really very happy-I could not have been more satisfied or pleased
Very happy most of the time

In general, very satisfied - pleased

Sometimes fairly happy, sometimes fairly unhappy

In general, dissatisfied or unhappy

Almost always or always very dissatisfied or unhappy

10) In the last 4 weeks, have you felt so good to do what you wanted or had to do?

Yes definitely
Yes, to do almost everything | wanted or had to do
My health problems have limited me to some important things
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Because of my health | am barely able to take care of myself
| needed some help to take care of myself
| needed help for everything or almost everything | had to do

11) Over the past 4 weeks, have you felt so sad, discouraged, hopeless or have had so
many problems that you wondered if anything was worthwhile?

Yes, enormously enough to the point that | have just about given up
Very so much

Quite a bit

Yes, enough to bother me

A little bit

Not at all

12) In the last 4 weeks, | woke up feeling fresh and rested.

Never

Hardly ever

A part of the time
A lot of time
Almost always
Always

13) Have you felt apprehension, worry or fear for your health in the last 4 weeks?

Extremely so

Very mush so
Quite a bit

Some, but not a lot
Practically ever
Not at all

14) In the last 4 weeks, did you have any reason to wonder if you were losing your mind or

if you were losing control of your memory, from the way you act, talk, think or feel?

Not at all

Only a little

Some, but not enough to be concerned or worried about
Some and | have been a little concerned

Some and | am quite concerned

Yes, very much so and | am very concerned

15) In the last 4 weeks, my daily life has been interesting for me.

Never
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— Hardly ever

— A part of the time
— Alot of time

— Almost always

— Always

16) In the last 4 weeks, have you felt active, strong or slow, lazy?
— Always very active and strong
— Almost always active and strong - never really slow and lazy
— Quite active and in force - rarely slow and sluggish
— Quite slow and lazy - rarely active and in strength
— Almost always slow and lazy - never really active and strong
— Always very slow and lazy

17) In the last 4 weeks, have you been anxious, worried or angry?
— Extremely, so much to feel bad or almost
— Very much so
— Quite a lot of
— Some, enough to bother me
— Alittle bit
— Notat all

18) In the last 4 weeks, | felt emotionally stable and sure of myself.
— Never
— Alittle of the time
— Some of the time
— Agood bit of the time
— Most of the time
— Always
19) In the last 4 weeks, have you felt relaxed, ease or felt very tense, nervous or keyed up?
— Always relaxed and peaceful
— Almost always relaxed and peaceful
— Generally relaxed and calm, but sometimes quite tense
— Generally very tense, but sometimes quite relaxed
— Almost always very tense, nervous, or keyed-up
— Always very tense, nervous, or keyed-up

20) In the last 4 weeks, | felt happy and serene.
— Never
— Hardly ever
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— A part of the time
— Alot of time

— Almost always

— Always

21) In the last 4 weeks, | felt tired, worn out, used up or exhausted.
— Never
— Hardly ever
— A part of the time
— Alotof time
— Almost always
— Always

22) In the last 4 weeks, have you been under or felt you have been under strain, stress or
pressure?

— Yes, almost more than | could bear or stand

— Yesalot

— Yes, enough - more than usual

— Yes, enough - but almost usual

— Yesabit

— Notatall

227



Annex 6. Presentation for the video “Nutrition for older adults”.

ﬂ‘ﬂ%ﬂi@ R Q)cooss
 yomon & 0 @

Sviluppo di nuovi alimenti
funzionali probiotici e nutraceutici
per migliorare la qualita della vita

dei senior

Progetto finanziato dal
Programma Operativo Regionale
FESR - Regione Marche

Obiettivo Strategico 3.1

«NONNA! STAI DIVENTANDO SEMPRE PIU PICCOLA!»

COSA CAMBIA NELLORGANISMO SENILE?

* Riduzione della massa MAGRA;

* Aumento della massa GRASSA;

* Alterata percezione dei SENSI e degli STIMOLI;
« Difficolta MASTICATORIE;

* Funzionalita del’APPARATO DIGERENTE;

«LA DIETA SALUTARE»

Considerate le ifisiche e compor i

* IL FABBISOGNO NUTRIZIONALE
* LA GIUSTA PROPORZIONE DEI NUTRIENTI
* LEQUILIBRIO ENERGETICO

LA DIETA MEDITERANN
FRUGALITA’, EQUILIBRIO, VARIETA"

GRASSI:SCEGLI LA QUALITA E LIMITA LA QUANTITA

* Forniscono energia concentrata;

* Apportanoacidi grassi essenziali (acido linoleico Omega-6 e acido linolenico Omega-3);

25 % - c Fassorbimento di vitamine A-D-E-K;
» * | lipidi sono. P i fond: i della membr lul:

+ Ricorrerealla proprie origini mediterranee utilizzando olio ExtraVergine di Oliva;
« Eliminare il grasso visibile dalla carne;

« Limitare fritture e formaggi;

* Mangiare pesce fresco, bianco e azzurro;

« Consumare tranquillamente le uova, almeno 2 a settimana; >

ita di una dieta ‘salutare’ che rispetti:

ATAVOLA NELLA
TERZA ETA’

GOAL: EVITARE LA MALNUTRIZIONE

PER ECCESSO

.

Sovrappeso Obesita

PER DIFETTO

Denutrizione

Dal punto di vista qualitativo una condizione di MALNUTRIZIONE
‘& protratta nel tempo comporta prevalentemente una carenza di
proteine, ferro, calcio, zinco, vitamine A-C-E-D-B1-B2 e folati.

PIU CEREALI, LEGUMI, ORTAGGI E FRUTTA

Sono alla base di una alimentazione sana!
Apportano:
+ Carboidrati - Soprattutto amido e FIBRA
* Vitamine
* Sali Minerali

* Antiossidanti .
* Proteine \\

VARIA SEMPRE LE TUE SCELTE PROTEICHE

+ Gli alimenti ricchiin proteine sono molto importanti al fine di assi buon i della massa
magra che compone il nostro organismo.

* Assicurati che siano presenti almeno 2 PORZIONI al giorno di fonti proteiche ‘NOBILI".

* PESCE -> 3-4 volte a settimana;
10:]5%

* LEGUMI - 3 volte a settimana;
* UOVA > 2-3 volte a settimana;
* CARNE > 2 volte a settimana;
-+ FORMAGGI (preferire quelli freschi) = 2 volte a settimana;
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SAPERE | SAPORI - LA FISIOLOGIA DEL GUSTO COSATRATTEREMO ATTRAVERSO BREVIVIDEO:

Il momento dell'alimentazione non pu essere ridotto alla semplice introduzione di cibo nell'organismo,
distinguibile in base ai diversi sapori.

L'ALIMENTAZIONE & molto di pit, quando ci avviciniamoad un piatto intervengonoi nostri OCCHI che ne * LACQUA ~ Limportanza di mantenersi idratati;

apprezzanoi COLORL, il nostro OLFATTO che ne percepisce il PROFUMO, il TATTO che ne giudicala S " A S
CONSISTENZA, 'UDITO che ne percepisce la MUSICALITA' della cottura. O o= Peepaatein P
Tutto questo poi & ricondotto a quell'angolino del nostro cervello, il nostro*SAPERE', pronto a verificare la * | COLORI DELLA SALUTE — La prevenzione a tavola;

buona riuscita,ad apprezzare la bonta,a rievocare | RICORDI, TRADIZIONI, AFFETTI.

@’7.,\

(Deleuse M., 2020. Degree Thesis “Food habits improving strategies and monitoring some circulating factors
in elderly subjects on probiotic supplementation”)

+ PROBIOTICI E PREBIOTICI — Cosa sono e come possiamo introdurli nella nostra dieta;
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Annex 7. Presentation for the video “The importance of water”.

LACQUA

LIMPORTANZA DI MANTENERSI IDRATATI

LACQUA E'VITA

Si puo sopravvivere anche |0 settimane senza mangiare,ma NON si puo fare lo stesso

ip ituite da acqua.

senza bere poiché le cellule del nostro organismo sono pri

Abutro ANZIANG

70% By 50% & Lacqua & dunque un COSTITUENTE

FONDAMENTALE del nostro organismo e,

r10 '}'3‘6‘3“’ ‘ .
85% ® %o | sebbene non fornisca energia e quindi non

apporti calorie, & ESSENZIALE per lo

: |
o & B8 {5

svolgimento di numerosi processi fisiologici.

IL ‘BILANCIO IDRICO’

Il MECCANISMO DELLA SETE ha un tempo di risposta ritardato e spesso interviene

solo quando la PERDITA DI ACQUA & gia stata tale da provocare i primi effetti negativi.

Particolarmente negli individui anziani il

ENTRATE ¢ uscITE
IDRICHE

meccanismo della sete puo essere ALTERATO e

quindi molte persone rischiano di non rimpiazzare

COME COMPORTARSI?

*ASSECONDARE sempre il SENSO DI SETE e anzi tentare di anticiparlo, bevendo a sufficienza,
almeno 1,5L di acqua al giorno.

« Bere FREQUENTEMENTE e in PICCOLE QUANTITA, lentamente, soprattutto se 'acqua é fredda.
+ LEQUILIBRIO IDRICO deve essere bevendo

acqua, ricorda che bevande

diverse (aranciate, succhi di frutta, caffé, té) oltre a fornire acqua apportano anche altre sostanze che

e i le perdite di

acqua andando incontro a DISIDRATAZIONE.

UN CONSIGLIO...FURBO!

Una piccola strategia per bere acqua piu
VOLENTIERI ed a sufficienza potrebbe essere
quella di REALIZZARE IN CASA ACQUE
AROMATIZZATE arricchendo la comune acqua con
del succo di LIMONE, foglie di MENTA, ZENZERO

o altre erbe aromatiche.

calorie (ad esempio zuccheri semplici) o che sono farmacologicamente attive (caffeina).
+ Consumare una buona dose di FRUTTA FRESCA e VERDURA DI STAGIONE al fine di integrare

acqua anche attraverso gli alimenti.

GRAZIE PER
LATTENZIONE!

(Deleuse M., 2020. Degree Thesis “Food habits improving strategies and monitoring some circulating factors

in elderly subjects on probiotic supplementation”)
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Annex 8. Presentation for the video “The healthy eating plate”.

COSA INTENDIAMO PER ‘PIATTO SANO"?

IL PIATTO SANO__
A k = k= Il PIATTO SANO rappresenta un PASTO
EQUILIBRATO e salutare ispirato alla DIETA
MEDITERRANEA. || messaggio principale del ‘Piatto

del Mangiar Sano' & di concentrarsi sulla QUALITA

IL PIATTO SANO

COME PREPARARE UN PASTO BILANCIATO

della dieta. Potrebbe essere un buon aiuto al fine di

preparare PIATTI COMPLETI ad ogni pasto.

REGOLE D’ORO PER UN ‘PIATTO SANO’ REGOLE D’ORO PER UN ‘PIATTO SANO’

+ Componi la PARTE PRINCIPALE del tuo pasto con ORTAGGI e FRUTTA, circa la META * Aggiungi una porzione di PROTEINE ‘NOBILI' come CARNE BIANCA, PESCE BIANCO e
del piatto. Varia freq le scelte do sempre di PRODOTTI AZZURRO, UOVA e LEGUML. Limita il consumo di CARNI ROSSE e trasformate ad UNA
FRESCHI DI STAGIONE. VOLTA A SETTIMANA. FORMAGGI FRESCHI per un massimo di 2VOLTE A SETTIMANA.

* Scegli CEREALI INTEGRALI per circa '+ del tuo piatto. Puoi cambiare ad ogni pasto * Usa come condimento OLIO EXTRA VERGINE DI OLIVA, limitando grassi animali come il
alternando pasta, riso, pane ed altri cereali in chicchi come I'avena e il farro o anche la burro ed altri olii vegetali. Una GIUSTA PORZIONE di olio extra vergine d'oliva si aggira

IL PIATTO SANO
a 5

-
&

i mai iscil IL PIATTO SANO
polenta di mais se la gradisci! N <

intorno ai 10-12 grammi a pasto, circa UN CUCCHIAIO DA MINESTRA.

PREPARIAMO INSIEME UN ‘PIATTO SANO’

~* Una porzione di riso integrale, circa 70-80g pesato da crudo.

* Una porzione di carnc bianca, circa 120-150g, come petto di pollo,
tacchine, coniglio che possamo cuocere in padella o ai ferri. Puoi
aggiungere limone in cottura e se ti piace, passare la fettina in poca farina
prima di cuocerla cosi da renderfa anche pii: morbida alla masticazione.

+ Una porzione di zucchine stufate in padella o altra verdura di stagione;

+ Un cucchiaio di olio extra vergine d'oliva e una spolverata di sale, spezie
ed erbette aromatiche se le gradiscl.

+ Una porzione di fragole condite con limone o altra frutta di stagione:

(Deleuse M., 2020. Degree Thesis “Food habits improving strategies and monitoring some circulating factors
in elderly subjects on probiotic supplementation”)
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Annex 9. Presentation for the video “The colours of health”.

5 BUONI MOTIVI PER MANGIARE ‘COLORATO’

* La FRUTTA e gli ORTAGGI sono buoni e incredibilmente versatili, ricchi di
VITAMINE e MINERALI essenziali;

I COLO R' DELLA SALUTE * Queste sostanze svolgono un'azione PROTETTIVA su diversi sistemi e apparati

del nostro organismo;

LA PREVENZIONE ATAVOLA
* Frutta e verdura sono alimenti principalmente a BASSO CONTENUTO di

ENERGIA, forniscono zuccheri facilmente assimilabili e particolarmente utili;
* Hanno ALTO potere saziante grazie al buon contenuto di FIBRE;

* Hanno potere IDRATANTE considerato 'ALTO contenuto di ACQUA;

Ly 'y
| 5 'COLORI DELLA SALUTE LA PREVENZIONE E UN MONDO A COLORI
| principali COLORI delle nostre verdure sono il BLU/VIOLA, il VERDE, il /- [, * ROSSO: Anguria, Arancia rossa, Barbabietola rossa, Ciliegia, Fragola, Pomodoro, Ravanello,
il oL/ 20 ed il ROSSO. Le DIVERSE TONALITA di colore vengono conferite Rapa rossa. Sono potenti ANTIOSSIDANTI, molto efficaci nella PREVENZIONE delle

MALATTIE CARDIOVASCOLARI e dei TUMORI contrastando la produzione di RADICALI

alle diverse varieta di verdure da particolari SOSTANZE chimiche CONTENUTE al loro LIBERI. Svolgono un'azione concreta anche nel TRATTO URINARIO e sulla MEMORIA.

interno, soprattutto POLIFENOLI e FLAVONOIDI, molecole ANTIOSSIDANTI

* Clnllcissrn ol Albicocea, Arancia, Carota, Clementina, Kaki, Limone, Mandarino,
che hanno una FUNZIONE PROTETTIVA sul cuore, Melone, Nespola, Peperone, Pesca, Pesca nettarina, Pompelmo, Zucca. Sono ottimi per la
svolgono una FUNZIONE ANTITUMORALE e contrastano VISTA, per la PELLE ed il SISTEMA IMMUNITARIO contrastando anch’essi la produzione di

RADICALI LIBERI contribuendo al benessere diffuso dei nostri organi e sistemi.

LINVECCHIAMENTO CELLULARE.

LA PREVENZIONE E UN MONDO A COLORI LA PREVENZIONE E UN MONDO A COLORI

* VERDE: Agretti, Asparagi, Basilico, Bieta, Broccoli, Carciofo, Cavoli, Cetriolo, Cicoria, Cime di
rapa, Indivia, Kiwi, Lattuga, Spinaci, Uva, Zucchina. Importanti per la VISTA, la salute delle OSSA,
dei DENTI e della PELLE. Importante azione delle verdure verdi & quella svolta nei confronti
della PREVENZIONE delle MALATTIE NEUROLOGICHE e CARDIOVASCOLARI.

* 21 12 Aglio, Cavolfiore, Cipolla, Finocchio, Funghi, Mela, Pera, Porri, Sedano, Noci,
Nocciole, Mandorle, Castagne. La piti importante azione viene svolta nei confronti della
RIDUZIONE DEL RISCHIO della formazione di TUMORI contrastando
LINVECCHIAMENTO CELLULLARE. Frutta e ortaggi a pasta bianca svolgono inoltre

* BLU-VIOLA: Fichi, Frutti di bosco, Melanzane, Prugne, Radicchio, Uva nera. Importanti nel anche un'azione positiva verso il controllo dei livelli di colesterolo nel sangue.
sostenere una corretta funzionalita del CIRCOLO SANGUIGNO favorendo il ritorno venoso,

) z X . X - CONSUMIAMO almeno 3 porzioni di FRUTTA e 2 porzioni
hanno dimostrato avere PROPRIETA PROTETTIVE nei confronti delle vie del TRATTO

di VERDURA al giorno, cercando sempre di variare i €< L.~ Rl e

URINARIO, della MEMORIA e nella difesa contro i RADICALI LIBERI. di rispettare la STAGIONALITA'.

IL CONCETTO DI ‘PORZIONFE’
+ Una PORZIONE di FRUTTA corrisponde a |50 grammi;
* Per gli ORTAGGI una PORZIONE corrisponde a 200 grammi per le verdure da consumare G RAZIE PER
COTTE e ad 80 grammi se gli ortaggi vengono consumati CRUDI; L’ATTENZ' ONEI

Ricordiamoci dunque che UN'ALIMENTAZIONE VARIA e COMPLETA di

FRUTTA e VERDURA non solo nutre in maniera EQUILIBRATA, ma anche

SANA. RIDUCE il rischio di sviluppare TUMORI, DIABETE, patologie 41&
CARDIACHE e CORONARICHE e altre MALATTIE altrettanto DIFFUSE. i )

I
—

(Deleuse M., 2020. Degree Thesis “Food habits improving strategies and monitoring some circulating factors
in elderly subjects on probiotic supplementation”)
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Annex 10. Presentation for the video “Probiotics and prebiotics”.

CHE COS’E IL MICROBIOTA?

Quando pensiamo al MICROBIOTA INTESTINALE dobbiamo pensare ad un insieme di

PROBIOTI CI E PREB' OT' CI MICRORGANISMI che abitano nel nostro intestino senza danneggiarlo, anzi per molti

aspetti questi microrganismi sono per noi molto IMPORTANTI poiché ci aiutano sia nella

COSA SONO E COME POSSIAMO INTRODURLI DIGESTIONE di alcuni nutrienti sia nella PRODUZIONE di MOLECOLE a noi molto utili,
NELLA NOSTRA DIETA r S

‘ come ad esempio alcune VITAMINE. Una delle prime regole per
‘ ~y- MANTENERE in SALUTE il nostro MICROBIOTA & quella di

! alimentarci seguendo una DIETA SANA e molto VARIA.
3

IN EQUILIBRIO ATUTTE LE ETA COSA SONO | PROBIOTICI
Mantenere il giusto EQUILIBRIO a livello INTESTINALE significa PREVENIRE e | PROBIOTICI sono MICRORGANISMI VIV che, inistrati in quantita adeg
limitare I'insorgenza di uno STATO INFIAMMATORIO diffuso che potrebbe, apportano un beneficio alla salute dell'ospite, possiamo consumarli all'interno di
col tempo, degenerare in molte patologie. capsule, come INTEGRATORI, oppure utilizzando ALIMENTI, ARRICCHITI con
Nelle PERSONE ANZIANE possiamo osservare una PROGRESSIVA RIDUZIONE guesdmicrorganisn che fanno parcedoll nosu=DIEIR QUOTIDI AU

sia della VARIETA dei batteri positivi, sia della NUMEROSITA di

ciascuna specie. In questa prospettiva LINTRODUZIONE con la
dieta di PROBIOTICI puo esserci molto d'aiuto.

LE PROPRIETA DEI PROBIOTICI CHE COSA SONO | PREBIOTICI?
« Garantire un buon TRANSITO INTESTINALE; | PREBIOTICI sono sostanze presenti in alcuni cibi che NON vengono DIGERITE dal
+ RIDUZIONE del senso di GONFIORE; nostro organi Queste gono quindi SFRUTTATE dal nostro MICROBIOTA
+ Mantenimento di un buon SISTEMA IMMUNITARIO; diventando un vero e proprio NUTRIMENTO. Un buon esempio di CIBI prebiotici &
l rappresentato dagli ALIMENTI ad ALTO CONTENUTO DI FIBRE, come FRUTTA e

VERDURA che svolgono importanti azioni ANTIOSSIDANTI e di
PREVENZIONE nei confronti della nostra salute come ad , <
esempio il MIGLIORAMENTO del quadro lipidico contribuendo ’m o

ad una buona GESTIONE del COLESTEROLO. i m e ;

PROPRIETA esaltate dal rapporto SINERGICO

che si instaura tra probiotici e PREBIOTICI.

LEGGIAMO SEMPRE L'ETICHETTA! -

NON tutti gli yogurt sono probiotici, quando lo sono & chiaramente SCRITTO SULLETICHETTA $
e la casa produttrice ci informa anche sulla TIPOLOGIA dei MICRORGANISMI =0
presenti nel prodotto che stiamo acquistando. Ingredients: Nonfat yogurt Gatiated
pasteurized nonfat milk).
6 live and active cultures: —_— YOGURT
U Ackopmius, i - el nd PROBIOTICO

L. Rhamnosus.

I it Yot mheso o fermenti fattick Shegto-  __, YOGURT NON
s thermophilus e Lactobaillus bulgaricus. PROBIOTICO

"

GRAZIE PER
PROBIOTICI E PREBIOTICI A MERENDA LATTENZIONE!
Esempio di merenda nutriente e RICCA in probiotici e prebiotici: &
*Yogurt PROBIOTICO al naturale; 3 ‘ : JL /

* Fiocchi d’avena - PREBIOTICO;
« Banana - PREBIOTICO;

Veloce, semplice e gustosa!

(Deleuse M., 2020. Degree Thesis “Food habits improving strategies and monitoring some circulating factors
in elderly subjects on probiotic supplementation”)
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Annex 11. Questionnaire to the elderly subjects.
Sesso: ...
Eta: ...

QUESTIONARIO SULLE ABITUDINI ALIMENTARI

(SCEGLIERE ANCHE PIU” DI UNA RISPOSTA PER OGNI DOMANDA LADDOVE OPPORTUNO)

Ha ritenuto di sua utilita la visione dei video informativi proposti?
Si

No

Non so

E’ importante seguire una corretta alimentazione?

Si

No, non mi interessa

Controllavo gia la mia alimentazione

Bere spesso durante la giornata, & importante?

Si

No

Lo facevo gia

Lo faro

Non so

Variare i colori e quindi il tipo di frutta e verdura ad ogni pasto & importante?
Si

No

Lo facevo gia

Lo faro

Non so

E’ importante fare almeno 3 pasti completi durante la giornata?
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Si

No

Lo facevo gia

Lo faro

Non so

Ha compreso cosa sono i probiotici ed i prebiotici e le loro funzioni?
Si

No

Non so

Lo sapevo gia

Qualora avesse provato degli alimenti arricchiti con probiotici ha notato dei benefici sul
suo benessere generale?

Si

No

Non so

Le piacerebbe approfondire altri argomenti attraverso video informativi?
No

Non so

Si (specificare quali...)

Ha avuto difficolta a seguire ivideo?

No

Si (specificare perché...)

La visione dei video informativi ha avuto un impatto positivo sulle sue abitudini?
No

Si

Ha avuto interesse a scambiare idee ed opinioni riguardo gli argomenti trattati?
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No

Si

Non so

Lo faro

Consiglierebbe a qualcuno di sua conoscenza la visione dei video informativi proposti?
No

Si

Non so

Lo faro

Parteciperebbe nuovamente con piacere ad eventi formativi di questo tipo?
Si

No (spiegare perché...)
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Annex 12. Questionnaire to the caregivers.

Sesso: ...

Eta: ...

QUESTIONARIO

Esperienza lavorativa

Meno di 5 anni di servizio

Tra 5 e 10 anni di servizio

Tra 10 e 15 di servizio

Piu di 15 anni di servizio

Stile di vita

Sedentario

Poco attivo

Attivo (pratico regolarmente attivita fisica = 3 ore a settimana)
Molto attivo (pratico attivita fisica piu di 3 ore a settimana)
Considera importante la nutrizione nel trattamento di un paziente?
Si

No

Non ci ho mai pensato

Ha mai notato delle differenze tra pazienti con patologie simili ma nutrizione diversa?
Si

No

Non ci ho mai pensato

Mediamente come considera lo stato nutrizionale della popolazione di pazienti che tratta
nel suo luogo di lavoro?

Prevalentemente stato di malnutrizione per difetto

Prevalentemente stato di malnutrizione per eccesso
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Prevalentemente stato di normo-nutrizione

La gestione della dieta dei pazienti ospitati nel luogo in cui lavora viene effettuata in
maniera personalizzata in base alla patologia?

Si
No

Prima dell’inizio di questo progetto era informato riguardo la funzione e I'utilita di
probiotici e prebiotici?

Si
No

Secondo la sua esperienza ha notato dei miglioramenti nei pazienti dopo I'assunzione del
trattamento?

Si
No

Secondo la sua esperienza le modalita di fruizione del trattamento sono risultate idonee
e di facile svolgimento?

Si
No (specificarne i motivi...)

Secondo la sua esperienza la visione dei video informativi ha contribuito alla
sensibilizzazione dei pazienti e delle loro famiglie?

Si
No

Secondo la sua esperienza pensa che questo modello di informazione a distanza sia stato
efficace?

Si
No

Secondo la sua esperienza consiglierebbe a qualcuno una integrazione con prodotti
arricchiti con probiotici?

Si
No
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