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Preface

Nowadays, the progressive aging of the population represent a huge challenge for modern society and healthcare
systems. In particular, the number of people over 60 years of age has now reached 900 million worldwide,
representing about the 12% of the total population, and it is estimated to count 2.4 billion people by the end of
2050, covering the 21% of the population.!'l This epidemiological change lead to new social and health problems
that have never been addressed before, and in particular, this fast swift in the age of population is responsible
for the notable increase of age-related problems and diseases. In a society made up of eldetly people needing
intense cates, the National Health System (NHS) has to face countless problems to respond to chronic diseases.
However, in most of the cases, to the unlimited needs of citizens correspond few limited responses from the
governments. In this context, one of the main issue related to the management of chronic pathologies is
represented by the appropriate adherence to prescriptions by the patients. In fact, the lack of appropriateness,
in terms of excessive and unnecessary use of drugs, implies huge costs for the NHS that the governments can
no longer afford. The Italian “Osservatorio sull’Impiego dei Medicinali” (OSMED) show that most of the
population, after receiving a medical prescription, typically quits the therapy in advance or uses the drugs
incorrectly. ]

A possible approach to solve, at least in part these problems, could be represented by nutraceuticals. The term
“nutraceuticals” derives from the crasis between nutrition and pharmaceuticals; they are functional foods
containing active molecules and substances obtained from foodstuffs or plants capable of having beneficial
effects on humans. They are not drugs and they cannot be consider as curative for any pathologies but in the
presence of an already exsisting disease, they can contribute to alleviate the symptoms by acting as adjuvants of
drugs. For this reason they can be classified as 'proactive medicine' of primary prevention.l!? Several studies
conducted both in Italy and in other countries, such as France and Canada, show that a constant consumption
of functional foods, such as probiotics and fibers, are able to prevent and reduce the burden of specific
diseases.[!]

Nowadays, with the develop of the a general digital consciousness, people prefer natural therapies instead of
the assumption of chemical molecules, wrongly considered more harmful. Numerous research papers show
how people over the age of 65 constantly uses these foods because they are increasingly interested in a correct
and healthy lifestyle.l'3 In this context, it has demonstrated that when the nutraceutical is used as a 'co-adjuvant'
to the traditional drug therapy, the unwanted effects related to an improper use of the drug are significantly
lower.[20]

Noticeably, prevention and adherence to therapy can significantly contribute to reduction of healthcare costs
and preventive and sensibilizating campaigns can be adopted by the governments to boost these phenomena.
With the aim to analyse the cost of illness and identify the main drivers of these costs, in this thesis I focused
my attention to two particular class of chronic patients treated with nutraceutical products as adjuntive therapies.

In particular, I analysed patients with Nonalcoholic Fatty Liver Disease (NAFLD) treated with probiotic and
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patients affected by dementia. In all the cases patients were treated with functional foods in order to avoid the
progression and the worsening of the diseases. Better defining the cost of these diseases and the impact that
nutraceutical products tmay have on them would allow for a clearer assessment of governments health policies
and organisational models in order to reduce the economic impact of chronic diseases on the NHS costs.

In this context, pharmacists, working within the 'Pharmacy of Services', are aimed to respond to
customer/patients needs. Indeed, awatreness and education campaigns are needed to educate the population on
terapeutical adherence. Nutraceuticals may be helpful to address patients adherence to therapies thus impling a
general improving for NHS costs. However, it must be remembered that they may not be affordable for
everyone due to a high cost to join them, and for this reason, an initial lowering of the cost could be chosen in
order to extend their use to the entire population.

Therefore, citizens are at the center of this new 'system of choices' represented by the possibility of having an
improvement in their health status by paying more; will they be able to make a correct decision by not collapsing

the NHS?
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1) General introduction: nutraceuticals & economy - a useful binomium?

The nutraceutical term coined in 1989 by Stephen De Felice, founder of innovative medicine. Nothing else is a crasis
between the terms nutrition and pharmaceuticals. As opposed to conventional thinking, they have undisputed
popularity maybe due to the fact that their primary function is to improve the well-being of the entire population.
This 'fame' includes the interest not only for healthcare professionals but also for the citizens who prefers to use them
over the traditional drugs.'?l Indeed, nowadays, most of citizens prefers natural therapies instead of chemical
molecules, wrongly considered harmful.

Nutraceuticals, as it happens for medicinal products, have to present an excellent nutritional profile and be
scientifically approved, unlike food supplements for which no demonstrations are needed. For istance, EFSA
(European Food Safety Agency) manages the relationship existing between nutraceuticals and health, providing
evidence of effectiveness. Interestingly, when a nutraceuticals is adopted, it has been demonstrated that the unwanted
effects related to the improper use of the drugs may be significantly lower.’l However, in most of the cases,
nutraceuticals can be considered as 'add-on therapy' or 'combination therapy' acting as a 'co-adjuvant' to traditional
drugs.

While the ‘traditional medicine’ use drugs for the treatment of an already ongoing disease, nutraceuticals can be
considered ‘proactive medicine’, able to prevent and slow down the progression of the pathologies.

Pharmaceutical companies are aware of the great success that this new medicine has proactive possesses; and how this
destined to evolve. Among the chronic pathologies ‘embraced' by nutraceuticals we can mention
hypercholesterolaemia, dyslipidaemia, diabetes, ocular, viral and oncological diseases. Herbal products such as

echinacea, ginkgo Biloba, ginseng, and hypericum are the basis of most marketed nutraceuticals.l!

From an economic point of view, this 'innovative medicine' opposes traditional medicine by equalising the economic
imbalances within the National Health System (NHS). Indeed, in our country there are serious problems related to
the wrong reimbursement of drugs and their related dispensation. All the drugs are classified among the classes C and
A, paid by citizens and free, respectively. In particular, class A includes drugs which reimbursament is guaranteed by
NHS. They are prescription medications and are supplied exclusively by the pharmacy. If they are self-dispensed by
the hospitals, they are included in class H. As concern class C, it includes drugs which did not show an appropriate
efficacy at cost and for this reason they cannot be remboursed by the NHS and have to be payed by citizens./l

Ttaly's economic and health situation could efficiently be summatized through the term ‘vicious citcle’. In particular,
on the one hand there is the increased life expectancy of the citizens, and on the other, the increased age of the
population is related to chronic conditions for which medications must be taken throughout life, and that for them,
the government contribute. Unfortunately, to the higher requests correspond the low availability of NHS which is is
unable to meet the countless demands of the population. Morever, if the citizens did not use appropriately the
prescription drugs, the NHS should face excessive reimbursement due to this non-compliance. Indeed, thanks to an
adequate prescriptive appropriateness, the NHS can maintain a proportionate budget balance.

The medications provided by the NHS include medicines for chronic diseases, specifically authorized for well-defined

therapeutic indications. In patticular cases, the medication could be reimbursed by NHS by adopting an AIFA note,
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which establish the reimbursement of drugs based on evidence of effectiveness available in the scientific literature.
These notes ensure that the patient's life is managed correctly thus avoiding an inadequate prescriptive
appropriateness. It’s important to note that an incorrect economic evaluation of the drug would determine higher
costs for the NHS.

To give a fair value to the medicine, the NHS not hold to its reimbursement for any therapeutic indication, except for
two details conditions:

1. The considered medicinal product is the most useful to treat a given pathology, supported by evidence that
demonstrate a favourable risk-benefit ratio;

2. The medicinal product have a detectable clinical superiority than other available drugs for the considered
disease.

Drug’s prices are negotiate through agreements between AIFA and pharmaceutical companies; indeed,
pharmaceutical companies themselves can only ask for reimbursement for orphan and hospital drugs. In the meantime
that the request of reimboursement are analysed by the AIFA Price and Reimbursement Committee (CPR) supported
by the National Observatory on the Use of Medicines (OSMED), the drugs will be indiscriminately placed in class
C.

It has been observed that the consumption of drugs and the adherence to therapies by the population differs on
regional and gender differences!’l. For instance, the Liguria Region has a per capita expenditure more elevated than
the Marche Region and, moreover, the North has a payment of about 19% higher than in the Southl’l. Data from
ASL databases show that the adherence phenomenon represent only 38,4%; it also assesses that the least adherent
patients are in the Regions of Southern Italy, resulting, for example, from a low economic availability. Accordingly,
through the use of specific indicators, it has been observed that for antihypertensive, anti-osteoporotic, antidepressant
and statin drugs, adherence is always lower with age progression and differs between men and women.[®!

Italy is among the top places by longevity index, which leads to a high incidence of chronic diseases. The elderly
population, being the most long-lived, is also the one that present the most varied pathologies; these patients are
particulatly prone to inappropriate adherence due, for example, to memory problems.

The onset and frequency of the disease are also defined by the difference among males and females. Generally, men
have better temporal coverage and effectiveness; on the other side, women tend to underestimate the pain they
perceive and do not attribute significant importance to it, and show slower adherence. Particularly, this is also due to

metabolic problems typical of the female gender.
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In this complex scenatio, the approach to the nutraceutical prevention could represent a more than reliable solution
trying to solve, at least in part, these problems. Through this new proactive medicine, the citizen's attention

increasingly turns to what they assume becoming 'protagonists’ within the new "Pharmacy of Services'.
1.1 “Nutrition Economics’

'Nutrition Economics' is a particular discipline capable to provide, not only health benefits throughout a proper
nutrition, but also to define how economic and health aspects related to this phenomena can affect it.!

The economics of nutrition can be defined as a new field of research, the aim of which will be to benefit society by
improving and thus lowering costs for the NHS. This new economic field is rapidly evolving as testified by numerous
evidences that demonstrate a close correlation between nutrition (also including eating habits and lifestyle) and
economic benefits, from which everyone can profit. It is thanks to the existence of 'medical nutrition' that practitionets
dispose of nutritional products that can prescribe to particular groups of patients to manage their dietary conditions.['"!
Accordingly, it has been demonstrated that particular habits or bad lifestyles ‘feed’ the onset of some pathologies.[!’!
The majority of these commercial products used as nutritional support, is currently used in clinical practice in the
prevention and management of metabolic problems.

Medical nutrition is regulated by an international language that guarantee the financial sustainability of the NHS.
Recenty, the two largest nutrition companies in Europe (ESPEN) and the United States (ASPEN) have asked for a
community declaration of the benefical aspect of global nutrition.[1

It’s important to note that the administration of the nutraceutical products need to take place correctly; in this way,
not only is the relationship between quality and price can be restored, but also between the cost and effectiveness of
the product. Medical nutrition interventions provide patients with very positive recovery values; if it were possible to

assess the population’s choices a priori, healthcare funding would be better managed. As James Harrington, founder
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of the improvement methodology, says: ““...measurement is the first step that leads to control and eventually to
improvement”.[11]

This new field of application finds concreteness and development within habits, health and public spending. Indeed,
necessatly, positive health outcomes can determine favourable aspects for the economy. However, to observe these
effects, citizens have to comply with the '"Adherence Therapy', concerning both the traditional wotld of 'pharma' and
the modernity of nutraceuticals. As suggested by the OSMED 2018 report, the prescribing activities within 'fragile'
populations, as well as with those whoo needs more controls, are highly diversified. In terms of persistence, to children
and adolescents are initially prescribed at least one drug and then decrease in the following years. The main differences
are due to pharmaceutical prescriptions for the elderly, which amount more and more year by year.[!3]

1t’s useful to remember that the prevalence of use of a drug is closely linked to age group; in patients over 65, the per
capita consumption estimated by the NHS is higher than in the younger population. In detail, in Italy, public
pharmaceutical spending amount to approximately 72%, unlike the costs of medicines purchased by the citizen
resulting is about 27,7%¢l. The spending in terms of agreed assistance change periodically with seasons; in the winter
months, there is an higher consumption than in the summer. As previously mentioned, drugs for the treatment of the
cardiovascular and central systems have rigid adherence; in particular statins and antidepressants have an highly
significant impact on spendingl®l. Active ingredients such as atorvastatin, ramipril and acetylsalicylic acid contribute to

the increase of consumptions in terms of spending, thus leading to a significant economic imbalance.

1.2 Therapeutic adberence — ‘the Initial Medication Adberence (IMA) process’

The term adherence refers to the ability and the willingness of patients to regularly follow medical recommendations
regarding the dose and frequency of administration of the drug, and the duration of the treatment. This 'persistence’
phenomenon is strictly related to improvements regarding the use and efficacy of drugs and, in most of the cases, it
depends on dosage and route of administration.

A better adherence implies not only a greater effectiveness of the treatment but also fewer hospitalizations due to
complications, thus leading to the reduction of the costs of the therapies determining the sustainability of the NHS.
Conversely, a lack of persistence is an indication of excessive mortality and morbidity directly impacting in the NHS
costs.

Analysis from the 2013 OSMED report shows that only slightly more than half of patients suffering from depression
ot high blood pressure follow the treatment with continuity. In most cases, adherence 'collapses' between 6 and 12
months from the start of therapy. In detail, 50% of depressed patients stop therapy after 3 months, and 70% stop it
after 6 months. It has also been observed that the more drugs prescribed, the higher the probability of a non-
compliance, especially in the elderly patient.[4l

A total loss of persistence results in a loss of costs of one hundred billion dollars per yearl13l.
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Further analyses show how the compliance of a particular individual can also be dependent on the quality of the
product itself. If a patient has the opportunity to spend money to purchase something, in this case drugs, the
investment opportunities on their health will be undoubtedly superior and this is the case of nutraceutical products
(Willingness To Pay - WTP).[13]

It has been observed that the lack of economic feasibility for patients unable to purchase an asset, directly contributes
to the poor adhesion phenomena. The failure related to the treatments drags with it a therapeutic non-response with
a consequent negative economic impact. Pharmacoeconomic analyses illustrate that if the price of a drug increases,
the individual with economic difficulties will heal less and less by determining one incorrect evaluation of the samel!3l.
It is worth remembering that it is not only the amount of the price that affects citizens but also how different lifestyles
and preferences lead the patient towards different market choices. It is the information provided to consumers that
changes the relative perceptions at the risk of an asset or drug. To keep market analyses in balance, individuals will
have to own full knowledge concerning the weight and quality of the good, and this is true also for drugs.

With excellent and practical adherence to therapy, the patient's task will be to actively participate in taking the drug or
nutraceuticals with the aim of "slimming" the health costs. The patient must adhere to therapy neither exceeding nor
stopping the treatment. High adherence to therapies can directly lead to fewer complications and hospitalizations and
therefore to lower public health costs. Conversely, due to lack of adherence, the NHS will have to continually
guarantee the reimbursement of those class A drugs incorrectly taken by the citizen. Therefore, adherence is of
fundamental importance for the NHS.

Patients must be 'instructed' on correct adhesion behaviour, observing them through randomized controlled trials,
observational studies, and experimental studies. A study report present the methodologies that should be applied to
refine therapeutic adherence in the pharmacyl!’l. Local pharmacies, in fact, distributed throughout the territory in
proportion to the population, should have the will to provide a service that is fruitful and effective within the care
network.

In this context, the Initial Medication Adberence (IMA) process describes how the patient perceives the drug for the first
time it has been prescribed. The two figures responsible for a correct prescription and dispensing of the drug are both

the clinician and the pharmacist. Whenever the physician denotes a treatment plan that is not respected by the citizen,
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the IMA is not reached, resulting in a lack of coverage for therapy. This process of drug adaptation aims to examine
the positive connection between taking the drug and adhering to therapy. Many figures contribute to the improvement
of the TMA process' in the context of acute and chronic therapy; patients, doctors, and healthcate systems collectively
influence this process.[!]

The benefits provided by medications come mainly from the days of treatment coverage and their relative
consumption. If the use of a drug 'embraced’ the total duration of the prescribed therapy the possibilities of clinical
success related to it could be decidedly more significant. Accordingly, an elegant study assessed adherence to generic
drugs between 1966 and 2014.18]

This study focus mainly on individuals who decide, with or without their will, not to continue therapy properly. In
most cases, it has been observed that the patient does not adhere to the therapy precisely because the doctor and
pharmacists do not provide the appropriate curative information. Non-adherence to therapy is established from the
time of delivery of the drug.

Awareness and education campaigns are needed to educate the population on therapeutic adherence and prevention.
Every year the population is subject to an epidemic feverish condition that would not only result in death but also
lead to enormous costs for health. Moreover, during an epidemic, people are potentially subject to anxious and
depressive states.Prevention of this epidemic involves daily sanitization of social and domestic environments. If you
do not want to lead the health system to collapse, prevention is the only useful element.['d]

To date, drugs are the most widely used tool in outpatient and healthcare settings and a lack of persistence in their use
would lead to excessive progress in acute and chronic diseases.”) The incidence of these diseases imply higher
hospitalizations and an extensive amount of healthcare costs. After hospital treatment, patients are discharged and
their treatment is continued through the work of community pharmacies. The results have led pharmacies to enhance
the role of the pharmacist, making him or her the protagonist of their work, within the 'Services Pharmacy'. This new
concept of pharmacy expresses how it is possible to cooperate for a comunity common goal, represented by health.[?]
The purpose of several initiatives has been to be able to retain the patients so that thay can go to the pharmacy
regularly to withdraw the prescribed drug. In particular, two retrospective studies have been conducted by using a
loyalty card database collected in pharmacy. They demonstrated how, over three years, patients withdrew or not the
drug daily. The "Fidelity Catd' is a valid tool, useful for pharmacies, to better manage their customers/patients. Each
loyalty card is personalized with a specific logo so that the patient can take all the promotions related to the different
pharmacies; simplifying, in this way, the acquisition of a particular product. The two analysis were performed in 2017
and 2018, respectively. "In 2017, the level of adherence to therapy was calculated of 34.1% in total users and 34.5%
in new users. In non-occasional users, an adherence level of 49.5% was observed. However, there is a high variability
of Proportion of Days Covered (PDC) values within the population, mainly due to the presence of a large number
of occasional patients. In the first 8 months of 2018, however, the adhesion values were lower (30.8% in total users,
29.4% in new treaties and 33.1% in users not occasional). In 2018 there was a lower variability of the PDC values
within the population". The results obtained from these studies should act as a 'wake-up call' for health services.
Indeed, if you could get a better quality and quantity of available data, for example, through specific links with other

databases, the pharmaceutical market may have one much broader reality. Only with a large number of data the
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population would acquire more awareness in the towards prevention, showing greater interest in therapy with
nutraceuticals.?1]

Nowadays, the patient can become a 'protagonist’ and thus actively adhere to the therapy. In this way, the increased
adherence would decrease the possible risk that the current disease might worsen. Unfortunately, it is widely known
that the eldetly are the first consumers of large quantities of drugs, the so-called 'pill eaters', and adherence should
play a fundamental role in the geriatric field. Due to age, habits or particular pathologies, it is very easy to develop
non-adherence in this category of people. Non-adherence to medication is one of the main factors that can affect
mortality and morbidity. In particular, non-adherence does not only affect the patient, but also the reduced loyalty to
the doctors and pharmacists who dispense the drug. It is now up to the pharmacist to participate in the sale of the
"box" of the medicine, but knowing how to advise and help the patient. Pharmacies are turning their attention to a
'Consumer Health' market (free sales) no longer linked to the sale of an OTC or SOP medicine, which has fallen by
15% compared with the previous year, but that of a nutraceutical, which is advancing a strategic driver of around
7,4%.1221 Pharmacies can increase their business thanks to nutraceuticals. Italy is the most frequent consumer of
nutraceuticals, which also influence the recommendations from the doctor. Failure to therapy adherence intensifies
events that are not considered severe and acute for citizens but very expensive for health services. Some research
shows that in countries such as Italy, France, and the United Kingdom, there are diseases that lead to between 8,000
and 12,000 deaths a year, resulting in significant costs between 7 and 10 billion euros. A study, in particular,
demonstrated how hypoglycaemia can cause about 12,000 hospitalizations with a cost of 48 million euros for the
national health system.[?3l The aim would be to reduce the incidence of disease with the help of new strategies, among
which nutraceuticals certainly play a key role. This tasks could result in economic savings of at least €600 million per

year.

1.3 Analysis of adberence to nutracentical products trough products used for the hypercholesterolemia management (paper)
Based on the atticle written by: G.M. Bruno, S. Di Matteo, C. Martinotti, M.C. Valentino, G. Pieroni, G.L. Colombo

Introduction

Cholesterol is an endogenous tetracyclic organic molecule, which is also taken through the diet. It covers fundamental
physiological roles; in fact, it represents one of the components of the cell membrane and is the precursor of numerous
other substances such as, for example,

steroid hormones.

However, hypercholesterolemia is a metabolic dysfunction that represents one of the major risk factors in the onset
of cardiovascular diseases: the latter are considered among the first causes of

death. In 2014, according to ISTAT data, it was estimated that 220,200 deaths occurred due to cardiovascular events.[!l
If it is taken more cholesterol than the body requires, accumulation of cLDL in plaques occurs; a condition called
atherosclerosis ensues, responsible for the stiffening of the vessel walls (Figure 1). Atherosclerotic plaques represent
a health risk, not just because they determine an incorrect blood flow, but also because the eventual rupture of the
plaques can promote the formation of blood clots occluding the vessels. The closure of the vessel, if in correspondence

with those with lower lumen, can determine stroke (if a brain vessel is occluded) and heart attack (in the heart district).
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The diagnosis of hypercholesterolemia is made by the serum lipid profile, a test by which the levels of total cholesterol,
cholesterol LDL., and HDL cholesterol are assessed. The desirable values, within which

there is no indication of decompensation, are:

» Total cholesterol: up to 200 mg / dL;

» LDL cholesterol: up to 100 mg / dL;

» HDL cholesterol: not less than 50 mg / dL.

Dyslipidemias and, specifically, hypercholesterolemia, are treated with various agents that lower the LDL lipoprotein
concentration or increase that of HDL. They are chronic therapies and often in association. To treat this ailment, one
can resort to a pharmacological intervention or to one based on food supplements (or nutraceuticals) of preventive
type.

Several active ingredients are used in drug therapy, including: !

» Fibrates;

» Bile acid sequestering resins;

» Bzetimibe and bile acid inhibitors;

» PCSK9 monoclonal antibodies;

» Omega-3 fatty acids;

»m HMG-CoA reductase enzyme inhibitors (Statins).

Figure 1: formation of atherosclerotic plaque

The food supplement or nutraceutical, concentrated source of nutrients and other substances

having a nutritional and physiological effect, can play a key role in the phase of primary prevention e

as part of a correct lifestyle, favoring maintenance of the health status. They are therefore not just nutritional
supplements, but substances with biological action.!

Most cardio-metabolic wellness supplements on the market consist of Monacolin, a metabolite obtained from the
fermentation of red rice. Policosanols, berberine, and probiotics are also used. In the largest number of products on
the market, functional ingredients or key ingredients are also used in association.

Unlike the synthetic molecule, the effect established by the supplement persists to a lesser extent. In fact, the effects
of this product are still reversible and could cause an increase in serum concentrations,

if its use is discontinued. For this reason, they are not considered good candidates for the treatment of all patients.
Therefore, categories of subjects susceptible to a pre-pharmacological intervention were identified: [+

» individuals aged around forty, in which it is not possible to use the SCORE algorithm, that provides for the usage
of risk assessment papers (due to familial hyperlipidemias, previous cardiovascular clinical events or presence of other
metabolic pathologies).

» Individuals with cardiovascular risk of less than 1% in ten years. This category is first submitted to the SCORE

algorithm, referred to above.
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» Individuals intolerant to statins or who are not achieving significant results with therapy with

Statins.

» Individuals requiring drug therapy for lowering cholesterol levels, but who reject the ethical drug for beliefs or
personal reasons.

» Subjects suffering from metabolic syndrome with a low risk of cardiovascular events.

In any case, the usage of supplements is discouraged in secondary prevention or in patients with significant damage
to the cardiovascular system.

Both drug therapy and the use of supplements must be taken by the patient for prolonged time peridos.

The doctor plays a fundamental role in the management of chronic therapies; he has the job of holding

trace of the repetitiveness in the prescriptions of a given therapy to verify if, indeed, the subject

is constant with the intake. The return to the treating physician will be an indication of perseverance

of the latter.

Since chronic therapies cover an important part of the prescriptions, the need arose to introduce some concepts
capable of making objective the observations of health professionals.

When one wants to describe the behaviour of a subject compliant with the guidelines of a certain therapy,

it is defined as "adherent".

By adherence we mean the degree to which the patient follows the doctor's instructions; persistence is instead how
long he continues to stock up on the drug from the beginning to the end of therapy. Adherence comes classified as
primary adherence (which concerns the first prescription) and secondary (which instead concerns the subsequent
refills). The concept of persistence, therefore, will be

bound to that of primary adherence; its existence is related to the receipt of the first prescription. ¢!

Although the terms adberence and compliance are used as synonyms, they actually conceal a particular nuance within
themselves, which, therefore, makes them different terms. A compliant subject, in fact, is the one who merely follows
the indications of the prescriber as a subject with certain social characteristics, whose opinion assumes a certain value;
on the contrary, the one defined as "adherent" follows the instructions given to him, being aware of his health
condition and recognizing the value of the therapy assigned to him. The adjective “adherent” therefore indicates a
more active approach to therapeutic plan.

The study of adherence is also essential to have information relating to the trend of the therapy; in fact, a poor
adherence increases the risk of therapeutic failures, to which could follow the prescription of additional medications
or an increase in dose. All this, in addition to the health of the patient, has an economic impact as well. In fact, any
therapy prescribed and not followed precisely by the patient, results in a cost for the National Health Service, that
provides the patient with the drug they need.

Moreover, a lack of treatment of the chronic pathology could worsen the health condition of the subject and cause
hospitalization or the onset of secondary pathologies that require further treatment.

The phenomenon of non-adherence is very widespread. It was observed that, in industrialized countries, adherence
to therapies is about 50%; the data could be improved, given that it is contextualized in a geographical area in which

the education levels and the possibility of inquire are very high. It is a problem in which various factors are involved,
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including socio-economic ones, factors related to the type of health system or the patient's health conditions and
therapeutic indications; the more complex they are, the greater will be the probability of experiencing an interruption
of the therapy by the patient.”]

The second concept introduced for better monitoring of chronic therapies is persistence, that is

how long the therapeutic regimen manages to be maintained over time.l®

The patient will be persistent if he will constantly renew his prescription over time, but he is not if he requires new
prescriptions sporadically or does not require them at all. This presupposes that he is not an "occasional" patient,
therefore with only one prescription. Persistence is considered as a function of MPR (medical possession ratio),
indicator used to calculate adherence to a therapy.

Adherence monitoring takes place through two types of methods of analysis. The most effective is the

direct dosage of the active ingredient or its metabolites in the blood; this path is not always possible,

for this reason, other indirect methods ate more used, including counting the quantity of the pharmaceutical form
residual in the package or the IT database survey, which are based on the assumption that the supply of the drug
exactly coincides with regular intake of the same. These methods, though

being more exploited, provide information related to the dispensing or withdrawal of the drug, but not the actual
intake.l’l

Table 1 shows the different methodologies applied for carrying out the studies of monitoring. As you can see, the use

of databases is extremely convenient as it is very simple to use and non-invasive.

The use of computer systems, however, is an effective method that requires specific terminology. For

for this reason, some indicators that allow to make the measurements more replicable have been introduced. The
most used are Medication Possession Ratio (MPR) and Proportion of Days Covered (PDC). MPR is defined as the percentage
of days of therapeutic coverage obtained during a certain period of

observation. PDC, on the other hand, is defined as the number of days when the drug was available divided by the
days of which the observation period is made up of.l

As previously stated, following closely the doctor’s therapeutic indications is an important factor in the management
of the disease and in limiting the occurrence of complications.

Given the expansion of the nutraceutical market, estimated in about 3 billion euros per year (New Line Research of
Market, 2019) and, in particular, the growth in use supplements for cholesterol control,

it was considered necessaty to catry out a study concerning the patient's adherence to the intake of nutraceuticals.

Materials and methods

The project carried out is based on the retrospective statistical analysis of a database containing sales data,

relating to monacolin-based products, of about one hundred and sixty independent pharmacies of central Italian
regions. The purchases were made between 2015 and 2018 and concerned the sale of references relating to: Armolipid,

Aterostar, Cardiolipid, Lactoflorene cholesterol, LFP Colestab, Liposcudil, Normolip 5, Zeta colest.

Table 1: summary table of adherence monitoring methods/’!
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The sales were monitored thanks to the flow of data coming from the fidelity cards that each pharmacy can distribute
to their patients. It represents a useful tool, since its use allows control of purchases and therefore provides important
information on the therapeutic continuity of those who benefit from products that should be taken for a long time
term but which, like those taken into consideration, do not require medical prescription.

In order to carry out the analysis, indicators reported in the National Report on the use of drugs (2018 edition), presented
annually by AIFA, were used.

The publication shows the national pharmaceutical expenditure and, in the case of chronic therapies that require
repeated prescriptions, adherence and persistence are also calculated. The data is collected by the National
Observatory on the use of medicines (OsMed), which deals with monitoring the territorial pharmaceutical expenditure
through the analysis of prescriptions.

For the calculation of adherence, the indicator used was Medical Possession Ratio (MPR), which is calculated as the
ratio between the days of therapy and the interval between the first and the last prescription to which the days covered
by the last refill should be added.!

It is recalled that the nutraceutical product is not subject to medical prescription or tax deduction, in contrast to what
happens to the drug; therefore, the only way in which adherence can be monitored is the study of data of sale of
commercial activities, which provide a track of product movements.

17,307 patients were monitored, who purchased the above products.

The working hypotheses described below were used for the data analysis.

Prior to proceeding with the calculation of adherence, it is necessary to make a selection of data by means of an
operation of data cleaning, this is deemed necessary as not all the present data can be analysed. The initial database
contains extremely large numbers corresponding to cumulative purchases such as

those carried out by wellness centres or care facilities. There are also negative purchases related, probably,

to incorrect registrations or particular offers of the product concerned. These data are therefore deleted.

Those patients who received more than one prescription are significant for the study; so, all those patients who made
only one purchase are excluded and eliminated from the database, and they are called

occasional patients. Applying the above procedure, the purchase of those who changed product following the first contact
was also excluded. The date cleaning process showed that about 1/3 of the 17,307 patients

present in the initial database went again at their trusted pharmacy to refill the product, following the first purchase.
This preliminary result outlines a picture in which about 67% of patients, probably, is found to interrupt the therapy
following the first purchase.

As shown in Figure 2, based on the criteria shown above, a total of 11,731 patients were excluded. The main exclusion
criterion was the registration of a single purchase.

The analysis is conducted over a maximum period of 365 days of follow-up. Another important timing to

define is the permessible gap, that is established to be of thirty days, after the last purchase of the therapy. This allows to
consider the patient as still adherent, even if he does not refill immediately at the same time of the presumed end of
the purchased package. Adherence was calculated taking into account, for each subject, the days between the first

purchase and the last one registered.
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The repeated purchases of each patient are split in intervals that correspond to approximately one month of intake.
A deadline is calculated for each interval, which will be compared with the date of the following purchase. The

breakdown is shown in Table 2.

Figure 2: data selection and inclusion process

The calculation of the deadline date is determined as follows: the opening days and those of the permissible gap are
added to the first date of purchase (obtained by multiplying the number of pharmaceutical forms present in the
package for the dosage indicated on the same). If the following purchase takes place by the date obtained, the patient
will still be considered in the analysis

and the days of adherence for each group of dates will be made explicit up to the latest available, in which the patient
stops being followed. For this type of subject, the hedging is calculated by subtracting the date of first purchase from
the date of the group in question; then, the days covered by the last package purchased will be added, as the patient is
assumed to be still adherent. In case the purchase takes place after the deadline, the subject will be excluded from the
analysis and his compliance will be calculated up to that moment.

After calculating how many days the patient was adherent, the days obtained are related to the total ones, thus
obtaining a percentage value. The days of adherence will account for the "persistence” indicator, which are continuous
days in which the patient takes his therapy. They allow you to better understand the behaviour of the same, indicating

for how long he was covered continuously by the prescribed therapy.

Table 2: subdivision of data into groups corresponding to one month of therapy

From the calculations carried out during the study, percentages for each individual patient are obtained, through which
the average adherence value is calculated. The latter will be the result relating to the average adherence in a year of use
of the product.

With the official standards as a reference, the percentages of patients with high adherence

and low adherence are calculated; those who show an average compliance value are also analysed and it is established
that the patient is defined “adherent” if his therapy covers 75% of the entire year. The established value arises from
the need to fix an elastic cut-off.

After getting this first average result, we proceed to the evaluation of the average adherence values,

assuming to carry out the recall of the patient after sixty, ninety and one hundred and eighty days from the first
purchase of therapy.

After that, patients with an adherence percentage greater than 20% are studied and the average value is calculated for
this sample as well. It is established that the subjects showing a value lower than the one mentioned above, are also
considered occasional.

We choose to perform the analysis also on the extended sample, which is the entire period reported in the database.
Therefore, the previously described analyses are repeated.

The results are reported on graphs, which allow to view the trend of the therapy intake and its variations over time.
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Results

The final 5,576 patients were identified as the analysis’s sample as recorded more than once in the computer database,
thus making them significant for the study’s purposes.

From the analysis carried out, it emerged that the average adherence, for a period of one year, was 36%, with an
average persistence of 63 days.

As shown in Figure 3, the percentages relative to each patient are more concentrated in proximity of lower values; in
addition, as the follow-up increases and a ration of inverse portions merge between time and adherence. A small part of
the patients is 100% adherent, but only for the first part of the year.

The average value obtained is clearly lower than the optimal adherence, that must be greater than or equal to 75% of
the period under consideration. From the analysis it was found that patients responding to the above judgment criteria
are 1,251 out of the total. Hence, approximately 22% of the patients are optimally adherent and present 112 days as a

persistence parametet.

Figure 3: percentage dispersion of adherence in one year

A further evaluation over the period of the year concerned the variation in average adherence, assuming call the patient
back after 60, 90 and 180 days from the start of therapy. The study found that the average percentage decreases with
the passing of time, as does it can be seen in Table 3. From the latter one it can

Also be noted that days of coverage remain almost unchanged; they, which correspond to persistence

of the patient in therapy, amounted to 63 continuous days in total, and then undergo a slight increase

which remains constant with subsequent temporal variations. In order to view the correlations between the trend of
changes in adherence and in persistence, the data was plotted in a diagram shown in Figure 4.

The hypothesis of introducing a recall after the first month of therapy also had an effect on the number of patients,

which decreased over time, as shown in Table 4.

Table 3: change in adherence to vary in time at the first check-up

From the subdivision into groups of the analysed sample, instead, a peculiar trend emerged. The preponderant group
turned out to be that of the low adherents, or those who have an adherence of less than 40% of the total time. Those
who were adherent for 80% (high adherents), on the other hand, turned out to be a small part of the sample. A very
low percentage was that relative to the middle class. Therefore, there was a polarization of trends, as the middle class,
generally the most abundant, was almost non-existent and dominated by the group of low adherents. Moreover, with
the passing of time, there will be an increase in the latter and a significant decrease of the virtuous patients. These data

are explained in Figure 5.

A further analysis on the sample was carried out by calculating the average adherence on total users, excluding
occasional ones (adherence <20%). From this investigation, it emerged that adherence undergoes a significant

increase, to the detriment of the number of patients in the trial which decreases significantly.
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The results obtained are reported in Table 5.

Given the results obtained from the analysis carried out over 365 days, it was considered interesting to carry it out
also on the whole period covered by the database, i.e. about four years.

The same previously used methodology was utilised. By broadening the survey, it was found that

the average adherence was 34%, with a persistence of 64 days.

The same observations found on the year were also tracked on the evaluation described here. Adherence decreased

with the passing of time, reaching the lowest peak after 724 days. The data are described in Table 6.

Figure 4: the graph shows simultaneously the days of coverage and the values of adherence

As shown in Table 7, also in this case the predominant group is represented by the bass adherents, which correspond
to a higher percentage, 72%.

As in the previous case, by calculating adherence excluding the subjects considered occasional, we witness an
important increase in value at the expense of the number of subjects in trial. Indeed, Table 8 demonstrates that non-

occasional patients correspond to 44% of total sample.

Result discussion

Table 4: change in patients to vary in follow-up

The results we have reported so far can be deemed reliable, taking into account that they have been obtained with a
method that has its strengths and weaknesses.

As we have previously analysed, the analysis of electronic databases is an indirect method of monitoring adherence;
therefore, it provides information regarding the occurred dispensation of the product, but not

the actual assumption of the same. In particular, the one analysed does not provide precise indications on patient
demographic information, such as sex or date of birth, for privacy protection.

This could be a disadvantage, if you want to carry out a specific analysis, for example, on specific age groups.
Moreover, the database does not allow to get to know any exit from the study in the event of death or transfer in
another city, therefore it could be that the results obtained were underestimated.

However, this method allows the analysis of an important quantity of data and monitoring of numerous

patients who, after other analytical methods, could not take place. Furthermore, it requires a modest investment of
resources and allows to get the results in quite short time, compared to other clinical trials that require higher
investments.

The results obtained from the analysis of the database in exam, therefore, has produced results that aim to

exemplify patient's approach tendency towards the management of chronic disease.

Figure 5: subdivision into high and low adherence groups

Table 5: adherence of occasional adherent excluded patients
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Table 6: change in adherence over the total period

Table 7: high, low, average adherents over the total period

Already from the first data cleaning process it emerges that the patient's attitude tends to be occasional,

as more than 67% of them do not go to carry out the second purchase of therapy.

The hypotheses for which they do not go to carry out the refill are various. The main idea comes from the fact that
supplement food is also traceable on the market through other distribution organizations such as the large-scale retail
trade (GDO- grande distribuzione organizzata, in Italian), namely hypermarkets and supermarkets; some purchases may
also be done through the internet. These alternative procurement methods could guarantee greater economic savings,
and for this reason they might be preferred, not taking into account, in any way, the fundamental value of the specialist
advice of the pharmacist. However, it must be considered that the customer, in the analyzed case, has one fidelity card
at his disposal, that allows him to access rewards and benefits, which he can enjoy following the accumulation of

points that every purchase entails.

Table 8: adherence without occasional patients

The occasional nature of treatment with non-drug therapies is also traceable from the average value obtained from
the year study. In fact, equal to 36%, it shows that patients are able to stay in therapy

for an average period of four months out of the total of twelve. Therefore, compared to the standard value, which is
equivalent at 75%, we face a much lower level which outlines a low-adherence profile, both on

short periods than on higher ones.

The concept was highlighted by the analysis carried out on total adherent patients, excluding occasional ones. From
this, it became clear that the subjects having a percentage of adherence of less than 20% account for more than a half
(about 52%) of the subjects analyzed.

Another interesting phenomenon found concerns the distribution of percentages describing the sample behavior.
Typically, in market studies, we are faced with an important share of consumers who are attributable to an average
value. In the case of the work presented, however, we are witnessing a polarization of trends, i.e. the average value of
consumers is almost non-existent, while it is preponderant

the group of those with low adherence; the group of those who follow the therapy for a time greater than or equal to
80% of the total resists with low percentages.

The intake of a nutraceutical product, as was said previously, should be understood as a chronic approach, like the
patient's adoption of a proper lifestyle. For this reason, it was decided to analyse the market data according to the
procedures set out in official AIFA documents. Given the results obtained from the analysis

presented in this paper, we focused on the compatison with what is reported in the “National Report

on the use of drugs" published by AIFA. The report outlines the subject's behavior towards statin drug therapy.
Tables 9 and 10 shown highlight an important one phenomenon: those among the subjects of the study that result
being high adherents are both for the intake of nutraceuticals and for a drug therapy. The percentages found, in fact,

indicate that 22% of the subjects belonging to the nutraceutical study
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have a percentage higher than 80%, against 20.6% of the AIFA study.!'”l Instead, a relevant discrepancy

emerges in who represents the category of the bass adherents. In the analysis carried out on statin therapy,

they turn out to be fewer than as analyzed in this work. According to what was reported from the publication of the
institution, in fact, they represent 41.6%, while, in the case analyzed in the present

text, they correspond to 72% of the total.

As can be seen from the comparison just made, pharmacological therapy has a higher degree of consensus

and this can be associated with a different social value of the drug compared to that of the supplement, which benefits
is sometimes underestimated. However, it is known that the product is often associated with a prevention and not a
real therapy; it is important to underline this concept as the interruption of the intake of the nutraceutical product
could be also linked to a resolution of dysmetabolism or a therapeutic ineffectiveness, due to the aggravation of health
conditions caused, perhaps, by the onset of further cardiovascular phenomena; such an event could be more frequent

especially in secondary prevention.

Table 9: Subdivision of patients into top and bottom adherents in the “National report on the use of drugs”

Table 10: Subdivision of patients into low, high and average adherents in the project presented

We therefore wonder what the factors that influence who is approaching one therapy might be.

In a study of patients taking statins in the USA, it was shown that one of the factors conditioning

the customer is the co-payment. As the study shows, as the contribution due by the patient increases, it decreases its
degree of adherence.['!]

It can be imagined that the same dynamic could occur in the continuous use of nutraceuticals, in case

of which the cost is entirely borne by the client and not subject to tax deduction.

CONCLUSIONS

The treatment of chronic diseases is a key point for the improvement of public health, as they represent one of the
most widespread affections in the modern era.

In order to stem the complications and to improve the quality of life, it is important that healthcare sector players and
patients collaborate by virtue of a common interest, traceable in health.

As seen in the course of the discussion, adherence and persistence are two fundamental parameters that

must be constantly monitored. The most common attitude is to keep patients’ behaviour more controlled towards a
drug therapy. However, it should also be evaluated and deepened the attitude of the user towards the use of
nutraceuticals; to date, in fact, we try to set up different habits in the patient, with the aim to educate him not to wait
for one certain pathology to manifest itself in order to try to restore their homeostatic state. This approach is possible
through food supplements which, combined with a correct lifestyle, can be used as a tool to avoid pathology
progression towards more advanced risk stages.

It is essential for quality of life improvement that we understand the need to act on risk factors (such as
hypercholesterolemia, for example) as soon as possible in order to prevent the onset of phenomena, especially

cardiovascular, that seriously harm the subject’s conditions of existence.
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Even if they assume low values, the analysed data represent a good base from which to start making decisions aimed
at improving the degree of patient adherence.

In these cases, it is essential to set up effective strategies, able to involve the patient and make him more active and
part of therapeutic choices.!'!l The dialogue between the parties, therefore, should be placed at the center of any good
doctor-patient or pharmacist-patient relationship. Pharmaceutical and healthcare sector operators should, in fact,
provide the interlocutor with the best information regarding the product’s characteristics, emphasizing that by its
nature it will not be able to bring significant benefits in the immediate future but will show longer-term positive
feedback. It is of fundamental importance to underline this concept, since, for what emerges from the data studied,
the main problem consists in the interruption of therapy after a short period of time from its beginning or after having
taken one for a month.

Good communication and establishing a trustful relationship with your healthcare professional (be it the pharmacist
or the doctor), in which the patient is placed in the condition to understand what is best for himself, could be a great

start to subvert the trend emerged in this analysis.

2) Nutraceutical — the new ‘vehicle’ for health in chronic disease prevention

Nutraceutical is a specifically formulated nutrient aimed to benefit both health and economy. In the current era,
globalization has resulted in an increase incidence of many health problems such as obesity, diabetes and more.
Accordingly, the population pays more and more attention to proper nutrition trying to stay in a good health condition.
However, the foods we eat does not contain all the nutrients that everyone needs regularly and to solve this problem,
most people turn to nutraceutical or supplement.

At this point, it is necessary to distinguish a supplement from a nutraceutical. Supplement products aimed to
'supplement’ an element that is lacking in the body (that is not enough); instead, nutraceuticals act by replacing and
inserting a nutrient that is not present in the body.

However, the rationale of nutraceutical products is different from that of drugs and supplements. Drugs are taken
when the pathology is already in progress, and supplements, supplements, which typically support an already going
pharmacological treatment.’®! Literature data recognize the benefits of these innovative products in terms of
prevention and maintenance of well-being. ]

In particular, a nutraceutical products are recommended in patients prone to the development of chronic diseases,
particulatly challenging to cure and eradicate. One study shows how the prevalence of malnutrition and metabolic
abnormalities in women with mental retardation, especially at a young age, is subject to a decreased intake of
potassium, iron, zinc, phosphorus, calcium, vitamins C and D.[24

Nutraceuticals are used in a wide range of clinical contexts; from neurology to cardiovascular, paediatrics, gynaecology,
and even the prevention of serious diseases such as cancer or melanoma. Examples of the most common
nutraceuticals are antioxidants, vitamins and probiotics. In many cases, nutraceutical substances are extracted from a
natural sours, such as microbial and plants. A diverse classification of nutraceuticals explains their different nutritional

and pharmaceutical properties.2%]
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Extra virgin olive oil, lemons and oranges, for example, contain antioxidants that can act on metabolism, on the
immune system and on iron absorption; oats and barley rare able to reduce blood levels of cholesterol and glucose;
grapes and ginger help increase sleep. We must always remember that beneficial properties are not brought about by
a single substance but by the totality of constituents that contribute to the creation of nutraceuticals.

Since 2008, the consumer pattern of Italians has declined dramatically due to scarce financial resources. In this context,
people's choices are becoming more moderate and scrupulous. Despite this, the appreciation for high-quality products
and services remains of particular relevance. Nowadays, self-regulation of health is understood as a social and personal
resourse; patients themselves are aware that they can better manage their daily choices. For these reasons,
nutraceuticals and supplements have become stable elements that accompany the days of everyone's life; in 2018
alone, these requirements increased by 26 million against one 22 regulators of the previous two years.[?’l 32 million
consumers of supplements in total, of which 18 million are regular users.[>’!

In particular, nutraceuticals are widely used by the female population who increasingly require anti-ageing products,
vitamins and minerals to strengthen bones, and finally by pregnant women in relation to the health of their babies.
Just like drugs, however, nutraceuticals need continuity of treatment in order to achieve maximum effectiveness. In
fact, as the WHO (World Health Organisation) states, persistence in treatment or adherence is defined as "the degree
to which the individual patient's behaviour coincides with the treatment prescriptions received from health care
professionals".[33]

This definition is also applicable to dietary, and therefore nutritional, prescriptions.

In Italy, the world of nutraceuticals accounts around 3 billion euros representing a real strategic business environment
for the pharmacies. Italy is Europe's top consumer of nutraceuticals, with a per capita expenditure of 43 euros
compared to a European investment of 27 euros.?! Revenues amounted to 6,8% year on year, especially for the
categories of multivitamins and multi-minerals[2l.

In the next years, the task of the researchers will be to hold and support studies on these products that outline their
safety and the effectiveness without incurring in possible ambiguities associated with their activity. The hope is that
the future of nutraceuticals will continue to evolve and that they can be recommended just like a drug. Personalized
nutraceutical therapy, in terms of dosage and administration, would benefit even more on the health of the citizen.
The nutraceuticals are recommended for both individuals who may incur to undesirable effects with traditional drugs
and patients with medium-low cardiovascular risk.?"l There are also subjects who do not experience any problem with
the drug of choice, but need nutraceuticals in addition to their traditional therapy to achieve a useful additive effect.
As drugs are taken when a pathological condition already exist, they are considered secondary prevention. In contrast,
as nutraceuticals can prevent the onset of a pathology, and thus a decrease in the relative costs of purchasing a drug,
they are considered primary prevention.

The necessary combination of prevention and nutraceuticals is nothing less than the essential means of 'dignifying’
human health. Nutraceutical prevention is a proactive tool for approaching population health conditions and
influencing' them positively. Nutraceuticals used as "prophylaxis' affect the unhealthy lifestyle (such as inadequate diet)
that determines the onset and progression of certain diseases. The government, unable to cope with the high costs of
chronic diseases, should trust the benefits of nutraceuticals. It is important to emphasise that nutraceuticals must

always have proven scientific and clinical efficacy; unlike food supplements for which no demonstration is needed. If
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traditional medicine is a warning medicine, 'proactive nutraceutics' works as a prevention against current drugs,
positively influencing people's habits and lifestyles. 3]

Common thinking might lead the consumer to believe that nutraceuticals are only taken by a small portion of the
population, partly due to socio-economic and demographic conditions. However, the reality turns out to be quite
different and even the eldetly are beginning to recognise themselves in this new reality. "According to data from
FederSalus, a national association grouping around 200 companies in the nutraceutical and supplement sector, the
current industrial turnover in the 3 channels surveyed, i.e. pharmacies, parapharmacies and mass distribution, is over
3.3 billion, growing by 5% compared to 2018. A research conducted by Mintel in 2018 shows that at least 70% of
young adults aged 25-34 take vitamins or minerals on a regular basis, compared to around 88% of those over 65"l

Let's remember how the average life span of people is increasing and that, at the same time, longevity is accompanied
by a potential increase in disability. The aim of health organisations is to extend the state of well-being of elderly
populations thus mitigating the morbidity that leads to disability and that directly impact on the public spending./?2
Again, in this context, the nutraceutical product could be a key actor able to act for the benefit of all, citizens and

institutions alike.

3) Two examples of nutraceuticals use in cohorts of patients with chronic diseases
3.1 Probiotic therapy with vsi#3® in patients with NAFLD: a pilot study (paper)
Based on the article written by: G. Derosa, A. D’Angelo, P. Maffioli, C. Martinotti, M C. Valentino, S. Di Matteo,
G.M. Bruno

Introduction

The definition of Non-Alcoholic Fatty Liver Disease (NAFLD) is a metabolic disorder characterized by hepatic fat
accumulation in the absence of significant alcohol consumption. !l

It is currently the main cause of chronic liver disease in developed countries, and the number of NAFLD patients is
growing wotldwide.l?! NAFLD is a consequence of triglycerides accumulation in the hepatocytes and is considered as
the hepatic manifestation of obesity and the metabolic syndrome.’l Considered until a few years ago a benign
condition, it is now considered that in a proportion of cases NAFLD can take an evolutionary course, particulatly
when inflammation and hepatocellular damage are associated with steatosis. This condition, called "non-alcoholic
steatohepatitis (NASH: nonalcoholic steatohepatitis)" is associated with activation of fibrogenesis and can develop
into cirrhosis and hepatocellular carcinoma. Based on data from general population studies, about 1/4 of Italians
between 18 and 65 would be affected by NAFLD. Overall, the estimated prevalence of NAFLD in the general
population is around 20-40%, but is higher in the obese and diabetic. Furthermore, NAFLD is a pre-risk factor for
the evolution of non-alcoholic steatohepatitis (NASH), a risk factor for chronic liver disease, and has a prevalence of
2-5% among NAFLD patients.[! The quick progression of this condition is linked to changes in a quantity of
environmental factors interacting with genetic and epigenetic factors.

The only proven effective strategy for NAFLD non-pharmacological treatment is weight loss,I’ even if several

therapeutic approaches have been proposed.
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In Italy, an analysis that aims to evaluate the use of health resources and the costs associated with patients with
NAFLD / NASH and advanced liver disease is being conducted (defined as NAFLD / NASH patients with
compensated cirrhosis [CCJ, decompensated cirrhosis [DCC], liver transplant [LT], or HCC). Researchers examined
data from neatly 10,000 Italian patients with NAFLD / NASH who were hospitalized between 2011 and 2017 and
identified 131 individuals (1.3%) with CC, 303 (3.1%) with DCC, 11 (0.1%) with LT and 79 (0.8%) with HCC. NAFLD
/ NASH patients with advanced liver disease were hospitalized on average 4.2 to 4.4 times per year, compared with
2.9 times in those without advanced liver disease (p=0.05). The average annual total health care costs associated with
patients hospitalized with NAFLD / NASH were at least 86% higher in subjects with advanced liver disease than in
those without, mainly due to higher hospital costs: € 10,576 for patients with NAFLD / NASH without advanced
liver disease, € 19,681 for those with CC, € 19,808 for those with DCC, € 65,137 with LT and € 26,220 with HCC
(total annual costs 2017).

A similar trend was observed after adjusting costs for patient characteristics and comorbidities such as type 2 diabetes
and cardiovascular disease, suggesting that liver-related complications accounted for at least 50% of total health costs

among patients with advanced liver disease: € 2,418 for those without advanced liver disease, compared to € 9.318 for
those with CC, € 9.717 for DCC, € 55.677 for LT and € 16.185 for HCC (p <0.01 for CC, DCC and HCC; p = 0.08
per LT).

The annual costs associated with patients with NAFLD / NASH with advanced liver disease are extremely high and
increase with progression of liver disease, highlighting the need for effective interventions to prevent progression "
Current evidence suggests some nutraceuticals for the treatment of patients with NAFLD, as vitamin D, vitamin E,
carnitine, polyunsaturated fatty acids (PUFAs), silymarin, resveratrol, anthocyanins, and betaine.l’l The role of the gut
microbiota is becoming increasingly important as interface between environmental changes and host biology.
Probiotics are defined as live microorganisms that, when administered in adequate amounts, confer a health benefit
on the host.[®l There is an anatomical link between the intestine and liver via the hepatic portal system. Based on the
connection between intestine and liver, also termed the gut-liver axis, gut microbiota and their metabolic products
may influence liver pathology.!

To date, there are no or few studies demonstrated an action on microbiota with probiotics and the consequence
modification of biochemical parameters in patients with diagnosis of NAFLD. On these bases, we projected a study
aimed to evaluate if a supplementation with VSL#3® [Streptococcus thermophilus BT01, Bifidobactetia (B. breve
BB02, B. longum BL03, B. infantis BI04), Lactobacilli (L. acidophilus BAO5, L. plantarum BPOG6, L. paracasei BP07,
L. delbrueckii subsp. bulgaricus BD08)] could improve hepatic parameters.

Materials and methods

Study design

This 3-months, double-blind, randomized, placebo-controlled, pilot study was conducted at the Department of
Internal Medicine and Therapeutics, University of Pavia (Pavia, Italy), among patients attending the Diabetes and

Metabolic Diseases Center and the Center for Prevention, Surveillance, Diagnosis and Treatment of Rare Diseases.
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The study protocol was conducted in accordance with the 1994 Declaration of Helsinki, and its amendments and the
Code of Good Clinical Practice. All patients provided written informed consent to participate in this study after a full
explanation of the study was given.

Material and methods

We enrolled 30 Caucasian patients aged > 18 of either sex. We enrolled patients with diagnosis of NAFLD, according
to practice guidancel'” and in particular with these characteristics:

-transaminases (AST and ALT) increase

-ratio inversion AST/ALT

-absence of virus markers of hepatitis

-absence of alcohol consumption or consumption less than 20 g/day in women and 30 g/day in men

For further confirmation of the diagnosis of NAFLD, the Hepatic Steatosis Index (HSI) has been calculated using
the formula:

8 x (AST/ALT ratio) + BMI (+2 if woman; + 2 if diabetic)

An additional criterion was hepatomegaly and/or the presence of hepatic echography with a framework of NAFLD
such as the hyper-reflective (bright) surface of the liver.

Suitable patients, identified from review of case notes and/or computerized clinic registers, were contacted by the
investigators in person or by telephone.

Patients were excluded if they have chronic liver disease; impaired renal function (defined as serum creatinine level
higher than the ULN for age and sex); endocrine disorders, or gastrointestinal disorders; current or previous evidence
of ischemic heart disease, heart failure, or stroke; malignancy; and significant neurological or psychiatric disturbances,
including alcohol or drug abuse. Excluded medications (within the previous 3 months) were anorectic agents, laxatives,
B-agonists (other than inhalers), diuretics, cyproheptadine, anti-depressants, anti-serotoninergics, phenothiazines,
barbiturates, oral corticosteroids, and anti-psychotics. Women who were pregnant or breastfeeding or of childbearing
potential and not taking adequate contraceptive precautions wete also excluded.

Diet and physical activity

At baseline, all patients were already following an adequate diet. The controlled-energy diet (~600 kcal daily deficit)
was based on NCEP-ATP III recommendations,|'!l that contained 50% of calories from carbohydrates, 30% from fat
(< 7% saturated, up to 10% polyunsaturated, and up to 20% monounsaturated), and 20% from proteins, with a
maximum cholesterol content of 300 mg/d, and 35 g/d of fiber. Standard diet advice was given by a dietitian and/or
specialist physician. Individuals were also encouraged to maintain their usual physical activity.

Treatment

Patients were randomized to take placebo or VSL#3®, 2 sachets/day in the morning for 3 months. VSL#3® and
placebo were self-administered. Both VSL#3® and placebo were supplied as identical, coded boxes to ensure the
blind status of the study.

Randomization was done using a drawing of envelopes containing randomization codes prepared by a statistician.
Medication compliance was assessed by counting the number of bottles returned at the time of specified clinic visits.

Throughout the study, we will instruct patients to take their first dose of new medication on the day after they were
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given the study medication. At the same time, all unused medication will be retrieved for inventory. All medications

will be provided free of charge.

Assessments

Before starting the study, all patients underwent an initial screening assessment that include a medical history, physical
examination, vital signs (blood pressure and heart rate), a 12-lead electrocardiogram, measurements of height and
body weight, calculation of BMI, abdominal circumference (Abd. Cir.), waist circumference (Waist Cir.), and hip
circumference (Hip Cir.), total cholesterol (T'C), low density lipoprotein-cholesterol (LDL-C), high density lipoprotein-
cholesterol (HDL-C), triglycerides (Tg), transaminases [aspartate aminotransferase (AST) and alanine
aminotransferase (ALT)], gamma-glutamyltransferase (I-GT), high-sensitivity C-reactive protein (Hs-CRP), and
adiponectin (ADN).

All parameters were assessed at baseline, and after 3 months since the study start.

All parameters were determined in fasting state, after a 12-h overnight fast, in the plasma. Venous blood samples were
taken for all patients between 8 and 9 a.m. and were drawn from an antecubital vein with a 19-gauge needle without
venous stasis.

We used plasma obtained by addition of Na,-EDTA, 1 mg/ml, and centrifuged at 3000 g for 15 minutes at 4°C.
Immediately after centrifugation, the plasma samples were frozen and stored at -80°C for no more than 3 months. All
measurements were performed in a central laboratory.

BMI was calculated by the investigators as weight in kilograms divided by the square of height in meters. Plasma
glucose was assayed using a glucose-oxidase method (GOD/PAP, Roche Diagnostics, Mannheim, Germany) with
intra- and interassay coefficients of variation (CsV) <2%.[12]

Total cholesterol and Tg levels were determined using fully enzymatic techniques!'3!4 on a clinical chemistry analyzer
(HITACHI 737; Hitachi, Tokyo, Japan); intra- and interassay CsV were 1.0 and 2.1 for TC measurement, and 0.9 and
2.4 for Tg measurement, respectively. High density lipoprotein-cholesterol level was measured after precipitation of
plasma apo B-containing lipoproteins with phosphotungstic acid® intra- and interassay CsV were 1.0 and 1.9,
respectively; LDL-C level was calculated by the Friedewald formula.['d]

Transaminases and | -GT were evaluated in central laboratory according to standard methods. High sensitivity C-
Reactive Protein was measured with use of latex-enhanced immunonephelometric assays on a BN 1I analyser (Dade
Behring, Newark, Delaware, USA). The intra- and inter-assay CsV were 5.7% and 1.3%, respectively.l'] Adiponectin
level was determined using ELISA kits (B-bridge International, Sunnyvale, CA). Intraassay CsV were 3.6% for low-
and 3.3% for high-control samples, whereas interassay CsV were 3.2% for low- and 7.3% for high-control samples,
respectively.[8]

Hepatic echography

Each patient underwent abdominal ultrasonography using a 3.0 MHz curved array transducer and a standard Acuson
Sequoia 512 system (Acuson, Mountain View, California, USA). Grading of severity of fatty liver disease in patients
with NAFLD was determined as described previously.[1%2] Level 0 was defined as a normal hepatic echo pattern, level

1 as a slight increase in echo pattern with normal visualization of vessels and diaphragm, level 2 as a moderate increase
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in echogenicity with reduced visibility of portal veins and diaphragm, and level 3 as a pronounced increase in hepatic
echo pattern with poor visibility of intrahepatic vessels and posterior right lobe of the liver.

Safety measurements

Treatment tolerability was assessed at each study visit using an accurate interview of patients by the investigators, and
comparisons of clinical and laboratory values with baseline levels. Safety monitoring included physical examination,

vital sign assessment, weight, adverse events, and laboratory tests. All adverse events were recorded.

Statistical Analysis

Patients were included in the tolerability analysis if they received = 1 dose of trial medication after randomization and
underwent a subsequent tolerability observation. Continuous variables were tested using a two-way repeated measures
analysis of variance (ANOVA). Intervention effects were adjusted for additional potential confounders using analysis
of covariance. Analysis of variance was also used to assess the significance within and between groups. Statistical
analysis of data were performed using the Statistical Package for Social Sciences software version 14.0 (SPSS Inc.,
Chicago, Illinois, USA). Data were presented as mean (SD). For all statistical analyses, p < 0.05 were considered

statistically significant.l*!]

Results

Study sample

A total of 60 patients were enrolled in the trial. Of these, 30 wetre randomized to VSL#3® supplementation and 30
to placebo. All the patients completed the study.

Anthropometric parameters

We did not observe any change in BMI or circumferences with neither treatment (Tab. 1).

Glycemic parameter

Glycemia did not change during the study, although a slight decreasing trend was observed in patients receiving
treatment with VSL#3® (Tab. 1).

Lipid profile

Total cholesterol, LDL-C, and HDL-C did not modify during the 3 months of observation, while a statistically
significant Tg decrease (p< 0.05 vs baseline, and p< 0.05 vs placebo, respectively) was observed in the group of
patients being treated with VSL#3® (Tab. 1).

Inflammation parameter

A statistically significant Hs-CRP reduction (p< 0.05 vs baseline) was obtained in patients receiving VSLH#3®
compared to the group being treated with placebo (Tab. 1).

Cytokine

Adiponectin did not change during the study, although a slight increasing trend was observed in patients receiving

treatment with VSL#3® (Tab. 1).

Table 1: VSL#3® treatment at baseline and after 3 months.
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Hepatic values

Transaminase values were reduced at the end of the trial. Aspartate aminotransferase and ALT were significantly
decrease versus baseline (p<0.05) and versus placebo (p<<0.05), respectively. Even the || -GT was significantly reduced
in VSL#3® group (p<0.05 vs baseline and p<<0.05 vs placebo) compared to placebo group. Furthermore, AST/ALT
ratio was significantly lower than the VSL#3® group (p<0.05 vs baseline and p<<0.05 vs placebo) compated to placebo
group (Tab. 2).

We obsetrved a significant decrease in HIS after 3 months of VSL#3® treatment (p<<0.05 vs baseline and p<<0.05 vs
placebo) compared to placebo group (Tab. 2). All patients reported an improvement or the disappearance of hepatic
steatosis (Tab. 3) demonstrated by the hepatic echography of the patients subjected to the control after 3 months of
VSL#3® treatment.

Table 2: hepatic values during VSL#3® treatment at baseline and after 3 months.

Table 3: Grade of fatty liver during VSL#3® treatment at baseline and after 3 months.

Discussion and conclusion

Our study showed that all patients receiving the VSL#3® probiotic had an improvement in NAFLD and also the
disappearance of the disease in some cases. NAFLD is characterized by the deposition of lipids in hepatocytes and is
considered the hepatic manifestation of metabolic syndrome.l?2l More and more evidence supports the thesis that
dysbiosis has a role in the development of NAFLD, although very little is known about the real composition of
intestinal microbiota in these patients.l?3 Intestinal microbes produce a vast array of bioactive molecules from any
dietary compound reaching the colon, establishing an intense microbiota-host metabolism with an important impact
on physiology and nutritional state. 24

Some trials observed a strong relationship between liver and gut: the portal system receives blood from the gut, and
intestinal blood content can be involved in the induction and progression of liver damage in several chronic liver
diseases.[?5 Alterations in intestinal microbiota seem to play an important role in the development of NAFLD and
multiple molecular pathways have been postulated to explain the relationship between NAFLD and dysbiosis.[2¢l There
are very few trials in humans with VSL#3® as probiotic supplementation. Solga SF et al. evaluated VSL#3® on four
adult patients with NAFLD in an open label pilot study. They received 1 sachet of the probiotic compound daily for
4 months and all patients experienced a significant increase in liver fat at the end of 4 months without amelioration
of metabolic and transaminases parameters.l?’l Other Authors verified probiotic mixtures in patients with NAFLD.
Mahboobi S et al. studied probiotic (Lactobacillus Casei, Lactobacillus Acidophilus, Lactobacillus Rhamnosus,
Lactobacillus Bulgaricus, Bifidobacterium Breve, Bifidobacterium Longum, and Streptococcus Thermophilus)
supplementation on TC, LDL-C, HDL-C, and Tg, after 8 weeks in sixty pre-diabetic patients. They did not show any
significant modification and observe Tg value was increased by 17 % (+16.2 mg/dl).=28 In our study, Tg was reduced
by 8.7 % (-14.7 mg/dl). Sepideh A et al. studied a probiotic (the same as Mahboobi et al.) versus placebo during a
petiod of 2 months. They reported a nonsignificant decrease of FPG (-4.53 mg/dl, -4.6 %) vs baseline, but significantly
lower versus placebo (+2.62 mg/dl, +2.7 %),12% and a significant decrease of intetleukin-6 (-2.93 pg/ml, -10.0 %) vs
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baseline and placebo (-0.94 pg/ml, -3.1 %), while we did not demonstrate any changes in FPG (-3.1 mg/dl, -3.2 %),
but a significant improvement of another inflammation parameter as Hs-CRP (-0.2 mg/1, -14.3 %), and nonsignificant
improvement in ADN (+0.3 ' g/ml, +4.2 %), respectively, was observed. The transaminases amelioration was in line
with the study of Aller R et al. They considered a probiotic (Lactobacillus Bulgaricus and Streptococcus Thermophilus)
and verified a significant decrease of AST (-5.7 IU/1, -13.8 %), and ALT (-7.3 TU/, -10.8 %); in our trial, we obtained
a significant decrease of AST (-9.3 IU/1, -17 %), and ALT (-6.7 IU/L, -11.7 %), respectively.’l Another study by
Nabavi S et al. aimed to verify if probiotic (Lactobacillus Acidophilus and Bifidobacterium Lactis) yogurt consumption
could modify lipid profile and transaminases in seventy-two patients with NAFLD.B! At the end of the study, they
observe a decrease of TC, LDL-C, AST, and ALT by -23.9 mg/dl (-12.2 %), -20.3 mg/dl (-16.9 %), -5.0 IU/1 (-15.9
%), and -6.0 TU/1 (-19%), respectively. No significant changes were observed in levels of FPG, Tg, or HDL-C in
either group.

The changes of gut microbiota are important in NAFLD. Gut gram-negative microbiota produce lipopolysaccharide
and endotoxins and they start from the liver via the portal vein. The variations of the microbiota can lead to increase
the intestinal permeability and the endotoxins activate Kupffer cells in the liver and enhance the production of
inflaimmatory markers and the propagations of inflammatory signal into the portal blood and the liver. We assume
that the principal factors contributing to the changes of therapeutic outcomes are various and different on the basis
of bacterial activity of probiotic or is dependent on different dysbiosis of patients with NAFLD. We can read our
results in this sense, considering VSL#3® as a mixture of bacteria compared to other results experiencing less
bacteria.’2l Furthermore, the beneficial effects of probiotic compound are also associated with their metabolic
activities.[3 They can improve insulin resistancel3¥ and reduce hepatic lipids and serum endotoxin levels, which may
be associated with the stimulation of expression of adenosine 5-monophosphate (AMP)-activated protein kinase
(AMPK) and serine/threonine kinase (AKT) proteins, and lipogenesis- or lipolysis-telated proteins. )

We observed discrepant results in literature, but above all the results on the change of the hepatic grading, obtained
in various studied cases in this trial, can lead us to move forward. In fact, our study can be considered a pilot study.
Howevert, to date, there are few studies with probiotics and even less in humans with VSL#3®. Thetefore, the clinical
efficacy of gut microbiota-targeted therapies on NAFLD still need to be confirmed with large-scale and well-organized
randomized clinical trials.

Probiotic therapy with VSL#3® ameliorates hepatic parameters and echography grading, while also reducing Tg and

the inflammatory status.

3.2 Dementia cost of illness: a systematic literature review. How nutracentical products can help NHS to sustain dementia’s

costs (paper)
Based on the article written by: G.M. Bruno, G. L. Colombo, C. Martinotti, M.C. Valentino, S. Di Matteo

Introduction
The progressive aging of the population is today a challenge for modern society and health systems. Epidemiological
change is causing new social and health problems that have never been addressed before. The number of people over

60 years of age has now reached 900 million worldwide, or 12% of the population, with an estimated 2.4 billion in
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2050, or 21% of the total population.ll Many of these individuals are already suffering from chronic degenerative
diseases, dementia being one of the most serious and disabling. Dementia is a syndrome characterized by acquired
impairment in one or more functions, such as memory, attention, orientation, language, thinking, behavior and ability
to perform everyday activities.l?l The seriousness of this clinical condition can vary, but it is often highly disabling on
a personal level, and onerous on the social-welfare level.l’ The most frequent form of cognitive decline is Alzheimer’s
disease (AD), a neurodegenerative condition making up 50% to 60% of all dementias.¥l In early stages of the disease,
patients are mostly cared for in the community, receiving informal care and support for ADLs (activities of daily
living) from mostly female caregivers, although the number of male caregivers is increasing and it can be estimated to
be 40% of health workers.[567 Increasing severity, worsening of cognitive and physical functions, and presence of
behavioral and psychiatric symptoms (BPSD) contribute to a growing burden on family caregivers, 8l and augmenting
demand for formal community support services.’l Once the subjective caregiver burden becomes overwhelming,
institutionalization is necessary for many patients. Worldwide, around 50 million are estimated to have dementia, and
there are nearly 10 million new cases every year.l?l If disease prevalence and incidence trends do not change in the next
years, this number is projected to reach 82 million by 2030 and 152 million by 2050.12 These atre significant and
worrying numbers, however it should be noted that recent data indicate values of slowing dementia incidence at least
in developed countries, partly due to the preventive measures adopted (greater cardiovascular assistance, greater
awareness of the role of a correct lifestyle), highlighting the importance of these measures and the need to implement
them over time, to reduce the economic impact of disease that today is large and destined to grow without adequate
interventions.l'%11 The world economic burden of cognitive decline is high and increasing especially in developing
countries, so much that it is estimated that Alzheimer and other dementias will become between the first three leading
cause of burden of disease in high-income countries by 2030, and raises different challenges to public healthcare and
assistance systems for the elderly.l'2l Currently, the global costs of dementia are estimated to be around 1 trillion US
dollars and this figure will rise to three trillion US dollars by 2030.['3 Dementia-related costs are associated with
medical care, direct costs of formal care, and indirect costs of informal care. Although people with dementia need
continuous, integrated, and holistic assistance, their care currently is not highly specialized, often fragmented, poorly
coordinated, and unable to effectively meet the needs of patients and their families.' Compared with other long-
term care users, dementia patients require extensive personal care, including supervision, and time for providing
assistance with daily activities, resulting in higher costs of care and economic impact on patients, families and
healthcare systems.['] This situation has led patients, their families, and caregivers to look for alternative treatments,
with the purpose to improve the quality of life of patients by relieving the burden of the disease.l'l While secondary
forms can be therapeutically solved once the cause is found, primary dementias can’t be cured, because the undetlying
pathophysiologic mechanisms are not completely understood. Up to now, research has produced drug therapies that,
if administered early, can delay the clinical evolution of the disease by a few years, and offer patients and their families
a considerably long period of better quality of life, even if sometimes associated with problems of safety in long time.
Alternative or complementary therapeutic approaches, such as nutraceutical products, are now finding foothold near
conventional therapies.[!7]

The word “nutraceutics” (from “nutrition” and “pharmaceutics”) highlights the pharmacological effect of some

nutritional elements, which are identified as useful for the prevention or treatment of conditions or diseases. “Neuro-
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nutraceuticals” can be divided in nutraceuticals with useful properties for maintaining the normal functions of the
central nervous system (CNS), and nutraceuticals with useful properties for treating diseases that can compromise
cognitive functions (or with nootropic effects on healthy individuals).l'” In clinical terms, the above definition can be
translated into two actions: (1) prevention of (systemic or not systemic) diseases impairing CNS vascularization,
affecting CNS metabolism, or producing inflammation (e.g., atherosclerosis, diabetes, multimorbidity,
endogenous/exogenous toxicosis, lack of essential elements); (2) promotion of an adequate brain activity (daily
involvement in stimulating activities, improvement in cerebral flow, neurotransmission, and neuronal metabolism).[8]
Many published studies indicate that the informal care costs account for much of AD total costs associated with AD.
Slowing down the process of cognitive decline and dementia can result in cost savings due to a delayed or reduced
need for caregivers, healthcare professionals and social support.1>13]

The need for new therapeutic and assistance approaches has proved to be necessary in association with the drugs used
today: since they only have a symptomatic action, their effectiveness tends to decrease with the progression of the
disease. Also non-pharmacological treatments are important for the prevention of AD or as adjuvants in other
treatments, tending to delay cognitive decline.l'l Research funded by the European Union and entrusted to
independent scientists, published by The Lancet Neurology, demonstrated the effectiveness of a patented mix of
active nutrients (including omega-3 fatty acids, phospholipids, anti-oxidants and B vitamins) in preserving brain tissue,
memory and the ability to carry out the activities of daily living in 311 subjects showing the first signs of mild cognitive
decline (LipiDiDiet RCT).I¥ LipiDiDiet was a 24-month randomised, controlled, double-blind, parallel-group,
multicenter trial (11 sites in Finland, Germany, the Netherlands, and Sweden), with optional 12-month double-
blind extensions. The trial enrolled individuals with prodromal Alzheimer’s disease. Patients were randomly assigned
(1:1) to active nutraceutical product (n=153) or control product (n=158). Although the intervention had no significant
effect on the NTB primary endpoint over 2 years in prodromal Alzheimer’s disease, cognitive decline in this
population was much lower than expected, rendering the primary endpoint inadequately powered. In addition,
secondary endpoints of disease progression measuring cognition and function benefits and hippocampal atrophy were
observed, highlighting that further studies on nutritional approaches are needed.[""]

Therefore, nutraceutics, at least according and using the conditions described in the published study,["’lmay represent
a step forward, helping to slow down brain ageing and the neuronal degeneration. And even if it does not provide
healing prospects, it certainly helps give patients a few more years with a higher quality of life: prolonging self-
awareness, insight ability and independent IADL and ADL, is also an important goal.l' No direct studies measuring
the economic impact of the use of nutraceuticals in the treatment of patients with cognitive decline have been carried
out yet. Instead, cost of illness (COI) studies are available for cognitive decline and dementia. This type of study aims
to identify and measure all the costs of a disease, describing the economic burden of a specific pathologic condition,
and consequently savings that could be obtain if the course of disease were to be arrested or slowed down.?]
Therefore, COI studies are necessary to proceed with subsequent research steps in the field of new approaches and
therapeutic or preventive strategies. Indeed, cost-of-illness studies are an important source of information for health
policy makers, especially for chronic diseases that weigh heavily on health expenditures. They provide comprehensive
data for decision making and planning of healthcare services by making the distributions of several cost components

transparent.?1]
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Aims of the study

Since there is international consensus that dementia is the one of the most burdensome disease for modern societies,
we aimed to quantify estimates of this burden in published data through cost-of-illness studies available in scientific
literature. More specifically, given the progressive and irreversible worsening nature of dementia and the available
evidence showing rising cost with increase in severity, as well as the possibility of managing patient in different living
conditions (at home in the community, or in a nursing home),I>!>?2 we paid attention to these aspects analyzing
scientific literature, in order to trace cost subgroups based on the severity stage and how the dementia patient care is
provided, highlighting the impact of these variables on total cost and secondly, to estimate the possible impact on
costs of strategies slowing down the course of the disease. COI studies allow to examine complexity of dementias
burden, and we focused on Alzheimer’s disease (AD) in particular, considering at the same time health and social care,
cash allowances, informal care, and out-of-pocket expenditure by families. To identify, evaluate and summarize data
on cost of dementia and cognitive decline, we developed a systematic review worldwide. Systematic reviews are useful
tools for researchers, practitioners and healthcare decision-makers, encouraged to make use of the latest research and
information about best practice, and to ensure that decisions are demonstrably rooted in this knowledge.[?’ Therefore,
it was our goal to develop an analysis that offered a wide-ranging overview of the cost studies conducted on dementia,

a starting point for further analyses.

Materials and methods

The review was conducted following the general principles published in the Centre for Reviews and Dissemination
(CRD)'s guidance for conducting systematic reviews and the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement, inclusion and evaluation of studies in this review was based on PICOS
(Population, Intervention, Comparators, Outcome and Study design) issues.[?324 Health care decisions for individual
patients and for public policy should be informed by the best available research evidence.?sl CDR’s guidance and
PRISMA statement are recommended as sources of good practice by agencies such as the National Institute for Health
Research Health Technology Assessment (NIHR HTA) program, and the National Institute for Health and Clinical
Excellence (NICE) and are used widely internationally. PICOS corresponds to a useful tool for making explicit the
questions of the revision. PICOS issues define review question that can be framed in terms of the population,
intervention(s), comparator(s), outcomes and study design. The use of this tool allows to determine specific inclusion
criteria to be adopted in the process of selecting studies. 2324

Eligibility of the examined publications

This systematic review included published cost of illness and economic evaluation, based on clinical studies or
economic models of adults with dementia in general, and focusing specifically on AD patients, severity status (mild,
moderate, severe) and living condition (home/institution). We considered studies including following PRISMA-
defined PICOS critetia: (1) Population: Male/Female adults community-dwelling and/or institutionalized diagnosed
with dementia regardless of severity stage; (2) Intervention: no specific type of treatment was considered among
inclusion criteria; (3) Comparators: main comparison sought with baseline dementia patient conditions, the presence

of a comparator cohort was considered permissible but not required for inclusion; if present, was allowed as
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comparison: patient not suffering from dementia or in pre-diagnosis status. Main comparison sought was with baseline
dementia patient conditions; (4) Outcomes: primary economic outcome was total cost related to disease, divided into
different cost components (direct medical-cost, direct non-medical-cost, indirect cost, formal/informal cost),
variously reported according to the perspective of the study; in the studies carrying out a stratification by cost
subgroups the main clinical outcomes considered for their effects on costs were: severity stage of disease (mild,
moderate, severe), living condition (community-dwelling/institutionalized) and comorbid conditions; (5) Study
designs: cost of illness and economic evaluation studies based on clinical studies (cross-
sectional/prospective/retrospective  obsetvational method —studies including patients follow-up/medical
records/registries/questionnaires or randomized controlled trial) or economic model, mainly based on clinical studies
or prevalence-based approach, that can allow the extraction of an average total cost per patient during a specific period
of time (e.g. one month, six months, one year etc.), easily resettable at a total cost per patient per year (so, cost of
illness studies incidence-based reporting lifetime costs were excluded); both societal and healthcare payer (Medicare,
NHS, National Health-care System) perspective were adopted for the inclusion.

Search strategy, screening, and data extraction

An electronic literature search about all available articles meeting the inclusion criteria was carried out using Medline
(PubMed), the Cochrane Library and Google Scholar up to July 2019. In addition, cross-referencing from the articles
found was used to complete the search.

The keywords used to search titles and abstracts were dementia, Alzheimer Disease, cost of illness, economic impact, cost analysis,
combined using the AND, OR Boolean operators. To assess global economic impact of dementia according to
inclusion criteria, we included cost of illness studies and economic evaluation of clinical studies developed on patients
with dementia, and more specifically we focused on Alzheimer’s disease, as it is the most frequent form of dementia.
So, we included studies carried out on patients diagnosed with dementia in general, including AD patients, and studies
conducted on AD population, while studies developed exclusively for other type of dementia were excluded. Case
reports, purely descriptive studies and previous COI reviews (systematic or not) on this topic were excluded. In
addition, studies were excluded if their primary objective was not estimation of dementia cost, if they were focused
on caregiver and informal care, or if they were mainly economic model based on incidence-approach reporting lifetime
costs. Abstract publications were not included due to lack of sufficiently detailed data, only full texts were included
among those potentially relevant. The search has been filtered considering only articles published in English and
appeared starting from year 2000. The reference lists of sources were reviewed for studies not previously identified.
Methodological quality of included studies was evaluated using quality assessment tool for economic evaluation
developed based on model described by Drummond,?°l and adapted to COI by Molinier et al,l*l yet adopted in a COI
methodological review.l?2 Heterogeneity was not analyzed and no quantitative pooling of data from these studies was
undertaken. From all articles that met the review critetia, basic information was extracted by an independent researcher
and reported in summary tables created with Excel®. From each publication the following data were extracted:
authors, year of publication, country, study design, type of disease, patients’ sample size, baseline characteristics (mean
age, gender, severity stage, patient living condition), dementia definition, cost evaluation methods (tools adopted to
collect resource consumption and type of unit cost valuation) and perspective adopted. For each study method used

for dementia diagnosis and for evaluation of severity were sought. If included in studies outcomes, also complications
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impact on cost was analyzed. Then, to identify main cost driver direct (medical/non-medical), indirect and informal
costs were considered as cost outcome measures and extracted from studies. Specifically, when studies offered
subgroups analyses, we focused on changes in disease costs related to severity and living condition. When studies
presented cost estimates for more than three stages of disease (mild, moderate and severe), we selected estimates
corresponding to these three stages of dementia. For each study we extracted items cost of interest per patient related
to the study period and the average total cost, if available, otherwise it was calculated. To provide consistency in
comparing results, we adopted annual cost per patient as summary measure and when it was not directly available it
was calculated starting from study period reported in each study. Moreover, total annual cost per patient were inflated
to 2019 values in local currency and converted in euro (€ 2019). Some studies did not report explicitly make the
currency year. In these cases, we adopted the year of the reported source for the unit costs included in the analysis.
Studies characteristics description, the main cost results extracted from studies and total annual cost for all population
e subgroups were reported in summary tables. During data search and extraction phase we did not contact study
authors to obtain additional information. Because of methodological and clinical heterogeneity between studies, a
narrative synthesis was applied. Numbers of studies screened, assessed for eligibility, and included in the review, has
been ideally reported with a flow diagram in the Results (Figure 1). Assessment of risk of bias in included studies was
conducted at outcome and study level, the internal and external validity were texted. For each study we considered
clarity and completeness in reporting information on study design and methods (description of: design, setting,
locations, relevant dates, including periods of recruitment follow-up, and data collection). The sample size, patient’s
inclusion criteria and level of precision in presenting results were the main aspects considered in the assessment of
risk of bias potentially able to influence the cumulative estimate of the result. Summary of descriptive statistics were

presented as mean tstandard deviation (SD) and n (%).

Results

A total of fifty economic studies were included in our systematic review; the study selection process is detailed in
Figure 1. As shown in flow diagram of the selection process below (Figure 1), 6829 records were identified in the first
search of the database and after the inclusion of additional records identified through other sources (Google Scholar,
cross-referencing from the articles). Then we excluded 4396 texts because published not in English, before 2000 ot
because they were duplicates. Consequently, 2433 abstract were screened, 2352 of these were considered not eligible,
due to not in accordance with inclusion criteria, mainly: abstract only publications, full-text not available, simple case
report/descriptive analysis/previous reviews, not economic studies or not focusing on dementia, mainly focused on
caregiver, treatment or diagnosis. At the end of this process, 81 full-text articles were assessed for eligibility and after
full-text viewing and elimination of further 31 studies which did not comply with the pre-established selection criteria,

50 articles were finally included in the review.

Included studies characteristics
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43 studies were conducted from societal perspective, while remaining 7 studies adopted healthcare payer’s perspective.
We decided to include both points of view, but the respective studies were analyzed separately.

The primaty characteristics of included studies ate summarized in Table 1 (societal perspective) and 2 (healthcare
payet’s perspective). Cost of illness studies and economic evaluation on dementia/AD included were mainly
developed on the basis of observational trial data, only three studies had randomized populationl?74>5 and four were
prevalence-based economic models.[28294354 Included studies reported cost results for 27 countries: Argentina (1),
Belgium (1), Brazil (1), Czech Republic (1), Chile (1), China (2), Denmark (2), Finland (1), France (3), Geozrgia (1),
Germany (6) , Hungary (1), Israel (1), Italy (2), Norway (2), Japan (1), Korea (1), Peru (1), Portugal (1), Singapore (1),
Spain (6), Sweden (5), Switzerland (1), Taiwan (2) Turkey (1), UK (5), USA (6). Three studies were multicentric,
developed in more than one country. The study population size ranged from large samples in prevalence-based studies
and in studies with large dementia patients’ cohorts (e.g. 102,560; 69,780 cases,)>7 to a minimum of 42 cases.[* The
mean age varied among studies, the most presented a mean age in the range 74-85. Care setting was variable among
included studies, 25 studies considered cost analysis for a mixed setting (community-dwelling patient/institutionalized
patient), 7 of them reported estimates separately by care setting. 23 studies developed cost analysis on community-

dwelling patient, while only 2 studies were on institutionalized patients.

Figure 1: flow diagram of included studies selection process: data identification, screening, eligibility and inclusion
Table 1: primary characteristics of societal perspective included studies

Table 2: primary characteristics of healthcare payer’s perspective included studies

Disease severity and cognitive status are important for patient status and costs evaluation. Various disease severity
measures were adopted in included studies. Two validated tools are Mini mental state examination (MMSE) and
Clinical Dementia Rating (CDR), that were the most adopted in included studies, in 29 and 8 respectively. Further
tools used were Activities of Daily Living (ADL) score (1), Dementia Functional Assessment Staging (D FAST) scale,
Dependency score (DS), SPMSQ, Short Portable Mental Status Questionnaire, and BIMS, Brief Interview for Mental
Status (BIMS). In the case of 10 studies the method to assess severity was not clearly specified. In most of the studies
dementia was defined according to National Institute of Neurological and Communicative Disorders and Stroke—
Alzheimer’s Disease and Related Disorders Association (NINCDS—-ADRDA) and/or Diagnostic and Statistical
Manual of Mental Disorders IV edition (DSM) (n=20); ICD, International Classification of Disease ICD) (n=8),
though less used tools (SS-IQCODE, Spanish Short-version, AGECAT algorithm, DemTect, National Institute of
Aging—Alzheimer’s Association criteria, SPMSQ, Short Portable Mental Status Questionnaire and Brief Interview for
Mental Status, BIMS) were also used (n=7). In the case of the remaining studies (n=15) diagnosis definition was not
specified or was provided by the general practitioner.

Cost estimates

Most of the studies adopted societal perspective (n.43), reporting at least direct costs and either indirect and/or
informal costs. 18 studies reported informal costs, the remaining analyzed direct and indirect cost categories. 7 of the
included studies were based on the healthcare perspective reporting only direct costs and less details about the
stratification into subgroups. Table 3 and 4 show the main results of included studies from societal and healthcare
petspective respectively. The type and number of included cost categories varies widely between studies and it can be
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partially explained through differences in the adopted perspectives and healthcare systems. Direct costs were obtained
from medical care system resources consumption divided into direct medical (outpatient and inpatient visits and
medication) and non-medical costs that are provided outside the medical care system (e.g., nursing home, home help
and transportation).l’" Indirect costs refer to production losses in the working population (e.g., impaired productivity
while working, sick leave and early retirement). Indirect costs are less relevant in dementia, where most of the affected
are older people who are often retired.['>"7 Informal costs refer to the amount of unpaid informal caregiver’s time
provided for care. For informal cost calculation, two different main methods are used.[’® The replacement cost
approach aims to assign a monetary value for informal care time based on the cost of care by professional caregivers
(formal care). The opportunity cost approach is the value of the best alternative forgone for the informal caregiver,
for example, lost leisure time or lost production.['>] The majority of studies included adopted applied opportunity
cost approach. Despite the variability in term of direct, indirect and informal cost ranges among studies, it is possible
to identify common trends. Studies conducted according to societal perspective, that have taken the three main cost
items into consideration, highlight the significant impact of informal cost on the total cost. As far as the internal
division in direct medical and non-medical cost, the panorama is diversified with a greater number of European studies
indicating the higher impact of non-medical cost, while USA and Asian studies indicate otherwise. Some characteristics
of the analyzed studies influence cost estimates: type of healthcare system, study objectives (estimation of total costs
vs. net costs), patient characteristics (care setting: community-dwelling vs. institutionalized patients), included cost
categories (inclusion or not of informal care), disease severity status. Therefore, the comparison of the results can be

achieved considering these specific elements.

Table 3: main cost results from societal perspective included studies

Table 4: main cost results from healthcare perspective included studies

Specifically, we aimed to highlight the difference in total cost among studies focusing on disease severity stratification
(mild, moderate, severe) and living condition (community-dwelling/institutionalized). To allow compatison among
studies and ensure homogeneity in reporting results, we calculated the average annual cost for each study, as the main
cost outcome, then we extrapolated mean annual cost related to subgroups: disease severity and living condition. All
cost obtained were inflated to 2019 values in local currency and converted in euro (€ 2019). Table 5 and 6 report these
results, allowing to compare mean results among studies and observe severity status and living condition impact on

COSts.

Table 5: mean annual total cost results: overall population and subgroups analysis

Table 6: mean annual total direct cost results: overall population

Mean annual total cost of illness among the 43 societal perspective included studies resulted €25,967 (SD €15,722).
Focusing on annual costs disease severity related, we observed a mean annual total cost around €16,268 (SD €10,011),
€26,201 (SD €19,109) and €36,618 (SD €27,711) for mild, moderate and severe stage respectively, highlichting a cost

per severe disease status more than twice as compared with mild status. Regarding care setting, we identified a mean
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annual cost of about €27,698 (SD €21,937) for community-dwelling patient, while mean total cost for institutionalized
were €37,944 (SD €19,139). Mean annual cost for overall population according to the 7 healthcare payet’s perspective
studies were €19,925 (SD €17,376), while the few cost data on stratification into subgroups did not make possible a

synthesis for these. Table 7 and Figure 2 summarize the results mentioned.

Table 7: mean annual cost per patient in overall population with dementia and subgroups

Figure 2: summary of mean annual costs per patient emerging from the included studies

Discussion and conclusion

The results of our systematic review allow to confirm the great economic burden related to dementia. Many studies
have been published on the dementia and related cost over the years, however there still seem to be little awareness
about the importance of managing disease in the best way to slow disease progression toward more serious stages, to
alleviate patients, caregivers and healthcare systems. With the aim to gather the available evidence on dementia cost
of illness and identify the main drivers of cost, we conducted a systematic review. Our analysis focused on impact on
costs of disease severity condition and type of care setting. 50 studies were included in this review, 43 conducted from
societal perspective and 7 from healthcare payer’s perspective. The main outcome of the study was the definition of
the value of the annual mean cost of illness related to dementia, determined by the addition of cost items considered
in each study in according with the perspective adopted. The main cost items considered were direct (divided in
medical and non-medical cost), indirect and informal costs. All studies reported informal costs to be the main cost
driver, followed by direct costs in majority of the studies. Moreover, all the studies indicated increasing costs by disease
severity and cost per institutionalized dementia patient resulted higher than community-dwelling patient. Findings
from HCP perspective have indicated an average annual total cost per patient of €25,967 (SD €15,722) considering
the overall population with dementia. Mean annual total cost per patient for mild dementia resulted €16,268 (SD
€10,011). This annual cost increased to €26,201 (SD €19,109) for moderate stage and resulted more than twice for
severe dementia, reaching an annual total cost of €36,618 (SD €27,711). Regarding care setting, we have identified a
mean annual total cost of about €27,698 (SD €21,937) for community-dwelling patient and €37,944 (SD €19,139) for
institutionalized patient. The 7 healthcare payer’s perspective studies included reported a mean annual direct cost per
patient of €19,925 (SD €17,376) in the overall dementia population. The results of the present review were consistent
with previously published data.['21580811 As in previous studies a correlation between severity disease and cost was
shown. An element to be considered is the adoption of different methods for disease severity stratification, although
most of studies used MMSE or CDR scale. Moreover, even when using the same tools, different cut-off points were
adopted in the various studies making comparison more difficult. Therefore, we recommend that in future studies a
standardized multidimensional disease severity measure should be adopted, maybe following a consensus process.
Further aspects of interest influencing cost are comorbidities and age, that were considered in a limited number of
included studies. Previously, systematic and not systematic review were developed on dementia, the strength of this
systematic revision is the inclusion of the most recent evidence in addition to yet reviewed studies, offering an update
and search space including studies from 27 countries, and the identification of important cost drivers. Moreover, we

considered the importance of -alternative treatments, such as nutraceuticals products, to delay severity disease
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progression. Regarding limitations of this review, methodological and clinical heterogeneity between studies made a
narrative synthesis necessary. Moreover, sample size of the different populations considered didn’t allowed pooled
metanalysis. The choice to adopt a worldwide overview, including studies with different degrees of health and
economic development and different income, can certainly be considered a limit for comparison. However, we
thought it important to offer as broad a scenario as possible of the cost of the disease based on the data available to
date. The average annual cost of disease was calculated based on of the data provided by each study without weighing
the data based on the quality of the study or the population size, this constitutes a questionable element. Moreover,
among limitations it is to be noted that incidence-based studied reporting lifetime costs were excluded, such as studies
analyzing primarily cost of disease and informal care focusing on caregivers, in addition all articles not published in
English or prior 2000 were excluded, for a comprehensive understanding of cost of illness in dementia, also the results
of those studies may provide useful insights. Further limitations stay in study design of included studies that are mainly
observational trials presenting potential risk of selection bias in the patients included. The vatiation of cost estimates
for different care settings highlight the need to understand and address the financial burden of dementia from both
perspectives. Based on research conducted to carry out this review, we believe it is necessary that future cost-of-illness
studies in dementia should follow a quality standard protocol with clearly defined and transparent cost components
and separate estimates by care setting and disease severity, given the role of these aspects as cost drivers. Treatment
that are effective early in the disease or that can have a preventive effect can postpone the progression of dementia
and can offer multiple benefits to families, caregivers and society.['582 However, as soon as new effective drugs will
be developed and become available on the market, costs for medication are likely to increase even more, especially
because there is a trend toward the development of expensive biologicals.[%3 The cost scenario shown makes it clear
how it is important to get cure for these diseases. Moreover, the availability of more effective treatments could reduce
direct non-medical and informal costs of care. In this context, health economic analysis or simulation studies can be
supportive and offer tools to evaluate alternative treatments. Although there are few data in the literature that can
support the role of nutraceutical product in preventing and slowing down cognitive decline, there is evidence that
deserves attention and leaves open fields of analysis. LipiDiDiet research is part of this evidence, it is the first
completed long-term randomized controlled trial focusing on prodromal Alzheimer’s disease.l'”) Given the hypothesis
that earlier intervention might be more beneficial, the LipiDiDiet trial was designed to investigate the effects of a
multinutrient combination on cognition and related measures in prodromal Alzheimer’s disease.l'”l The active
component adopted in LipiDiDiet research was a multinutrient combination which contains docosahexaenoic acid
(DHA), eicosapentaenoic acid (EPA), uridine monophosphate, choline, vitamins B12, B6, C, E, folic acid,
phospholipids, and selenium. These nutrients were selected based on their established biological and neuroprotective
properties, and specifically combined to enhance efficacy compared with individual nutrients. Benefit was observed
in relevant secondary cognitive-functional and hippocampus atrophy outcome measures, but not in the primary
neuropsychological test battery. The hippocampus is affected eatly in Alzheimer’s disease, and the rate of hippocampal
atrophy over time is considered a reliable measure of Alzheimer’s disease progression.!# Findings of this study support
the hypothesis that intervening early in the disease continuum might achieve benefits more readily than late
intervention, and nutraceutical products can play a role in this mission. In fact, the study exposes interesting

considerations: the potential impact on disease progression, combined with the feasibility aspects including the
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observed high long-term compliance, moderate costs of the intervention, the potentially relative ease of
implementation in clinical practice, as well as the clear need for treatment, warrant further research on nutraceutical
interventions in early Alzheimer’s disease.l') Based on these premises we have developed a simple calculation to
evaluate how a slowdown in the transition from one stage of disease to another more severe could have benefit on
cost. We calculated that a 10% slowdown in the transition from mild to moderate disease severity could offer saving
of about €993 that rise to €1,987 if we assume a 20% slowdown. The savings are greater if we consider a slowdown
in the transition from moderate to severe disease condition: in this case a 10% slowdown could allow a reduction in
total cost of about €1,042 that increase to €2,083 for a 20% slowdown. This is our assumption aimed at testing the
possible effects of the slowing down of the disease progression on costs. The percentages adopted are mere calculation
hypotheses, which can be varied in the model based on any future evidence. Recent analyses, therefore, have shown
potential role of nutraceutical products for the prevention of AD or as adjuvants in other treatments, tending to delay
cognitive decline.l'¢”] In light of this evidence and previous considerations on burden of dementia, nutraceuticals
products could have increasingly importance given the absence of effective treatments, their relatively low cost and
good tolerance profile. The world of “neuro-nutraceutics” offers good research ideas today and, in the next future, it
could open interesting windows on effective and safe treatments, even in patients with diagnosed dementia. Many
food-borne substances have shown to be potentially useful in the prevention and treatment of cognitive decline in
pre-clinical studies. However, further studies are necessary to confirm their beneficial effect in humans and the
potential cost savings generated by their use. In the near future, “nutracconomy” is destined to become an essential
programming tool in the field of healthcare and of the sustainability of costs related to maintaining wellbeing and to
prevention. It goes side by side with a possible, if correctly suggested, reduction in the consumption of drugs associated
with the chronic treatment of many diseases.[83 Undoubtedly, if use, "clinical" experience, the quality of nutraceuticals,
the level of research and scientific information will go hand in hand, "nutracconomic" evaluations will be increasingly
necessary in the future; these analyses will be useful to analyze the impact in terms of cost-benefit, risk-benefit ratio,
quality of life (QoL) and possible savings for NHS, depending on what has been obtained in the prevention or support
treatment, where possible.[36l Defining criteria and endpoints for nutracconomy and for nutraeconomic studies would
allow to better assess the economic impact of nutraceutical products on health policies and organizational models
relating the healthcare as a whole. This would be an important element to better recognize, define and make the most
of the “role of nutraceutical products”. Considering the high burden of dementias, confirmed with our review, and of
the progressive aging of population, destined to worsen current dementia epidemiologic data, the need to search for
new treatment strategies is clear. If more attention is needed for the identification of patients in the early diagnosis, as
for the treatments, in addition to conventional drug-therapy, early-stage treatment with a preventive effect, such as
nutraceutics, effective non-medical support interventions for dementia patients and informal caregivers have to be

considered.

4) Nutraceutical role for future NHS support

The nutraceutical market differs significantly from the traditional one, which finds on the law of supply and demand.
Within the latter market, doctors and patients represent the demand, and it is instead the drug to constitute its offer.

The subjects outlining the demand have particular needs and requests to which they apply State fails to satisfy fully,
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and that is why a strong exists economic imbalance. If a fair price established for the drug, market distortions would
eliminate; defining a precise value for the product is complicated, as it is social, cultural differences and economic
make the difference. The price of a drug-related to its value has undergone considerable transformations; self
formetly, the cost was equal to the amount of that product, which is nowadays value translates based on effectiveness
and economic availability.*’]

The quality of the product is 'built' on what is the utility of the good aimed at satisfying a real need of the individual.
The economic and pharmaceutical reality must face the need for two opposite poles; we speak of an ever older
population requesting innovative and increasingly expensive techniques. Equal access to treatments based solely on
clinical need it would seem to be the cause of the high costs deriving from the public pharmaceutical expenditure.[1]
AIFA negotiates with the AIC holder the price of the drug reimbursable on the evidence of proven effectiveness.
Total pharmaceutical expenditure amounts to twenty-eight point eight million euros, of which the NHS provides
seventy-five point six per cent and only the twenty-seven end seven per cent derives from the citizen's private
expenditure. The new products placed on the market, functional foods precisely, must help reduce health costs. Where
a particular pathology affects two hundred and fifty thousand patients only in Italy, the price for the drug to treat it
will be lower; in countries where the disease does not appear predominantly, the price will be significantly higher.[101
As Mario Bruzzone, health economist “ Drugs & Health stl 7, says economics is no longer compatible with the new
scenario. The more we evolve, the more cooperation exists between pharmaceutical expenditure and availability
financial is no longer actionable. The alternative turning point could be illustrated by a final consumer at the centre of
the market so that he decrees the purchase; the funding made available by SSN place their trust in users' ability to
'adopt’ reliably and durably choices. The so-called 'nutraceutical prevention' was born. It recorded that, especially in
Germany and the Netherlands, the population shows a more significant interest in preventive healthcare. If even in
our country people could be directed towards the most responsible health choices, the arrival of chronic diseases
would postpone. Only in this way the economic gap between the needs of the state and the people who are not yet ill
(contributions of most of the costs) decrease.[102

Cost optimization is one of the strategies implemented by the company for development and the continuous renewal
of the same. To date, the mission of most companies is to promote new products, products that can bring the right
profit to companies. Within a market economy, we speak of "corporate marketing", through which we try to positively
influence what the citizen or patient's choices will be. It will be the task of the company to supply the products
requested in the pharmacy, within which the pharmacist will try to dispense the drug optimally. What differentiates
one pharmacy from another is the ability to sell one free sale product, whether nutraceutical or otherwise. The
adhesion of a free sale product mainly determines by the ability of the pharmacist in conditioning the patient to buy
an individual good. Over the years the pharmaceutical market has undergone numerous evolutions; in particular, we
have tried to reduce public health costs, by transferring them from the NHS to other 'actors' in the sector. Simple
methods are adopted that best summarize the concept of 'spending less and spend bettet ', which would lower costs
to the state. These methods include cutting the prices to the producer, reducing the margins on the pharmacist, the
tightening of tickets to the detriment of the citizen, and finally the control of prescriptions from the doctor.
Furthermore, it is essential to ensure higher selectivity towards the reimbursement of products based on effectiveness.

Only in this way is it possible to provide the true economic value to the drug and the citizen will have to commit
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accordingly. There is talk of ‘prescriptive appropriateness’ through which the patient adheres to therapy neither
without interrupting the treatment nor without exceeding it. Prescribing appropriateness is nothing more than an
established treatment plan for those drugs used in particular pathologies; it is the prescriptions of these drugs that
come reimbursed by the NHS. © Mennini et al. have shown that subjects have better adherence to therapies in
treatment, combined with more effective prevention, can reduce spending public".[103]

This represents the reason why nutraceuticals influence the business reality; a piece of news at the service of financial
,economical but above all, health sustainability. © Our vision of nutraceuticals is, therefore , a tool to support medicine
initiative, able to contribute to the maintenance of individual well-being, to the reduction of the risk factors of the
main pathologies and also to the improvement of prescriptive appropriateness — where regulatory bodies and clinical
experiences find the overuse of drug use - to the benefit of individuals' quality of life e of the community on an
economic and social level”.[104

The world of traditional medicine differs from the nutraceutical one in that it is different work done by the scientific
informant. The task of the scientific informant both in the traditional medicine market and in the nutraceutical one is
to instil explanations regarding the product it must market but differently.[03]

Companies need to have qualified and well-trained people to communicate with general practitioners and specialists
the specificity of the individual nutrients and active ingredients contained in nutraceuticals. The doctot's task will be
to disclose clarifications relating to the possible interactions between drugs and food; the remedial class will have to
determine positive feedback towards the pharmaceutical company. Conversely, current medicine always faces
problems related to the regulation of generics; once the drug expires patent coverage, the manufacturer has no choice
but to interrupt the doctor-informant communication in how much is the drug itself to lose economic value. The
central pivot of the economy are the pharmaceutical companies, which use the most varied solutions to monitor
therapeutic adherence. One of the most representative examples is provided by the 'customer relationship
management 'which describes how to manage customer relationships best. There are also 'marketing automation' and
'data analytics'. They are, respectively, digital tools and platforms useful not only to enhance the commercial activities
but also to improve future collaborations with othet 'protagonists’ of the sector.[109]

Regulations and directives differ based on different countries. In Europe as in America, for example, nutraceuticals
do not yet have a flood approval by legislative bodies; unlike Canada, where nutraceuticals come from intended both
as a drug and as real food. The terms nutraceutical and 'functional' (referring to the drug) do not apply to any
difference. This explains how the effectiveness of nutraceuticals has scientifically proven for the possible treatment
of pathologies. The quality linked to the production of a nutraceutical and the indirect marketing is, to date, in
continuous discussion. Most companies employ a very high-quality nutrient composition; other companies, however,
abuse the fact that nutraceuticals do not have a specification regulation but defined as pure food supplements, they
damage what they are real product safety. The latter will market in countries that do not have a specification and
correct regulation. The scarcity of profits in health care and an amount related to the personal expenses of consumers,
'force' the population to put their trust in alternative ideas useful to manage healthcare. It explains how sales within
the nutraceutical market are getting more and more increasing.!!7]

“The nutraceutical market is now a growth driver for the whole market consumer health”, commented Filippo

Boschetti, head of marketing, strategy & innovation. “The proof is also the growing attention that pharmacies are
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giving to this market segment on which today many pharmacists have decided to focus as a lever for growth in your
business. 110l

Within a Cartesian graph, it would note that a straight line is representative of the pharmaceutical sector and as an
exponential represents the 'boom' of nutraceuticals, which it is a rose by five per cent compared to previous years.
«Large companies have understood that nutritional supplements are a field interesting, with good margins, with a short
time to market. But many do not have grasped how important it is to load nutraceutical products with scientific values
» ; affirms Roberto Lacorte, vice president of PharmaNutra.[10%]

The pharmacist replaces a greater interest in the new commercial market, which can take advantage of all the
opportunities provided by nutraceuticals. Through the great diversity of these nutrients, pharmacies can stand out and
make a difference. Originally the pharmacy was a representative of a place intended for sale only drug; now it is the
pharmacist who must know how to recommend the most similar and useful product to a customer.['¥)

It is the pharmacies that collect the highest profits, not only thanks to the revenues and margins obtained but also
thanks to the average price of these new products. If nutraceutical products were used optimally for the prevention
of specific pathologies would obtain socio-economic benefits, as healthcare costs would also reduce. There is talk of
cost containment by the NHS when the latter will not have to, or only partially, to cover expenses related to ongoing
or post- chronic disease hospitalization. The intervention that should carry out before the onset of chronic pathology
leads to numerous advantages.['!!]

To cope with primary prevention, trust places in nutraceuticals; if you work in a way optimal on primary prevention,
the second one will manifest itself less and less. According to accredited research in countries such as Italy, France,
and the United Kingdom, pathologies acute and chronic abandonment determine possible deaths between eight
thousand and twelve thousand a year with consequent very high health costs.['12]

The cost related to chronic diseases, first of all, the cardiovascular one, is unquestionably high; there is talk of one
hundred and nine six billion a year. The results of a recent analysis show how the use of nutraceutical products in the
field of hypercholesterolemia would create an overall saving of about eleven and six million euros per year. The
purpose of the Nutra-economic is to turn the attention from the drug to the nutraceutical, enhancing proactive
medicine at the expense of current medication, to refine prices related to health services. It estimates about studies
performed through randomized in double-blind clinical trials how many nutrients can decrease blood pressure. In
particular, cocoa flavonoids, beetroot, and coenzyme Q10 restore the functionality of the endothelial and cardiac wall
bringing more than positive effects.[113]

To achieve optimal physical well-being, it is necessary to know how to correctly balance all nutrients present in the
diet correctly. Both macros and micronutrients contribute to determining a healthy lifestyle balanced. The food taken
daily provides the energy necessary for normal activities body functions, to improve efficiency. The benefits brought
by the individual nutrients can be indicated on the labels to able to "Influence" the consumer towards the putrchase
of the product itself. These indications relating to the product considered valid only if previously indications
authorized by Regulation (EC) 1924/2006 and only if the Safety Authority Alimentary (EFSA) has proven its safety
and clinical efficacy.['4

At the basis of these regulatory processes, nutraceuticals are born as ‘new science’ aimed at identifying the beneficial

effects, of nutrients that impact on health. Among the various effects, there is the possibility of reducing the potentially
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fatal risk factors, related to chronic diseases; a good example represents by the high level of blood cholesterol,
responsible for any dyslipidaemias. A nutraceutical has the same credibility as a traditional drug in that it comes also
administered in the form of capsules, pills or ampoules. The field of a nutraceutical, however, differs from the
pharmaceutical products in how much the nutrients used affect a much more expensive range than commonly used
drugs. The important thing is to affirm how nutraceuticals must bring a therapeutic value higher, only if all the intake
of the nutraceutical itself is conducted regularly physical side by side with proper nutrition. The acclaimed and modern
industrialized society has led the population to feed increasingly incorrectly, leading to the onset of ailments such as
diabetes, diseases cardiovascular and obesity. These chronic diseases cause high costs for the NHS; to remedy this
problem nutraceuticals use as the only preventive source. Proper prevention can provide economic and sustainable
opportunities in the time not only to the NHS but also to consumers; careful selection of principles needs active
ingredients contained in the individual nutrients to encourage their bioavailability and possible effectiveness within
the body. [113]

Through nutraceuticals, it is the citizen who decides what is best to take for health becoming a 'protagonist’ and
'master’ of your choices. Detailed Nutra-economics analyzes show how it is possible, using the nutraceuticals, obtain
profitable and advantageous economic savings for NHS. An example of how cardiovascular diseases determine, in
addition to risks, is reported fatal, elevated LDL cholesterol levels in the blood. If specific nutrients used, a reduction
in 'bad cholesterol' (LDL) would result in a reduction in the incidence of cardiovascular disease.[!¢]

The tolerability and efficacy of functional foods support by evidence clinic; the purpose of nutraceuticals bases on
delaying drug treatment. A current example finds in Omega3 fatty acids, which limit an initial onset of cardiovascular
diseases and dyslipidaemias. The nutraceutical investment is not aimed only at the health prevention of the citizen,
but also 'embraces' the possibility of generating future economic savings. The NHS reimburses lipid-lowering drug,
and this would create the service healthcare costs that are impossible to bear. In this regard, if you used nutraceuticals
as a preventive source, not just the NHS it would not have to face such high costs, but the citizen would also avoid
any drug-related not have to face such high prices. These side effects would undoubtedly cause further hospitalizations
and expenses additional by health services. “ A recent meta-analysis conducted by Wang et al. has reported in which
it is highlighted a statistically significant reduction in the average total cholesterol levels of -13.27 mg / dL
consequently to the use of nutraceutical products. Therefore, through an equation in which an average reduction of
adverse events CV equal to 22.5% for each mmol / L decrease in LDL, it was determined that by the use of probiotics,
which allow to reduce cholesterol values by 13.27 mg / dL in total, a 7.85% reduction in the risk of cardiovascular
events would occur people with hypetrcholesterolemia ". It is, therefore , noted how the possibility of incurting any
unwanted effects is decreased by seven times eighty-five per cent. In a country like Italy, where healthcare resources
are increasingly scarce, it will be useful to use nutraceuticals to avoid unsustainable future problems. It must stress,
however, that the National Health System is not obliged to reimburse and dispense lipid-lowering drugs, such as
statins, to patients who do not ensute adequate prescriptive appropriateness. The so-called 'waiting medicine' can
facilitate the outcome of the therapies, unlike one 'interventional medicine' often late and very expensive for the care
of individuals. Bernardino Ramazzini, social doctor and scientist, said: " better safe than sorry '. On the other hand,
there are still some debates related to saving the NHS, which would be at the expense of increased spending by the

citizen. Itis necessary to economically re-evaluate the drug to modify its future reimbursement concerning the benefits
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that nutraceuticals can offer to the individual. Hypercholesterolemia patients forced to take statins for life could be
intolerant to treatment; because of this discomfort, patients will have to avail themselves of the nutraceutical
alternative. In this regard, being these nutrients dependent on the citizen, it could exist the ability to request a possible
refund of the product if this worked perfectly. The importance of the nutraceutical product is reached especially in
those pathologies where life expectancy needs to increase. It has been found in a recent Nutra-economy meta-analysis
such as the cost of cardiovascular disease may exceed one hundred ninety-six billion a year; among them come
enclosed the direct values of the NHS which correspond to about sixteen billion euros. The adverse events of taking
a drug designed to cope with hypercholesterolemia would result in too high a cost for the state. On the other hand, a
nutraceutical intake would result in a savings of 1,363,715,277 euros. Over ten years, the country would be able to
achieve total savings of approximately eleven six million euros a year.[']

Arrigo Cicero, professor of Surgical Sciences and Medical at the University of Bologna says that: “It is not always
necessary to resort to reducing the low-medium blood cholesterol values to drugs and a change in lifestyle is not still
enough. Several clinical trials today they show that individual supplements, or associations of supplements, can prove
themselves particularly useful for the containment of cholesterolaemia. A scientific approach interesting illustrates by
the possibility of associating a supplement for the reduction of cholesterol to one that can reduce the absorption of
cholesterol in the intestine, come on , for example, red rice fermented with probiotics".[118]

To make the new market choices effective, functional foods must be recognized by the NHS as indispensable tools
for systematic prevention, especially for that part of the high-risk population. For this reason, the study relating to
'spina bifida', neuronal disorder in the fetus during pregnancy, is reported. The health claim provided by EFSA
suggests a recommended intake of folic acid for the prevention of this disorder. If an intake of Vitamin B9 has become
almost essential, why not make new functional foods necessary for use? Health information from the NHS and a
continuous innovation in research, represent a decision point for health policies.['1%]

Clinical analyzes define how the nutraceutical market is far outperforming that of the drug, this explains how Nutra-
economic analyzes are necessary for evaluating post-marketing effects and safety. Clinical outcomes and empirical
reviews show how appropriate the use of nutraceuticals can decrease that of drugs producing sustainability of costs
and savings of the state more. These analyses will bring information associated with the risk-benefit ratio and costs
related to the quality of life and savings attributed to the NHS. OSMED 2018 data have issued two useful measures
on the new 'pharmaceutical governance'. OSMED analyzes are issued so that each Region can manage itself
autonomously; secondly , it establishes that reimbursement by the NHS must be guaranteed based on financial
availability and reconciliation. In general, the efficacy tests performed on the drug must be on the adequate
reimbursement managed by the NHS.[120]

The common goal is to manage patient choices in a suitable way incur improper use of medicine.

5) Concluding remarks
In some local and social realities, the profile of a nutraceutical is exactly superimposable to that of a food supplement;
this false myth must be 'dispelled'. Nutraceuticals are considered 'food supplements' or functional foods with a
character pharmacological in such a way as to enhance the beneficial health status; a supplement instead, it does not

have any 'therapeutic' value. On the other hand, it is the nutraceuticals themselves that enjoy advertising that shows
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interest in the remedial class and are also those who need safe and effective clinical trials, just like a drug. Authorities
carefully consider how supplements cannot guarantee benefit that is not previously authorized. A substantial
difference represents by the fact that drugs are tested on the sick while nutraceuticals on a population that is healthy.
Nutraceuticals are prevention adjuvants if associated with a correct lifestyle, adjuvants of treatment if combined with
traditional drugs; the latter toxicity it proves to be superior to the side effects of functional foods. Thanks to the
increased life expectancy, it is counted that there will be more than two billion older people in the year two thousand
and thirty.[121]

To demonstrate the growing diffusion of nutraceutical consumption and the consequent costs derive from use, it
bases on available scientific literature articles. To date, the number of health claims used to communicate the consumer
to them food properties is not so high. For this reason, services have finalized aimed at improving popularization
techniques. The nutraceutical market should determine not only the remodelling of utility indicators but also improve
the quality of life. Furthermore, new delivery methods for these foods could be advantageous functional to make their
assumption more accessible and aware of the citizen. Health claims lay their credibility on the evidence of effectiveness
more than on evidence of clinical evidence; the consumer starts to trust what doctors, pharmacists, and companies
begin to propose. There is a reality in which companies cannot invest in medicines for rare and metabolic diseases, as
there would be no fair economic return; the functional foods certainly cannot be considered substitutes for these
drugs, but they can still overcome minor problems through primary prevention. In the future of the market, ‘the
nutrition it takes care of finds’; in a consumer society committed to achieving the best from a health point of view
and social, necessary are the continuous awareness campaigns for professionals of the sector to increase the integrity
of functional products in development. Companies are 'working hard' in the continuous research and growth of more
and more methods innovative for disease prevention. Prevention is much more eco-friendly than the treatment itself,
more difficultis to change people's lifestyle habits. The studies conducted on substances and foods taken daily provide
useful and evaluative screening for the consumer; it saw as, for example, who hires legumes of various kinds regularly
may have a minor impact on blood pressure diseases. The population is increasingly affected by a specific sensitivity
towards what is good for the body, and to the mind and it is this new perception of things that influences choices of
purchase of the consumer. The citizen finds comfort in 'foods' that produce effects positive in the body; they are
foods that contain substances such as vitamins, minerals, fibres, probiotics and antioxidants that influence the
recommended doses favourably the effect of the drug. It is worth mentioning that nutraceuticals also have a positive
effect agri-food sector because, through the use of cutting-edge methods, they are extracted from milk those which
are purely functional substances.['22

Eugenio Scanziani of the University of Milan recalls that the potential nutraceuticals are not limited only to human
personal and well-being, too in animal nutrition, and nutrition increases their value.['23]

The term of my paper would like to end with an example concerning the apple annurca, a particular type of apple
from Campania deriving from nutraceutical studies. As stated by Ettore Novellino, professor of the University of
Naples Federico II: © To achieve results similar to those of statins, the lowering of the total cholesterol had to be
25% with peaks of 35% on LDL and this would have meant the use of as many as six apples every day, but with
definitely negative implications on the glycemia. To remedy the inconvenience, but still obtain a significant reduction

in cholesterol levels, it was decided to extract the procyanidin Phyto complex of the Apple annurca Campana PGI,
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and use it directly, making a nutraceutical. Her capsules, suitably dosed, each contains an amount of extract equivalent
to the one present in three apples. Therefore, taking one in the morning, and one in the evening would be had to
achieve, the therapeutic effect sought”.l124]

Subsequent studies show how the functionality of this apple contains in the peel and the pulp; the bioavailability of
glucose inhibits by using polyphenolic extracts. In particular, it is the pulp that is particularly effective in reducing the
absorption of cholesterol. Finally, the possibility of how the Annurca apple polyphenols can contribute examined to
recline oxidative stress and cell proliferation. The economic theory of a traditional market indicates that for a price
increase of one common good, it follows a reduction in the demand of the same; otherwise, it is which happens in
the pharmaceutical context in which the price charged to the medicine is not like that simple to decline.[1?3]

The final effects given by the therapy can take relatively long times while the users need to observe the success of the
treatment immediately. As it starts, maximizing health in terms of capital may not guarantee plus an exhaustive
containment of the expenditure unlike a correct communication between health workers who could provide more
awareness among the population. The intake of medicine is, therefore assessed based on the decisions taken and on
the opportunity to be able to choose by the citizen. The marketing world teaches how communication to the doctor
is indispensable to increase the prescriptive appropriateness; the interest that the specialist shows towards
nutraceuticals falls on the reliability of the manufacturer.[120]

The 'share of voice' of a company grows only through the credibility of the product and who it manages to enhance
its qualities; marketing guides the choices of the entire population. Functional foods fully pay by the citizen and may
not be appropriate for frequent use and everyone; it is necessary to estimate a daily cost that remains enough low for
an initial approach to nutraceuticals.[1?]

Information to general practitioners, pharmacists and nutritionists must remain solid to educate citizens; among valid
communication tools are paper and 'social' models. The doctot's job is to have full responsibility for his actions
prescribing using science and consciousness; the specialist must guarantee the prescriptive appropriateness to protect
the health of the System within which works.[128]

A non-excess in the provisions favours a decrease in future waste. The health care worker will have to protect the
patients on the one hand, and the other ensures the containment of expenditure based on the state's financial
resources; avoid excessive drug consumption presupposes a lack of waste of economic goods. Numerous data show
that only the user can change his attitude towards taking medicine. Hope raises in seeing the conscious choices made
by the population to ensure that the current economic imbalance can no longer observe. In a society now aware of

which the citizen can choose, why not make the right choice?
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8) Appendix articles images and figures

» 15T ARTICLE: Adherence to nutraceutical products for the

hypercholesterolemia

FIGURE 1
Formation of atherosclerotic plaque
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TABLE 1
Summary table of adherence monitoring methods #

Methods of assessment Advantages Disadvantages Parameter measured
Direct
= Accurate = Costl
Measurement of drug/ .u ) ) ) ) Y ; i
) - Objective, proving the ingestion of - Invasive Concentration of the drug/metabolite
metabolite levels
the drug « Inter individual differences
Indirect
) - Simple : ! o :
Fill counts No evidence of ingested medication ~ Number of doses missed

= Mostly used in clinical trials

= Easy to use

= [nexpensive

« Non-invasive, patients not aware Evidence of the drug being dispensed - Medication possession ration (MPR)
that they are being monitored but not ingested « Proportion of days covered (POC)

» Especially specific to identify non-
adherent patients

Electronic databases

Self-reported « Overestimate adherence o )
- ) - Easy to use o A value that is interpreted in regards
(questionnaires, visual - Subjective, influenced by recall or
= Inexpensive to a pre-established cut-off point

analogue scales) reporting bias

= Objective - The patient is aware of the
Electronic monitoring - Additignal information on degree of  evaluation - Dverall percentage of doses taken
systems adherence « No actual evidence that the « Dosing regime

- One of the most accurate methods medication is being ingested

FIGURE 2
Data selection and inclusion process
Irufial extracted patients
17.307
Patients exciuded from the
analysis
) 11.731

Only one purchase: 11,695
Negatve regisirations: 30
Cumulative purchases: &

L

Final patients, after the
dafa cleaning
5.576

Not to be reproduced — for personal and internal use only
68



TABLE 2

Subdivision of data into groups corresponding to one month of therapy

Change in adherence to vary in time at the first check-up

FU (Follow-up) Adherence %

Days of coverage (persistence)

Total 36% 63
>60 32% 64
>90 27% 64
>180 21% 64

Not to be reproduced — for personal and internal use only

Consurmed Adherent by this dale Adherent? DAYS adherence DAYS adherence
YES NO
3 30/08/2015 NO - 20
" 2506/2015 NO - 20
14 15/03/2015 NO - 20
=3 25 02052015 YES 67 -
g 3 10/05/2015 NO - 20
= 34 17/06/2015 NO - 20
£ 39 06/05/2015 NO - 20
E 46 31/03/2015 NO - 40
56 14/03/2015 YES 10 -
7 21106/2015 NO - 20
98 300572016 NO - 40
FIGURE 3
Percentage dispersion of adherence in one year
Adherence 365 days
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— 100
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FIGURE 4

The graph shows simultaneously the days of coverage and the values of adherence

64,2

64
63,8
63,6
63,4
63,2

63
62,8
62,6
62,4

Days of coverage

I Adherence % Days of coverage (persistence)

Total >180

36%
32%
2%
>60 =90

40
35
30
25
20
15
10

Percentage values (%)

On the ordinate axis are shown the obtained persistence values [in the graph, on the left) and the average
values of percentage adherence (on the right); on the abscissa axis, the four moments of investigation are
shown. The representation illustrates the tendency of the average percentage adherence value to decrease

as the minimum observational period increases. On the contrary, as can be inferred from the orange line

within the Cartesian plane, the days of coverage undergo a slight increase to sixty days of control and then

remain constant for the remaining periods.

TABLE 4

Change in patients to vary in follow-up
FU (Follow-up) Patients N.
Total 5.576
>60 5216
>90 4756
>180 3
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FIGURE 5
Subdivision into high and low adherence groups

FU-High/Low adherence
W >180 W >00 W >60 W Total

Between
40%-79%

Low adherence

High adherence

0% 10%  20% 0%  40% 50% 60% /0%  80%  90%  100%

TABLE 5
Adherence of occasional adherent excluded patients
Subdivision Adherence % Users N.
Final users 36% 5.576
Excluded <20% 64% 269
28,0% -2 BBO
48%
TABLE 6
Change in adherence over the total period
FU Adherence % Days of coverage (persistence)
Total 34% 64
>80 29% 65
>80 24% 66
=180 1% 66
>724 % 65
TABLE 7
High, low, average adherents over the total period
Subdivision Percentage Patients N.
High adherents (adherence >80%) 21.20% 1.204
Low adherents (adherence <40%) 72,60% 4121
Average adherents (from 40 to 79 %) 6% 300

Not to be reproduced — for personal and internal use only
71



TABEL 8
Adherence without occasional patients

Subdivision Adherence Patients N.
Total consumers 34% 5576
Excluded occasional (<20%) 65% 2474
31% -3.102
44%
TABLE 9
Subdivision of patients into top and bottom adherents in the “National report on the use of drugs”
Age Low adherence (%) High adherence (%)
45-54 40,4 217
5564 41,0 208
65-74 421 197
75-84 423 207
=85 1.1 225
Women 46,2 156
Men 364 26,2
Total 41,6 20,6

Source: National Observatory on the Use of Medicines. The use of medicines in Italy. National Report Year
2018. Rome: Italian Medicines Agency (AIFA- Agenzia [taliang del farmaco), 2019,

TABLE 10

Subdivision of patients into low, high, and average adherents in the project presented

Subdivision Percentage values
High adherent 22%
Low adherent 2%
Average adherent 6%
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» 2ND ARTICLE treferences: Probiotic therapy with vsl#3® in patients with NAFLD: a pilot

study

Table 1: VSLH#3® treatment at baseline and after 3 months

Placebo VSL#3®

Baseline 3 months Baseline 3 months
N 30 30 30 30
sex (M/F) 13/17 13/17 15/15 15/15
Age (years) 56.4+ 7.8 - 55.8+7.1 -
Smoking status (M/F) 4/5 4/5 6/5 6/5
Height (m) 1.68 £ 0.05 - 1.69 + 0.06 -
Weight (Kg) 76.1+8.4 75.8+8.1 76.3+8.6 75.6 +8.0
BMI (Kg/m?) 27.0+35 26.9+3.4 26.7+3.1 26.4+29
Abd. Cir. (cm) 94.8 +£3.2 943+3.1 95.2+34 94.2+3.0
Waist Cir. (cm) 89.2+238 88.5+25 89.6 £ 3.0 88.9+28
Hip Cir. (cm) 100.7 £ 4.2 100.2+ 3.8 101.1+£4.3 100.6 £4.1
FPG (mg/dl) 95.8 +10.7 96.1+10.9 95.7+11.1 92.6 +10.3
TC (mg/dl) 211.5+21.6 208.9 £ 20.2 209.7 £19.3 198.9+18.4
LDL-C (mg/dl) 1354 +13.6 133.6 £13.1 133.2+12.9 125.0 £10.7
HDL-C (mg/dl) 426 £5.2 42.2+5.0 42.8+5.5 43.1+£5.6
Tg (mg/dI) 167.2 £ 28.9 165.5 + 28.6 168.5 + 31.2 153.8 + 25.3*"
Hs-CRP (mg/l) 1.2+06 1.1+£05 14+08 1.2+0.6*
ADN (ug/ml) 7.1+19 70+18 7.2+21 75+24

Data are expressed as mean T standard deviations (SD)

*p< 0.05 vs baseline; “p< 0.05 vs placebo

Abd. Cir.: abdominal circumference; Waist Cir.: waist circumference; Hip Cir.: hip circumference; BMI: body mass
index; FPG: fasting plasma glucose; TC: total cholesterol; LDL-C: low density lipoprotein-cholesterol; HDL-C: high
density lipoprotein-cholesterol; Tg: triglycerides; AST: alanine aminotransferase; Hs-CRP: high-sensitivity C-reactive

protein; ADN: adiponectin.
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Table 2: hepatic values during VSL#3® treatment at baseline and after 3 months

Placebo VSL#3®
Baseline 3 months Baseline 3 months

N 30 30 30 30

AST (1U/) 52.6+9.4 51.9+93 54.6 £10.8 453 £ 8.1*"
ALT (1UN) 58.9+14.2 58.3+14.0 57.1+13.7 50.4 +11.2*
AST/ALT 0.89 + 0.06 0.89 +0.06 0.96 + 0.04 0.90 £ 0.04*"
v-GT (1U/l) 36.7+7.4 35.2+7.1 359+7.2 29.1 +6.3*"
HIS 34.1+49 35.0+5.1 354+£55 34.6 £ 5.0*"

Data are expressed as mean T standard deviations (SD)
*p< 0.05 vs baseline; “p< 0.05 vs placebo
AST: alanine aminotransferase; AST: aspartate aminotransferase; [|-GT: gamma-glutamyltransferase; HIS: hepatic

steatosis index.

Table 3: grade of fatty liver during VSL#3® treatment at baseline and after 3 months

Placebo VSL#3®
Baseline 3 months Baseline 3 months
N 30 30 30 30
Grade 1, n (%) 16 (53.3) 14 (46.7) 19 (63.3) 5 (16.7)°**
Grade 2, n (%) 10 (33.3) 10 (33.3) 8 (26.7) 5 (16.7)*~
Grade 3, n (%) 4 (13.3) 4 (13.3) 3(10.0) 2 (6.7)

Data are expressed as number or percentage

*p< 0.05 vs baseline; °p< 0.01 vs baseline; “p< 0.05 vs placebo; **p< 0.01 vs placebo
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> 3RD ARTICLE references: Dementia cost of illness: a systematic literature review. How

nutraceutical products can help NHS to sustain dementia’s costs

Figure 1: flow diagram of included studies selection process: data identification, screening, eligibility and inclusion

Records identified through Additional records identified through
g database searching other sources (Google Scholar, cross-
= (n =6790) referencing from the article)
L] -
= (n=39)
=
c
3
= 6829 titles identified
Excluded 4396 records
*  Publication prior to 2000
o0 +  Publication not in English
£ ¢ Duplicates
c
o
E Records screened Excluded | 2352 Record
(n =2433) > e Abstract only publications
. Full-text not available
Case reports/little sample
size/Previous reviews
e Not economic studies
E . Studies focused on caregiver
= Full-text articles assessed for e Studies focused on treatments
oo
= eligibilit
w EIDITLY Excluded | 31 Full-text articles
(n=81) —
. Previous reviews
\ e Economic models reporting lifetime
- - - cost
g Final studies included e  Economic studies reporting not
3 (n=50) easily evaluable cost
Tg.:a . Insufficient methods description
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Table 3: (first part) Main cost results from societal perspective included studies

Study Ref. Cost items Currency/ cost Main cost results
Summary per year/month cost per patient in general population or in subgrous (severity stage, living
Yanetal. 27 per patient general popul. mild moderate severe
2019 Total cost us$  year US $19,144 13,597 + 14,275 16,789 + 36,469 26,001 +49792
Comorbidities 1 2 3 4 >5
17,972 + 53837 18,231 420,557 22,690 + 29,668 27,918 + 35,791 38,348 + 48,296
Wittenberg et al. 28 Total cost £ year mild moderate severe
2019 24,400 27,450 46,050
Sado et al. 29 Total cost JPY  year JPY 5,954
2018 healthcare cost 784
social cost 2,643
Informal cost 3,822
Ferrettiet al. 30 per patient general popul. mild moderate severe
2018 Total cost us$  month 1,405.72 1,023.71 1724.01 1,393.79
Direct Costs 61.21 53.14 62.96 7847
Indirect cost 843.63 577.87 1123.68 628.75
Michalowsky et al. 31 per patient general popul. mild moderate/severe
2018 Total cost € year 7016 € (7989) 5485 € (6487) 4487 € (5121)
Payer's perspective Medical treatment 5456 € (6692) 5485 € (6487) 4487 € (5121)
Formal care 1559 € (3696) 1452 € (3582) 2544 € (4817)
Societal perspective Total cost € year 25,877 € (22,056) 25,495 € (20,801) 29,665 € (24,473)
Informal care 18,327 € (18,764) 18,223 € (17,208) 22,213 € (21,865)
Bruno et al. 32 mild moderate moderately severe/severe
2018 Total cost € month 1850 (1901) 1552 (1322) 2728 (2184)
health care cost 210,00 130,00 106,00
social care cost 270,00 199,00 399,00
informal care cost 1.370,00 1.223,00 2.223,00
Olazaran 29 33 per patient general popul. mild moderate ms/severe
2017 Total cost € month €2190 (1996; 2386) 1514 (1187; 1868) 2082 (1801; 2390) 2818 (2489; 3160)
healthcare 289 (237;357) 272 (181; 408) 236 (199; 284) 346 (246;491)
social care 589 (503; 680) 192 (115;276) 608 (458;774) 892 (731; 1055)
caregiver healthcare 95 (62; 156) 68 (49;92) 151 (59; 344) 72(51;98)
caregiver informal care 1312 (1165; 1456) 1050 (778; 1355) 1239 (1018; 1471) 1580 (1354; 1828)
Reed et al. 34 Total cost € 18 month per patient general popul. mild moderate severe
2017 France 33,339 23,883 33,800 41,905
Germany 38,197 26,017 42,430 50,947
UK 37,899 30,161 36,038 50,795
Hojman et al. 35 per patient general popul.
2017 Total cost $ year $17,559
Direct Medical Cost $3,442
Direct Social cost $914,000
Indirect $13,194
Holmerova’ et al. 36 per patient general popul. mild moderate severe
2017 Total cost €  month €1948.38(1506.2) 1241.2 (1437.3) 2104.5 (1213.6) 2512.1(1785.3)
Direct cost 230.1(170.8) 192.2 (140.5) 207.7 (184.1) 272.9 (164.7)
Indirect Cost 1711.8 (13314 951.0 (1332.7) 1872.5 (1141.2) 2155.6 (1827.0)
Farre et al. 37 All population mild moderate severe
2016 Total cost €  month €1956.2 (SD1463.9) €1485.7 €1757.9 €2315.6
€23,121 (per year) Comorbidities 1 2 >2
€1752.3 €2149.2 €22735
Kandiah et al. 38 YOD (54) LoD (133)
2016 Total cost (SGD)  year 20,629 (6,059-37,666) 11,495 (2,607-35,272)
(AD population) Direct medical 2,020 (1,726-2,253) 2,048 (1,496-2,497)
Direct non-medical 67 (23-636) 475 (40-7,040)
Indirect 16,591 (3,827-33,600) 4,378 (0-23,237)
Productivity loss 15,000 (3,600-31,190) 2,280 (0-18,524)
Informal care 0 (0-245) 0(0-318)
Kuetal. 39 mild moderate severe
2016 Total cost NTS  year 218,644 (199,843) 308,947 (210,289 ) 439,972 (250,254)
Medical costs 85,689 (87,485) 81,782 (88,523) 76,047 (75,240)
Social care costs 41,331 (93,568) 117,031 (146,962) 173,079 (148,024)
Informal care costs 91,623 (140,151) 110,134 (131,133) 190,846 (202,290)
(Opportunity cost)
Lenox-Smith et al. 40 mild moderate moderately severe/severe
2016 Total cost £ 18 month 25,865 (23,444-£28,538) 30,905 (28,539-£33,371) 43,560 (39,059-48,481) 17243,33333
Healthcare cost 2890 3130 3055 20603,33333
Social care costs 7172 11351 15521 29040
Informal care costs 15678 17007 24672
Frahm-Falkenbergetal. 41 € year Patient Control Net cost dementia patient
2016 Total cost before diagnosis D 4630 2548 2082
direct 3205 2548
indirect cost 1425
Total cost after diagnosis D 8595 4051 4544
direct 7035 4051
indirect cost 1560
Akerborg et al. 42 Totalcost (per age) € year 79-83 84-87 88+
2016 D patient 56,904 57,362 57,362
No-D patient 13,000 11,000 33,000
Total cost  (per DS) per patient general popul. 1stDS 2nd 3rd 4th
D patient 43,259 (35,030) 9,140 (10,992) 16,979 (23,406) 33,671 (31,868) 72,571 (21,032)
No-D patient 17,18
Wimo et al. 43 Total cost SEK  year  SEK 398,226
2016
Custodio et al. 44 ND AD FTD VD
2015 Total cost $  3month 394 [372-607] 1878 [715-4896] 2252 [1397-4705] 1727 [644-4188]
healthcare costs 393 1167 [703-3487] 1544 [849-3296] 908 [471-3126]
non-healthcare costs 0[0-198] 666 [0-1508] 667 [0-1409] 667 [0-1409]
Chiatti et al. 45 Total cost € year €20,128
2015 health care cost €4,534
patient cost
subtracting €2,004
the allowance
informal care cost €13,590
Darba et al. 46 per patient general popul CDRscore 0.5 CDRscore 1 CDR score 2 CDR score 3
2015 Total cost € 6month 32,177.3(31,836.9) 12,009.5 (15,708.5) 15,738.2 (18,054.9) 34,590.7 (31,695.6) 52,477.4 (34,321.5)

Direct medical costs
Social care costs
Indirect costs
Informal care costs

1,028.1 (1,655.0)
843.8 (2,684.8)
464.2 (1,639.0)

33,232.2 (30,898.9)

770.6 (735.8)
1,282.1(4,061.9)
719.2 (2,801.3)
10,392.3 (16,055.1)

906.3 (1,334.2)
193.2(1,211.9)
219.7 (657.9)
16,560.4 (17,852.9)

903.2 (1,119.9)
1,095.2 (3,192.0)
565.2 (1,823.4)
35,898.5 (30,479.8

1,348.8 (2,381.8)
1,210.5 (2,915.3)
613.0 (1,949.1)
52,9003 (32,045.2)
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Table 3: (second part) Main cost results from societal perspective included studies

Gerves et al. 47 Total cost € month Mild Moderate/severe
2014 good proxy method 1454.20 3373.29
opportunity cost method 18239 4288.32
formal 409.73 62243
formal non-medical 105.37 343.90
informal
good proxy method 939.11 2406.96
opportunity cost method 1308.8 3321.99
Konig et al. a8 community dwelling living nursing home
2014 Total cost € year 29,930 (30,492) 33,482 (10,129)
Medical care 6001 (8735) 9580 (10,369)
Formal Nursing care 7947 (16,650) 21,625 (5568)
Other 179 (1229) 434 (1600)
Informal care 15,803 (23,374) 1843 (3474)
Vossius et al. 29 Baseline 1y 2y 3y total
2014 Total formal care €  month 535(281-799) 1,409 (971-1,874) 2,353 (1,811-2,919) 3,611 (3,022-4,212) 2,420 (1,944-2,923
Increase in costs (%) - 874 (163) 944 (67) 1,258 (53) -
Mean costs for care (%) 10.6 438 742 87.2 741
Schwarzkopf et al. 50 per patient general popul mild ‘moderate
2011 Total annual € year €47571 €39,967 €62,797
health care cost €9,396 €9,183 €10,496
informal care cost €38,165 €30,803 €52,335
Gustavsson et al. 51 Total cost Community dwelling Residential care
2011 mild moderete severe moderete severe
Spain €  month 1002 (840-1211) 1213 (1091-1350) 1531 (1335-1788) 3942 (3774-4136) 3855 (3728-4067)
Sweden 1040 (840-1346) 1307 (1094-1583) 1752 (1371-2352) 3716 (3517-4423) 3678 (3498-4186)
UK 834 (697-985) 1193 (1051-1401) 1452 (1264-1803) 2455 (2214-2898) 2236 (2099-2378)
us 1204 (1020-1609) 1421 (1266-1593) 1837 (1650-2042) 5041 (4656-5826) 5114 (4858-5506)
Leitch et al. 52 mild D (121) moderate D (32) severe D (23) per patient general popul Control
2011 Total cost € year 24437 (23 020) 41125 (28 798) 49 784 (28 028) 30783 (26 531) 8267 (14 377)
Medical care 6171 (9013) 7581 (8679) 10375 (11 185) 6977 (9317) 4828 (7508)
Formal Nursing care 9167 (14 854) 15193 (15 474) 19117 (17 740) 11562 (15 722) 1806 (7269)
Informal care 8886 (15 133) 18 228 (27 873) 19 684 (31 199) 11 996 (20 943) 1625 (5482)
Reese et al. 53 Home living patients Institutionalized patients  Per patient general popul 3,300
2011 Total cost € 3month 1,864 6,389 mcl 1,200
Direct cost 1,137 6,122 mild (MMSE 26-30) 1,485
Indirect cost 727 267 severe (MMSE 0-14) 4,800
Kraft et al. 54 Istitutionalized community-dwelling
2010 moderate to severe mild moderate severe
Total cost CHF year 68.891 26.186 67.743 122.023
Direct Costs 68.891 2653 13.323 13.183
Indirect cost - 23533 54.420 108.840
Ersek et al. 55 per patient general popul. MCl (14) Mild (24) Moderate (22) Severe (14)
2010 Total cost €  month 535.71(735.65) 357.98 (336.30) 355.23 (302.94) 623.60 (997.66) 884.72 (957.71)
Direct costs 282.78 (568.04) 163.70 (260.85) 176.68 (136.28) 420.25 (919.66) 367.72 (518.60)
Indirect costs 49.96 (292.24) 5.42 (15.45) 1.22 (3.44) 46.99 (128.16) 182.71 (653.66)
Informal care 202.97 (286.19) 188.86 (3 00.14) 177.33 (228.80) 156.36 (280.86) 334.29 (355.13)
Coduras et al. 56
2010 Total costs € month €1,425.73 (1415.81)
Paid by patients/their family €1,244.22 (1,335.6)
Financed by public health system €181.51 (268.3)
Mesterton et al. 57 Per patient general pop.(233) mild (91) moderete (91) severe (51)
2010 Total cost US$  year 46956 (42,337-51,929) 23,424 (18,016 -31,190) 56,783 (47,834 -64,683) 71,409 (62,483 ~77,913)
medical costs 3,155 (2,615 -3,759) 3,402 (2,656 —4,503) 2,811(2,110-4,241) 3,328 (2,411-5,063)
community care costs 39,373 (34,358 -44,135) 16,919 (11,526 -24,647) 48,101 (39,339-56,276) 63,864 (53,914 ~71,594)
informal care costs 4,428 (3,284 - 6,700) 3,104 (2,151 -5,329) 5,871 (3,495 - 11,174) 4,18 (2,318 - 6,843)
Zhu et al. 58 AD DLB
2009 Total cost S year 25,129 35,143
Direct medical Cost 8,027 12,081
Direct Non-medical Cost 1,478 947
Indirect cost 17,136 23,036
Wang et al. 59 Per patient/general pop. mild moderate severe
2008 Total costs RMB  year 19,001 £11,037 12,816 44,843 17,507 £10,922 27,480 £10,365
Direct medical costs 5,640 £4,944 5,333 £4,650 5510 £5,311 6,191+4,524
Direct non-medical costs 2,792+2,199 2,829+3,471 2,667 1,750 3,050 1,965
Indirect costs 10,568 +8,209 4,653 +2,672 9,329+7,281 18,238 +7,891
Allegri et al. 60 healthy AD c dwelling AD mild moderate
2007 Total costs $ year 1684.1 8129.7 14863.6 52816 66333
direct costs 1684.1 3189.2 144476 34204 4583.2
indirect costs 49405 4160 1860.2 2050.1
Kang et al. 61 Per patient/general pop. ADLIow ADLmoderate ADLhigh
2007 Total costs s year $7,462 $3,698 $6,064 $11,428
Direct cost $6,626 (88.8%) $3,182 (86.0%) $5,084 (83.8%) $10,458 (91.5%)
Direct medical $4,296 $2,105 $3,259 $6,779
Direct non-medical costs $1,817 $960,000 $1,234 $2,924
Indirect costs $836 (11.2%) $516 (14.0%) $980 (16.2%) $970 (8.5%)
Jonsson et al. 62 Per patient/general pop. very mild mild moderate moderately severe severe
2006 Total cost SEK. year 172121 60 730 93 959 184 081 226 876 374 962
Lopez-Bastida et al. 63 Per patient/general pop. mild moderate severe
2006 Total cost € year 28,198 14,956 25,562 41,669
Direct health care costs 3,668 2,821 3,597 4,161
Direct non-health care 23,902 11,596 21,354 36,753
Indirect 628 539 611 755
Zencir et al. 64 Mild Moderate Severe
2005 Total costs  $ year 1,766 (1,300-2,231) 3,842 (1,960-5,723) 4,930 (3,714-6,147)
Caregiver cost 145 (31-259) 1,468 (10-2,925) 2,480 (1,380-3,580)
Medication cost 1,587 (1,130-2,043) 2,315 (1,290-3,341) 2,373 (1,683-3,062)
Outpatient physician cost 33(6-73) 59 (4-171) 18 (3-32)
Rigaud et al. 64 mild moderate moderate-severe severe
2003 Total costs € month 525.2 992.1 1,652.6 44384
medical consumption 296.4 375.6 4323 5229
paid assistence (formal) 526 1418 280.6 900.5
unpaid assistence (informal) 1762 526 939.7 3015.0
Scuvee-Moreauetal. 66 AD (community-dwelling 218)
2002 per patient/all CD mild moderate/mild moderate severe
Totalcost €  month 245,56 464,31 410,53 381,24 556,88
health care cost (direct) 263,03 288.19 251,23 211,68 288,1
cost per patient/family 182,53 176.12 1593 169,56 268,78
(indirect)
AD (istitutionalized 168)
Totalcost €  month per patient/all | mild moderate/mild moderate severe
health care cost (direct) 2301,72 1555,41 2185,62 2101,32 2465,28
cost per patient/family 1068,55 329,13 853,94 8706 1258,06
(indirect) 123317 1226,28 1331,68 1230,72 1207,22
Wolstenholme etal. 67 £ year mild mild to moderate moderate severe
2002 8312 (SD 5602) 11643 (SD 7808) 15 681 (SD 9509) 22267 (5D 14 507)
Beerietal. 68 AD ¢ dwell AD
2002 Totalcosts  $ year 17,73 16,995
direct costs. 7,03 14,51
indirect costs 10,7 2,485
Tayor et al. 69 Severe ADRD (1074) Moderate ADRD (322) No ADRD (3438)
2001 Totalcost _ $ year 18,016 10,364 6,490
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Table 4: main cost results from healthcare perspective included studies

Study Ref. Cost items Currency/ cost Main results
Summary per year/month Cost per patient in general population
or in subgrous (severity stage, comorbid conditions, living condition)

Deb et al. 70 ADRD Not-ADRD
2017 Total healthcare cost $ year 14,508 (14,368-14,650) $ 10,096 (9,999-10,195)
Caravauetal. 71 D patient Not-D patient
2015 Total direct cost € year 15,287 12,289
Jones et al. 72 DS scale
2015 All population 0-6 7-8 9-10 11-15
Total direct cost £ 3 month 4018 2,161 1615 906,101 9,068
Direct medical 1094 1,050 946 903 1,459
direct nonmedical costs 2924 1,111 669 3,101 7,609
Chan et al. 73 Year 1 year 2 year 3
2009 Total direct cost S year 1418 3793 5005
Zhao et al. 74 AD Control
2008 Total healthcare cost S year 13,936 10,369
Fillit et al. 75 Total direct cost $ year AD Control
2002 Base case 9,737 5,932
Comorbidities 10,731-20,628 6,927-15,376
Earlier-stage AD 7,152 4,961
Comorbidities 8,506-15,308 5,651- 14,147
Martinetal. 76 AD/D Control
2000 Total healthcare cost $ year 15,346 (8,790) 6,049 (8,216)
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Table 5: mean annual total cost results: overall population and subgroups analysis

Overall population

Subgroups analysis

Study Year Ref. Stratification Stratification by Annual cost/patient Annual cost Annual costper Annual costper  Annual cost Annual cost per
by severity living condition per mild moderate severe patient per community istitutionalized

patient patient patient patient

Yanetal. 2019 27 X €17.629 €12.521 €15.460 €23.944

Wittenberg etal. 2019 28 X €36.581 €27.352 €30.771 €51.621

Sado etal. 2018 29 €42.503

Ferretti etal. 2018 30 X €15.580 €11.349 €19.107 €15.449

Michalowsky et al. 2028 31 X €26.524 €26.132 €30.407

Bruno etal. 2028 32 X €25.945 €22.577 €18.941 €33.293

Olazaran etal. 2017 33 b3 €35.863 €18.659 €25.659 €34.729

Reedetal. 2017 34 b3 €26.986 €19.740 €27.753 €35.530

Hojman et al. 2017 35 €17.605

Holmerova’ et al. 2017 36 X €23.970 €15.264 €25.879 €30.898

Farre etal. 2016 37 X €22.891 €17.651 €20.885 €27.511

Kandiah et al. 2016 38 €9.932

Kuetal. 2016 39 X €8.693 €6.491 €9.172 €13.062

Lenox-Smith et al. 2016 40 €26.037 €20.781 €24.831 €34.999

Frahm-Falkenberg et al. 2016 41 €9.214

Akerborg et al. 2016 42 €46.374

Wimo etal. 2016 43 €47.768

Custodio et al. 2015 44 €6.931

Chiatti etal. 2015 45 €20.933

Darbaetal. 2015 46 €66.093

Gervesetal. 2014 47 X €41.008 €24.121 €56.705 €56.705

Konig etal. 2014 48 X €34.607 €33.522 €37.500

Vossius et al. 2014 49 €32.002

Schwarzkopf et al. 2011 50 X €53.280 €44.763 €70.333

Gustavsson et al. 2011 51 b3 b3 €17.652 €14.103 €17.882 €22.437 €55.152 €52.185

Leitch etal. 2011 52 X €34.477 €27.369 €46.060 €55.758

Reese etal. 2011 53 b3 €14.597 €8.321 €28.520

Kraftetal. 2010 54 X X €64.299 €27.598 €71.39% €128.603 €58.283 €72.606

Erseketal. 2010 55 €7.199 €4.771 €8.387 €11.894

Coduras etal. 2010 56 €20.206

Mesterton et al. 2010 57 X €49.062 €24.475 €59.330 €74.612

Zhuetal. 2009 58 €27.656

Wangetal. 2008 59 €2.928 €1.975 €2.698 €4.235

Allegri etal. 2007 60 X €8.237 €6.216 €7.806 €13.231 €9.568 €17.494

Kangetal. 2007 61 €8.212 €4.070 €6.674 €12.577

Jonsson etal. 2006 62 X €20.179 €11.015 €21.581 €43.960

Lopez-Bastida et al. 2006 63 X €36.939 €19.592 €33.486 €54.586

Zenciretal. 2005 64 €3.816 €1.986 €4.322 €5.545

Rigaud et al. 2003 65 €33.068 €9.129 €17.249 €77.168

Scuvee-Moreau et al. 2002 66 X €19.843 €7.011 €36.187

Wolstenholme et al. 2002 67 X €20.738 €11.908 €22.466 €31.901

Beerietal. 2002 68 b3 €21.573 €22.030 €21.116

Tayor etal. 2001 69 €10.956 €7.638 €12.198 €21.203

Table 6: mean annual total direct cost results: overall population

Annual direct

Study Year Ref. .
cost/patient

Deb et al. 2017 70 €14.364
Caravauetal. 2015 71 €16.388
Jones et al. 2015 72 €58.110
Chanetetal. 2009 73 €5.248
Zhao et al. 2008 74 €15.337
Fillit et al. 2002 75 €11.460
Martinetal. 2000 76 €18.571
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