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Preface to “Dietary Intake and Chronic Disease
Prevention”

In this Special Issue, we emphasize the role of lifestyle changes and natural bioactive compounds
in the prevention and clinical managment of non-communicable chronic degenerative diseases (such
as chronic kidney disease, cancer, diabetes mellitus, metabolic syndrome, obesity, neurodegenerative

diseases etc.).
We dedicate this Special Issue to our beloved and esteemed Full Professor Annalisa Romani,

who recently passed away.

Annalisa Noce, Annalisa Romani, and Roberta Bernini
Editors
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Non-communicable diseases (NCDs) are non-infectious chronic pathologies. The
most common are diabetes mellitus, obesity, metabolic syndrome, chronic kidney disease
(CKD), cardiovascular (CV) diseases, cancer, and chronic respiratory diseases. Furthermore,
their prevalence is likely to increase over time due to the aging population, urbanization,
and lifestyle changes [1]. In industrialized and high-income countries, several studies
have highlighted a direct correlation between socio-economic factors and health status; in
particular, NCDs affect mainly the population with the lowest socio-economic level [2-5].

Before the COVID-19 pandemic, NCDs had spread all over the world, becoming
an important public health problem even in developing countries. The “epidemiologic
transition” observed from infectious diseases to NCDs in developing countries is related
to a series of risk factors, mainly associated with economic development, such as the
consumption of foods with high contents of saturated fats, salt, and sugars; low intake
of fruit, vegetables, fiber, and w-3 fatty acids; a sedentary lifestyle; smoking; and the
unmoderated consumption of alcohol [6,7].

NCDs are responsible for high percentages of disability and mortality worldwide [8].

An unhealthy lifestyle, characterized by an unbalanced diet, together with insufficient
sleep, physical inactivity, psychological stress, environmental pollution [9], smoking, or
alcohol abuse contribute to cause metabolic alterations which can lead to the onset of NCDs.

In this context, a correct lifestyle and healthy dietary habits could exert protective
effects, increasing the life expectancy. Then, nutrition plays an important role in NCDs
prevention [10]. In particular, the Mediterranean diet, characterized by a high consumption
of fruit, vegetables, extra virgin olive oil, cereals, legumes, and fish; a moderate intake of
dairy products, eggs, and red wine; and a low intake of animal fats and red meat, represents
a correct approach to prevent NCDs onset [11-16]. Moreover, pasta represents one of the
basic foods of Mediterranean diet and, in this Special Issue, a preliminary study analyzes
the antioxidant compounds present in three types of pasta and their biological activities on
kidney cells, demonstrating that pasta’s natural bioactive compounds play positive role in
the protection of kidney cells from oxidative stress [17].

The beneficial effects are related to the presence of natural bioactive compounds,
including antioxidants [18]. Epidemiological studies have demonstrated that an optimal
daily intake of antioxidants such as polyphenols and vitamins is able to counteract the onset
of NCDs and to slow their progression [18]. Polyphenols are a wide and complex group
of compounds found in plant-derived foods, beverages, and agro-industrial byproducts;
these bioactive molecules have important physiological effects on the prevention of several
chronic diseases. For example, small phenols such as hydroxytyrosol found in extra-virgin
olive oil and olive oil byproducts, catechins such as epigallocatechin found in green tea,
and complex hydrolysable tannins such as punicalagin found in pomegranate peel and
fruit, exhibit strong antioxidant, anti-inflammatory, antidiabetic, anti-obesity, anticancer,
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and antimicrobic activities [19-25]. In this context, an original article of this Special Issue
demonstrated the gender-dependent positive antimicrobial action of Castanea sativa L.
hydrolysable tannins in recurrent urinary infections in CKD patients [26].

The relationship between gut dysbiosis and the onset of NCDs has recently been
highlighted [27,28]. Several studies have shown that polyphenols could influence the com-
position of the gut microbiota by promoting the growth of bacterial classes with positive ef-
fects and by inhibiting bacteria with negative effects on the microbiota composition [29,30].
Moreover, vitamins, and, in particular, vitamin C (ascorbic acid) and E (tocopherols), are
natural compounds that play a pivotal role in preventing the NCDs onset, mainly for their
antioxidant activity. Vitamin C is a water-soluble vitamin, able to protect from the cellular
damage exerted by harmful oxidative compounds [31]. Vitamin E includes a group of
lipid-soluble compounds with the highest antioxidant activity in vivo [32].

This Special Issue has contributed to better evidence of the role of the correct lifestyle
and the natural bioactive compounds in preventing the NCDs onset and their treatment.
In fact, some reviews and original articles have confirmed the cardioprotective role exerted
by different dietary patterns and by natural bioactive compounds [33]. In particular, how a
personalized Mediterranean diet in women can exert a positive action on the cardiovascular
system [34], how w-3 polyunsaturated fatty acids play a cardioprotective role in male
obesity secondary hypogonadism (MOSH) patients [35], and how a caloric restriction diet
can protect against organ damage induced by arterial hypertension, improving endothelial
dysfunction [36]. Another study evaluated the possible relationship between dietary quality
scores and cardiometabolic risk in a group of older Australian adults, demonstrating that a
high intake of vegetables, grains, and non-processed red meat was associated with a better
cardiometabolic risk profile [37]. An original review stressed a relationship between frailty,
sarcopenia, and cardiovascular risk, underlining how the frail phenotype is associated with
a poor outcome after cardiac surgery [38]. Healthy eating habits reduce also the risk of
developing cancer [39-41] and other chronic NCDs (such as CKD and chronic respiratory
diseases) [42—-45], as evidenced by several papers of this Special Issue.

The Guest Editors would like to thank all the authors, reviewers who contributed to the
success of this Special Issue, and the Nutrients team for their precious and constant support.
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Abstract: Urinary tract infections (UTIs) are caused by uropathogenic microorganism colonization.
UTISs often require an antibiotic therapy that can cause the selection of antibiotic-resistant bacterial
strains. A natural bioactive compound may represent a valid therapeutic adjuvant approach, in
combination with drug therapy. In this paper, we present a pilot study, based on the administration
of an oral food supplement (OFS), containing chestnut tannins and anthocyanins, to nephropathic
patients suffering from recurrent UTIs (16 treated patients with 1 cp/day and 10 untreated patients).
We performed laboratory tests and quality of life and body composition assessments, at TO (baseline)
and T1 (after 6 weeks OFS assumption). The analysis of OFS was performed by HPLC-DAD-MS for its
content in polyphenols and by in vitro tests for its antioxidative and anti-free radical activities. In each
capsule, polyphenol content was 6.21 mg (4.57 mg hydrolysable tannins, 0.94 mg anthocyanosides,
0.51 mg proanthocyanidins, 0.18 mg quercetin derivatives). A significant reduction of erythrocyte
sedimentation rate was observed only in male patients. Urinalysis showed a significant reduction of
leukocytes in both genders, whereas urinary bacterial flora at T1 significantly decreased only in male
subjects. Tannins seem to exert an antimicrobial action according to gender, useful to counteract the
recurrence of UTIs.

Keywords: hydrolysable tannins; anthocyanins; urinary tract infections; chronic kidney disease;
quality of life; cranberry; Sweet Chestnut

1. Introduction

Urinary tract infections (UTIs) are a set of different clinical conditions due to the colo-
nization of the urinary tract by uropathogenic microorganisms able to cause inflammatory
and infective processes in the renal parenchyma or in excretory tract, as well. UTIs are the
most frequent nephro-urological pathologies and represent the most common bacterial
infections [1].

UTIs are a widespread global health problem and their prevalence is estimated at
0.7% worldwide [2]. UTIs occur more frequently in female subjects. In fact, a recent study
observed that 40% of women present at least one episode of UTI during their lifetime and
they have 30 times higher risk than men of developing UTIs [3].

The main UTI risk factors are age, female gender [4], sexual activity and the use of
antibiotics [5]. Factors favoring the pathogenic invasion include anatomical abnormalities,
medical devices such as urinary catheter, and favorable conditions related to the host (im-
munosuppression, diabetes mellitus, pregnancy). UTIs also represent a frequent condition
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in kidney transplant patients [6]. Furthermore, the onset of UTIs could have a genetic
basis. Indeed, patients with a positive family history of UTI in first-degree relatives have
an higher risk of developing them compared to the general population [7].

UTI can be caused by the invasion of various microorganisms, both Gram-negative
and Gram-positive, and the most common pathogenic bacterium is Escherichia coli [8]. The
diagnosis of UTI is made by combining symptoms with a positive urine culture [9]. In most
patients, the threshold for bacteriuria is 1000 colony-forming units (CFU)/mL. However,
in 20% of women with classic urinary symptoms, the urine culture can be negative, which
mainly depends on the laboratory cut-off value [10].

Typical symptoms of UTIs can be systemic or local; the first include fever with chills
and flank pain, and the second include dysuria, stranguria, pollakiuria, suprapubic pain
and hematuria [11].

Recurrent UTIs are identified as two or more episodes of uncomplicated UTI of
the lower urinary tract within the past 6 months, or 3 or more episodes over the past 12
months [12]. UTIs are a relatively frequent condition with a high impact on the quality of life
and on healthcare costs, including visits, diagnostic tests and therapeutic prescriptions [13].

Recent studies have shown that recurrent UTIs are able to cause a worsening of the
quality of life [14]. In fact, recurrent UTIs have a negative impact on daily habits, on sexual
activity, on social and personal relationships, on the possibility of freely practicing sports,
and on a decline in work productivity [15].

UTlIs appear to be constantly growing in frequency, and this phenomenon is favored
by the inappropriate use of antibiotics widely employed in both outpatient and hospital
settings. This justifies the attention of research towards studies aimed to identifying new
therapeutic strategies based on natural bioactive compounds, free from side effects such as
nephrotoxicity or hepatotoxicity [16,17], and able to effectively counteract the recurrence
of UTL

Natural bioactive compounds exhibit well-known beneficial properties (such as an-
tioxidants, anti-inflammatory and antimicrobial) which are mainly found in plant-based
foods, such as fruit and vegetables [15,18-20]. Among these, the most studied are polyphe-
nols, a wide group of substances that can be grouped into over 20 classes of organic
compounds [21]. Recent studies suggest that long-term consumption of polyphenols, both
in the form of fresh foods and oral food supplements, may have positive implications for
human health. Specifically, several studies have demonstrated that polyphenols are able
to reduce the incidence of chronic non-communicable diseases, such as cardiovascular
diseases, obesity, diabetes mellitus, neurodegenerative diseases, chronic kidney disease
(CKD) and some types of cancer [22-25].

Tannins belong to the class of secondary polyphenolic metabolites and they are found
in a wide variety of foods, including cereals (such as sorghum, millet and barley) and
legumes, but also in wine, green tea and coffee [26]. Thanks to their antioxidant and an-
timicrobial properties, tannins can be suitable for several innovative uses in various sectors,
such as foods, cosmetics, phytotherapics, nutraceuticals and agronomics products [27].

Of clinical relevance are Chestnut tannins. In fact, several studies suggest that Chest-
nut tannins seem to have an important effect on human health, as they have known
antioxidant, antitumor, antimicrobial, antifungal effects [28-30]. Tannins can also be in-
volved in the reduction of triglycerides and total cholesterol levels and in the suppression
of lipogenesis by insulin. Moreover, they present important astringent actions in the
gastrointestinal tract [31]. In the literature, several studies are available concerning the
antimicrobial activity of anthocyanins, proanthocyanidins and hydrolysable tannins from
Cranberry and Sweet Chestnut. These studies report in vitro and in vivo actions towards
bacteria and fungi such as Escherichia coli, Klebsiella pneumoniae, Enterococcus faecalis, Pseu-
domonas aeruginosa, Candida spp., which are among the main microorganisms responsible
for UTIs. Moreover, both our and other research groups have previously tested these
compounds in vitro as natural extracts, demonstrating that they can exert synergistic ac-
tivities in combination with the traditional antibiotics or antifungals, or if administered
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as phytocomplexes [32-39]. For this reason, in the present study, an oral food supplement
(OFS) containing extracts from Cranberry and Sweet Chestnut, was formulated and it was
tested in vivo on patients with recurrent UTIs. The aim of our pilot study was to evaluate
the anti-inflammatory, antimicrobial and antioxidant efficacy of hydrolysable Chestnut
tannins and anthocyanins, administered as OFS, in a population of CKD patients affected
by recurrent UTIs.

2. Materials and Methods
2.1. Oral Food Supplement

The studied OFS is referred to by the trade name “prosta-tan” and it is based on
natural extracts rich in hydrolysable tannins obtained from Sweet Chestnut, furnished
by Gruppo Mauro Saviola s.r.l. (Radicofani, Siena, Italy), Saviola Holding S.rl. (Viadana,
Mantova, Italy). Specifically, the OFS pharmaceutical form is a capsule containing a mixture
of dry extracts from: Castanea sativa Mill. (22% p/p); Serenoa repens (W. Bartram) Small
(20% p/p); Vaccinium macrocarpon, Ait. (11% p/p).

2.2. Chemicals

HPLC-grade solvents, formic acid (ACS reagent) and EGCG are from Sigma Aldrich
Chemical Company Inc. (Milwaukee, WI, USA). Gallic acid and ellagic acid, cyanidin-3-O-
glucoside chloride, quercetin and (+)-catechin hydrate, analytical grade, are from Sigma-
Aldrich (St. Louis, MO, USA). HPLC-grade water was prepared via double-distillation
and purification with a Labconco Water Pro PS polishing station (Labconco Corporation,
Kansas City, MO, USA).

2.3. Extraction

Two extraction procedures at different pHs were optimized for anthocyanosidic and
non-anthocyanosidic polyphenols. The powder present in one capsule was precisely
weighed (416 & 4 mg) and extracted in 4.0 m of a solution 70:30 EtOH:H,O acidified by
HCOOH (pH 3.2 for non-anthocyanosidic polyphenols, pH 1.8 for anthocyanosides). The
mixtures were kept under stirring at room temperature, protected from light, for 1h, then
centrifuged at 5000 rpm for 5 min to separate the solid matrices from the extracts.

2.4. HPLC-DAD-MS Analysis

The analysis was performed on the extracts without dilution. The extracts were
analyzed with a HP-1260 liquid chromatograph equipped with a DAD detector and a
HP MSD API-electrospray (Agilent Technologies, Santa Clara, CA, USA) in negative and
positive ionization mode. The chromatographic separation was performed by using a
column Luna, C18 250 x 4.60 mm, 5 pm (Phenomenex, Torrance, CA, USA), operating
at 26 °C. The eluents were H,O (pH 3.2 by HCOOH) and CH3CN. A four-step linear
solvent gradient from 100% H,O up to 100% CHzCN was applied with a flow rate of
0.8 mL/min over a 55 min period, as previously described [40,41]. Mass spectrometer
operating conditions were: gas temperature 350 °C, flow rate of 10.0 L/min, nebulizer
pressure 30 psi, quadrupole temperature 30 °C and capillary voltage 3500 V. Fragmentor
120 eV. The identification was performed according to chromatographic, spectrometric and
spectrophotometric data, by comparison with the specific standards available. Five-point
calibration curves (12 > 0.999) were used, built with the specific standards. The correction
of molecular weights was performed by multiplying each calibration result by the ratio
between the molecular weight of the quantified compound and the molecular weight of the
standard. Gallic acid and its derivatives were calibrated at 280 nm with gallic acid; ellagic
acid and its derivatives were calibrated at 254 nm with ellagic acid; proanthocyanidins
were calibrated at 280 nm with (&£)-catechin hydrate, anthocyanosides were calibrated
at 520 nm with cyanidin 3-O-glucoside; quercetin and its derivatives were calibrated at
350 nm with quercetin.
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2.5. In Vitro Assays

Folin-Ciocalteu in vitro antioxidant capacity: Total phenols and polyphenols content
was evaluated by spectrophotometric Folin-Ciocalteu assay, by measuring the absorbance
at 725 nm of a sample solution containing Folin-Ciocalteu reagent, and 20% NayCOj after 40
min incubation. The five-point calibration curve was performed in gallic acid. The phenols
content of each sample is reported as GAEs and correlated with the in vitro antioxidant
activity [42,43].

In vitro assay with stable radical DPPHe (1,1-diphenyl-2-picrylhydrazyl): The anti-
radical activity was evaluated by stable radical DPPHae test, according to the previously
reported procedure [44] with slight modifications. The extract was diluted and added 1:1
to an ethanolic solution of DPPHe (0.025 mg/mL).

The absorbance was measured at 517 nm with a DAD 8453 spectrophotometer (Agilent
Technologies) at time 0 and every 2 min for 20 min. Antiradical activity % (AR%) was
obtained through the relationship: [AR% =100 x (A0 — A20)/A0]. A0 and A20 were the
absorbance of DPPHe at 0 min and 20 min, respectively, after the addition of the diluted
extract. The EC5p was the molar concentration in polyphenols of the solution that inhibits
the DPPHe activity by 50%, determined by measuring the AR% for five different dilutions
of the sample.

2.6. Patients

Twenty-six nephropathic patients affected by recurrent UTIs were recruited for the
in vivo pilot study. Of these, sixteen patients (eight males and eight females) were treated
with the OFS supplementation, as described below, and ten (five males and five females)
represented the untreated subjects (control group). Each group were divided into two
subgroups according to gender, homogeneous for age, body mass index (BMI) and CKD
stage [45].

The inclusion criteria were age over 18 years, both sexes, signature and acceptance of
informed consent, history of recurrent UTIs. The exclusion criteria were neoplastic subjects,
patients with HIV positive infection, patients with liver disease and chronic viral hepatitis,
patients with inflammatory and/or infectious pathologies in the acute phase, malnutrition
(BMI < 18.5 kg/m?); pregnancy and end stage renal disease.

At the time of enrollment, the selected patients with recurrent UTI history allhad a
negative urine culture but increased microbial flora and leukocytes in the urine sediment
examination, in the absence of urinary symptoms.

The patients of the OFS group were instructed to consume 1 capsule per day of OFS
based on Chestnut tannins for six weeks. Blood and urinary parameters and the body
composition assessments were monitored at two times during the study, at TO (baseline)
and at T1 (after six weeks), in both groups. Figure 1 shows the in vivo study flow-chart.

The study protocol complied with the declaration of Helsinki and was approved
by the Ethical Committee of University Hospital Policlinico Tor Vergata (PTV) of Rome
(project identification code 78/18 on 13 June 2018).

2.7. Laboratory Parameters

At baseline and after six weeks, we assessed the renal function through the evaluation
of creatinine and estimated glomerular filtration rate (e-GFR). At the same time-points
we evaluated the inflammatory status with C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR). All patients underwent urinalysis to check UTIs signs. Furthermore,
Free Oxygen Radical Test (FORT) and Free Oxygen Radical Defense (FORD) test were
performed by CR4000, on capillary blood samples, to evaluate the oxidative stress [46] and
the total antioxidant defense capacity [47], respectively.

A Dimension Vista 1500 (Siemens Healthcare Diagnostics, Milano, Italy) instrument was
used to monitor all parameters. Standard enzymatic colorimetric techniques (Roche Modular
P800, Roche Diagnostics, Indianapolis, IN, USA) were used to assess the lipid profile.
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ENROLLMENT
OFS group Match: Control group
8 male patients ]’;\g/ﬁ 5 male patients
3 dropouts «— 8 female patients CKD stage 5 female patients

@ (Baseline): @ (After 6 weeks):
- Clinical history - Clinical history
- Renal function parameters (creatinine, e-GFR) - Renal function parameters (creatinine, e-GFR)
- Inflammatory status (ESR, CRP) - - Inflammatory status (ESR, CRP)
- Urinalysis - Urinalysis
- Oxidative stress assessment (FORD, FORT) - Oxidative stress assessment (FORD, FORT)
- Anthropometric parameters (height, weight, BMI) - Anthropometric parameters (height, weight, BMI)
- Body composition (BIA) - Body composition (BIA)
- Questionnaires: PREDIMED, IPAQ, SCL-90R - Questionnaires: PREDIMED, IPAQ, SCL-90R

Figure 1. Flow-chart of in vivo pilot study. Abbreviations: BIA, bioelectrical impedance analysis; BMI, Body mass index;
CKD, Chronic kidney disease; CRP, C reactive protein; e-GFR, Estimated-glomerula filtration rate; ESR, Erythrocyte

sedimentation rate; FORD,

activity questionnaire; OFS,

checklist-90 revised.

Free oxygen radical defense; FORT, Free oxygen radical test; IPAQ, International physical
Oral food supplement; PREDIMED, Prevencién con Dieta Mediterranea; SCL-90R; Symptoms

All other parameters were analyzed according to standard procedures of Clinical
Biochemical Laboratories of University Hospital PTV of Rome.

2.8. Anthropometic and Body Composition Parameters

At the two time-points of the study (T0 and T1), an assessment of anthropometric pa-
rameters, such as height, weight and BMI, was performed. Body weight (kg) was measured
to the nearest 0.01 kg with a balance scale (Seca 711, Hamburg, Germany), height (m) was
measured with stadiometer to the nearest 0.1 cm (Seca 220, Hamburg, Germany). Standard
methods were used to collect the anthropometric parameters [48]. BMI was calculated as
body weight divided by height squared (kg/m?). Moreover, all enrolled patients under-
went the evaluations of body composition by bioelectrical impedance analysis (BIA) using
a BIA 101S instruments, Akern/RIL System-Florence. Resistance, reactance, impedance
and phase angle at 50 KHz frequency were measured at T0O and T1. For the monitoring
of hydration status, we evaluated total body water (TBW), intracellular water ICW) and
extracellular water (ECW) [49].

2.9. Questionnaires

To assess the possible biases induced by lifestyle changes, at baseline and at T1, we
administered two questionnaires, the Prevencion con Dieta Mediterranea (PREDIMED)
questionnaire for the evaluation of adherence to the Mediterranean diet [50] and the
International Physical Activity Questionnaire (IPAQ) for the evaluation of weekly physical
activity [51], to all enrolled patients.

In addition, we administered a questionnaire for the evaluation of quality of life: the
Symptoms Checklist-90 Revised (SCL-90R) [52]. SCL-90R assesses the presence and severity
of psychological distress symptoms. Specifically, the questionnaire consists of 90 items
and allows to detect nine different symptoms spheres: somatization, obsessive-compulsive
disorder, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid
ideation and psychoticism [53]. The analyzed spheres of this study were somatization,
anxiety and depression.

2.10. Statistical Analysis

All parametric variables are reported as means + standard deviation, while non-
parametric variables are reported as median (range minimum-maximum). We checked
the normality of data for all continuous variables using the Kolmogorov-Smirnov test.
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The significance between T0 and T1 of parametric variables was tested with paired ¢-test,
while the Wilcoxon test was used for the non-parametric variables. A p-value < 0.05 was
considered statistically significant. The homogeneity of the subgroups was assessed using
univariate ANOVA with a covariate for continuous parametric variables. Moreover, the
short PREDIMED, IPAQ and SCL-90 data matrices were analyzed according to McNemar’s
test [54]. Statistical analysis was performed with the Statistical Package for the Social
Sciences Windows, version 15.0 (SPSS, Chicago, IL, USA). The graphic result visualization
was obtained using GraphPad Prism (La Jolla, CA, USA).

3. Results
3.1. Supplement Characterization and In Vitro Study

The 1 h extraction procedure (see Section 2) was optimized and validated by com-
paring the quali-quantitative compositions of extracts prepared in the same conditions,
but kept under stirring for 24 h, both for anthocyanosides and for the other polyphenols.
Specifically, the OFS powder was extracted at pH 1.9 and pH 3.2 for 1 h and for 24 h.
The HPLC-DAD-MS analyses (not reported here) showed a similar composition for the
extracts at pH 3.2, whereas anthocyanosidic compounds extracted at pH 1.9 underwent a
partial degradation with the longer time of extraction. Figure 2 A, B shows the chromato-
graphic profiles of the two OFS extracts. The first one, acquired at 520 nm, is the profile of
anthocyanosidic compounds extracted at pH 1.9, where six compounds were detected, iden-
tified and quantified (Table 1), the most abundant of which was cyanidin 3-O-arabinoside
(0.435 £ 0.005 mg/g powder). Cyanidin was also found as its 3-O-galactoside and 3-O-
glucoside (compounds 1-3 in Figure 2). Additionally, peonidin 3-O-galactoside, peonidin
3-O-glucoside and peonidin 3-O-arabinoside were present (compounds 4-6); peonidin
3-O-galactoside in the same amount as cyanidin 3-O-arabinoside. Total anthocyanosides
were 1.89 £ 0.03 mg/g powder. These results are consistent with those previously reported
in the literature for cranberry [55,56].

Table 1. Polyphenol content in the tested OFS. Results in mg/g powder, with absolute errors.

Polyphenols mg/g
Cyanidin 3-O-galactoside 0.347 4+ 0.004
Cyanidin 3-O-glucoside 0.205 £ 0.003
Cyanidin 3-O-arabinoside 0.435 £ 0.005
Peonidin 3-O-galactoside 0.435 4+ 0.006
Peonidin 3-O-glucoside 0.066 + 0.002
Peonidin 3-O-arabinoside 0.397 + 0.005
Vescalin 0.51 £ 0.01
Castalin 0.340 4 0.009
Pedunculagin I 0.705 + 0.008
Monogalloyl glucose I 0.198 4+ 0.005
Gallic acid 1.34 +0.03
Monogalloyl glucose II 0.65 £ 0.02
Vescalagin 1.57 £ 0.02
Castalagin 1.15+0.03
Gallic acid derivatives 2.68 4+ 0.04
Proanthocyanidins 1.04 + 0.03
Quercetin derivatives 0.364 4+ 0.008
Total polyphenols 124+ 0.2

The second chromatographic profile, acquired at 280 nm, shows the presence of a
large variety of non-anthocyanosidic polyphenols and two peaks of proanthocyanosidic
compounds (“P” peaks). Total polyphenols extracted at pH 3.2 are 10.5 + 0.2 mg/g
powder: 9.1 £ 0.2 mg/g hydrolyzable tannins, 1.04 + 0.03 mg/g proanthocyandins,
0.364 £ 0.008 mg/g quercetin derivatives. Gallic acid is the most represented polyphenol
according to the number of moles, but the high molecular weights of the main hydrolysable
tannins of Sweet Chestnut, vescalagin and castalagin, make them very abundant in weight,
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with vescalagin being the highest one (1.57 £ 0.02 mg/g powder) [40,41]. Quercetin
derivatives were present in relatively low amounts, and come from the leaf component
in Sweet Chestnut extract. The other hydrolysable tannins, complex gallic and ellagic
acid esthers with glucose molecules, are typical compounds of Sweet Chestnut wood
extracts, once generally indicated as “tannic acid”. Proanthocyanidins are typical of
cranberry extracts, whereas fatty acids from Serenoa repens, its bioactive compounds,
were not detectable and in any case cannot be efficiently extracted using the described
procedures. Therefore, in one capsule containing 500 mg of powder, the total polyphenol
content is 6.21 mg (4.57 mg hydrolysable tannins, 0.94 mg anthocyanosides, 0.51 mg
proanthocyanidins, 0.18 mg quercetin derivatives, taking into account the absolute errors
reported above).
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Figure 2. Chromatographic profiles of the OFS extracts (see Section 2). (A) pH 1.9, acquired at 520 nm: Anthocyanosidic
compounds. 1. Cyanidin 3-O-galactoside; 2. Cyanidin 3-O-glucoside; 3. Cyanidin 3-O-arabinoside; 4. Peonidin 3-O-
galactoside; 5. Peonidin 3-O-glucoside; 6. Peonidin 3-O-arabinoside. (B) pH 3.2, acquired at 280nm. Non-anthocyanosidic
polyphenols. 7. Vescalin; 8. Castalin; 9. Pedunculagin I; 10. Monogalloyl glucose I; 11. Gallic acid; 12. Monogalloyl
glucose II; 13. Vescalagin; 14. Castalagin; G. Gallic acid derivatives; P. Proanthocyanidins; Q. Quercetin derivatives.

Total antioxidant capacity and total polyphenols were evaluated by spectrophoto-
metric assay with the Folin-Ciocalteu reagent, which allows for the determination of total
phenols and polyphenols content through an electron-transfer (by H* transfer) reaction be-
tween the sample under examination, in particular compounds with phenolic groups, and
the Folin-Ciocalteu reagent. The results are calculated by using external calibration curves,
usually in gallic acid, and expressed as mg/g GAE (Gallic Acid Equivalents). Thus, this
test evaluates the total phenol compounds by determining the total antioxidant capacity in

11
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solution. The in vitro antioxidant activity showed a correlation between total phenols and
minor polar compounds, as confirmed by previous studies carried out by comparing differ-
ent electron transfer reaction assays (e.g., ferric reducing ability of plasma-FRAD, trolox
equivalent antioxidant capacity-TEAC and oxygen radical absorbance capacity-ORAC)
and in vitro assays on human low-density lipoproteins (LDL) [43,57]. The total phenol and
polyphenol content in the examined OFS was 69.186 mg/g GAE.

The assay with DPPHe stable radical gave a measure of the antiradical activity of
a sample, expressed as its EC5p (amount of sample inhibiting DPPHe activity to 50%).
The ECsg of the OFS was calculated by measuring the antiradical activity of five different
dilutions of the extract according to the procedure described in the “Materials and Meth-
ods” section, and calculating the molar concentration in polyphenols of the solution that
inhibits the DPPHe activity by 50%. The measured ECsy was 0.251 + 0.009 mg of OFS

(3 ug polyphenols).

3.2. In Vivo Study

In the present pilot study, 16 patients with recurrent UTIs, 8 males (mean age 70 & 2.5 years)
and 8 females (mean age 61 + 1.4 years), were enrolled as the OFS group, and 10 pa-
tients with recurrent UTIs, 5 males (mean age 69 + 1.8 years) and 5 females (mean age
65 £ 2.0 years), were enrolled as the control group (untreated). The epidemiological pa-
rameters of the study populations and the evaluation of homogeneity based on gender in
the two groups (OFS and control groups) are shown in Table 2.

Table 2. Epidemiological findings of study populations (OFS and control groups) and evaluation of the homogeneity

divided according to gender.

OFS Patients Control Group
Males Females p (ANOVA Test) Males Females p (ANOVA Test)
N 8 8 5 5
Age (years) 70+£252 61+14°% ns 69 +1.8¢2 65+202 ns
Weight (kg) 742+ 462 739 £35% ns 731+£39% 735+342 ns
BMI (kg/m?) 26.6 £1.82 260£1.72 ns 261 £19°2 258 +£1.8? ns

2 Data expressed as mean + standard deviation; Abbreviations: ns = not significant. OFS = Oral food supplement.

Only five of the eight female treated patients completed the study protocol; three
dropouts were recorded in female sex treated patients who complained of side effects in
the gastrointestinal tract, such as epigastralgia, nausea and heartburn.

The laboratory parameters (T0 vs. T1) of the OFS group (males and females) are
reported in Table 3. Assessment of renal function, monitored by creatinine and e-GRF,
did not show statistically significant changes in either OFS subgroup. The evaluation of
the inflammation indices showed a statistically significant reduction of ESR in male OFS
patients (16.7 £ 2.2 mm/h vs. 11.3 £ 1.5 mm/h, p = 0.0062), while the reduction was not
statistically significant in female OFS patients. In both genders, no significant reduction in
CRP was observed.

Moreover, the urinalysis showed a reduction of leukocytes in the urinary sediment
in both OFS subgroups (male: 43.5 (1-450) n/uL vs. 15 & 5.7 n/uL, p = 0.0391; female:
28.5 (1-990) n/uL vs. 7 (1-91) n/uL, p = 0.0625). As regards the reduction of the uri-
nary bacterial flora, a significant reduction was observed only in the male OFS subgroup
(428 £ 143.4 n/uL vs. 34 (0-450) n/uL, p = 0.0156).

The laboratory parameters (TO vs. T1) of the control group (males and females) are
reported in Table 4. No statistically significant differences were shown between T1 and TO.

During the study period (6 weeks), we did not observe any UTI relapse in OFS
population, while we detected three UTI relapses in the control group (two cases of
Escherichia.coli and one case of Enterococcus faecalis).
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Table 3. Laboratory parameters of two subgroups of OFS patients.

Male Patients Female Patients
TO T1 TOvs. T1 TO T1 TOvs. T1
Creatinine (mg/dL) 157 £0.82 1.514+092 nsP 1.1+022 08+0.1° ns?
e-GFR (mL/min/1.73 m?) 43.0+252 46.55 (36 — 49) © ns 4 64.5+10.0% 80.0 +£12.02 ns?
CRP (mg/L) 1.0(05—-75)°¢ 0.9(0.5-34)¢ ns 4 1.1 (0.3-10.1) © 1.5(1.1-84) ¢ ns ¢
ESR (mm/h) 16.7 £2.22 1134152 0.0062 P 27 £7.742 282 +£53%2 nsb
Urine pH 6 (5.5-7.5) ¢ 6.5 (5.5-7.5) ¢ ns ¢ 63+1.02 56+04°2 ns?
Urinary erythrocytes (n/ul) 10 (0-25) © 7 (4-24)¢ ns 4 45 (1-49) ¢ 1(1-7)¢ ns 9
Urinary leukocytes (n/ulL) 43.5 (1-450) © 15+5.7¢2 0.03914 28.5 (1-990) © 7 (1-91) € 0.0625 4
Urinary bacterial flora (n/uL) 428 + 14342 34 (0-450) © 0.0156 4 553 (36-22,807) © 559 (16-61,990) © nsd

2 Data expressed as mean + standard deviation; ® Applied test: t-test for paired data. © Data expressed as a median and the minimum-
maximum range is shown in brackets; d Applied test: Wilcoxon test; Values of p < 0.05 are considered statistically significant. Abbreviations:
e-GFR, estimated glomerular filtration rate; TC, total-cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PTH, parathyroid hormone; ns, not significant.

Table 4. Laboratory parameters of control group divided in two subgroups according to gender.

Male Patients Female Patients

TO T1 TO vs. T1 TO T1 TO vs. T1
Creatinine (mg/dL) 1.60 £0.72 1.59 £0.82 ns? 1.24+012 1.14+022 ns?
e-GFR (mL/min/1.73 m?) 434+272 43.6 £28¢° ns? 474+952 526+11.22 ns?
CRP (mg/L) 1.1 (0.6-6.8) © 1.0(0.4-32) ¢ ns 4 1.2 (0.3-10.5) © 1.3 (1.0-7.6) ¢ ns 4
ESR (mm/h) 114+192 11.0+1.62 ns? 157+£51%2 140+522 ns?
Urine pH 62+1.1°2 65+1.22 ns? 62+1.02 59+06° ns?
Urinary erythrocytes (n/uL) 9 (4-25) ¢ 7(5-21)¢ ns ¢ 5(1-30) © 2(1-9)¢ nsd
Urinary leukocytes (n/uL) 33.5(1-45) ¢ 36.0+£562 ns ¢ 20.5 (1-70) © 22.9 (1-50) © ns 9
Urinary bacterial flora (n/uL) 428 + 143472 430 + 1404 ° nsP 543 (46-21,700) © 552 (20-22,980) © ns ¢

2 Data expressed as mean + standard deviation; ® Applied test: t-test for paired data. ¢ Data expressed as a median and the minimum-
maximum range is shown in brackets; ¢ Applied test: Wilcoxon test; Values of p < 0.05 are considered statistically significant. Abbreviations:
e-GFR, estimated glomerular filtration rate; TC, total-cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PTH, parathyroid hormone; ns, not significant.

The anthropometric parameters and the body composition assessment of OFS group
were reported in Table 5, while those of control group were reported in Table 6. After
six weeks of OFS treatment, no statistically significant differences were highlighted in
either group.

Table 5. Body composition assessment of two subgroups of OFS patients.

Male Patients Female Patients
TO T1 TO vs. T1 TO T1 TO vs. T1

Weight (kg) 742 + 462 748 £4.6° ns? 739+35% 73.0+392 ns?

BMI (kg/m?) 26.6 +£1.852 288 +1.82 ns? 260+ 1.72 260+ 172 ns?

Resistance (ohm) 493.7 £21.3% 480 +£12.72 ns? 566.7 +28.6 2 531.0 +21.82 ns?

Reactance (ohm) 46.7 £282 440+052 ns? 420+242 508 £2.0¢° ns?

Phase angle (°) 544032 53+022 ns? 43+03° 48+0.22 ns?
Hydration status:

TBW (%) 562+19¢2 568 +1.62 ns? 50.8 £1,12 487 £2.0°? ns?

ICW (%) 51.2+18%? 50.7 £1.32 ns? 45.3 (29.9-51.6) © 477 +13? ns 4

ECW (%) 488 +1.8? 493+1.12 ns? 54.7 (48.4-55.7) ¢ 523+13°% ns 4

2 Data expressed as mean =+ standard deviation; ® Applied test: t-test for paired data; © Data expressed as a median and the minimum-
maximum range is shown in brackets; ¢ Applied test: Wilcoxon test; Values of p < 0.05 are considered statistically significant. Abbreviations:
BMI, body mass index; TBW, total body water; ICW, intra cell water; ECW, extra cell water.

At the end of the study, we observed a statistically significant decrease in oxidative
stress monitored by FORT (261.4 £ 26.3 vs. 160 (160-250), p = 0.00391), and an increase in
antioxidant defenses monitored by FORD (0.88 & 0.1 vs. 1.43 £ 0.03, p = 0.0030) in male
OFS patients, as reported in Table 7. We also observed a statistically significant increase in
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FORT (268 £ 46.2 vs. 312 £ 46.1, p = 0.0172) in female OFS patients. Oxidative parameters
did not show statistically significant differences in the control group (Table 8).

Table 6. Body composition assessment of control group divided into two subgroups according to gender.

Male Patients Female Patients
TO T1 TO vs. T1 TO T1 TO vs. T1

Weight (kg) 731+392 732 +432 ns? 735+34°2 734+3.02 ns?

BMI (kg/m?) 261+19°2 268 £1.72 ns? 258 +1.82 256+1.72 ns?

Resistance (ohm) 489.7 £13.32 490 +11.62 ns? 570.7 £ 2752 531.0 +21.82 ns?

Reactance (ohm) 459 +26° 4534+1.72 ns? 431+252 454 +£34°2 ns?

Phase angle (°) 55+022 544022 ns? 44+04° 454032 ns?
Hydration status:

TBW (%) 562+192 568 +£1.62 ns? 50.8 £1,12 487 +20¢° ns?

ICW (%) 506 £1.8¢2 508 £1.72 ns? 472 +£15¢4 481+14° ns?®

ECW (%) 4944+19° 492 +132 ns? 528 +£1.52 519+13? ns?

2 Data expressed as mean + standard deviation; ® Applied test: t-test for paired data; Values of p < 0.05 are considered statistically
significant. Abbreviations: BMI, body mass index; TBW, total body water; ICW, intra cell water; ECW, extra cell water.

Table 7. Oxidative stress and antioxidant defense mechanism efficiency assessment of the OFS group.

Male Patients Female Patients
To T1 TOvs. T1 To T1 TOvs. T1
FORT (U) 2614+ 2637 160 (160-250) ¢ P =0:00391 268 + 46,22 31244617 p=00172"
FORD (mmol,/L Trolox) 0.88 +0.1° 1434£003°  p=00030° 1294022 137 +0.1° ns®

2 Data expressed as mean =+ standard deviation; b Applied test: t-test for paired data; © Data expressed as a median and the minimum-
maximum range is shown in brackets; ¢ Applied test: Wilcoxon test; Values of p < 0.05 are considered statistically significant. Abbreviations:
FORT, Free Oxygen Radical Test; FORD, Free Oxygen Radical Defense; ns, not significant.

Table 8. Oxidative stress and antioxidant defense mechanism efficiency assessment of the control group.

Male Patients Female Patients
TO T1 TOvs. T1 TO T1 TOvs. T1
FORT (U) 2715+£274°% 269.2 £30.3° ns? 259.1 £51.3% 260.4 £40.6° ns?
FORD (mmol/L Trolox) 071+0.32 1.10£052 ns? 1.34£012 1.45+072 ns?

2 Data expressed as mean + standard deviation; ® Applied test: t-test for paired data; Values of p < 0.05 are considered statistically
significant. Abbreviations: FORT, Free Oxygen Radical Test; FORD, Free Oxygen Radical Defense; ns, not significant.

We did not reveal any statistically significant differences in the patients’ lifestyle,
monitored by PREDIMED questionnaire and IPAQ, as shown in Table 9.

Table 9. PREDIMED and IPAQ questionnaires of study population.

PREDIMED

TO T1 p (McNemar’s Test)
Minimal adherence (%) 0 0 ns
Average adherence (%) 52.2 56.5 ns
Maximal adherence (%) 47.8 43.5 ns

IPAQ

TO T1 p (McNemar’s Test)
Inactive (%) 65.2 60.8 ns
Sufficiently active (%) 34.8 39.2 ns
Very active (%) 0 0 ns

Abbreviation: ns, not significant.

After six weeks, the psychological aspect was also assessed through the administration
of the SCL-90R questionnaire. A statistically significant reduction in anxiety and depression
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spheres (and to a lesser extent in somatization) was observed in the male OFS subgroup. In
female OGS subjects, this result was less evident. The results of SCL-90R of the OFS group
are shown in Figure 3A-C, while the results of SCL-90R of the untreated group are shown
in Figure 4A—C. The untreated group showed a slight worsening of the depressive and
anxiety spheres, probably due to the chronic course of the disease.
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Figure 3. Results of anxiety (A), depression (B) and somatization (C) spheres of SCL-90 questionnaires
of OFS group. Legend: blue lines for male patients; pink lines for female patients.
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Figure 4. Results of anxiety (A), depression (B) and somatization (C) spheres of SCL-90 questionnaires
of untreated group. Legend: blue lines for male patients; pink lines for female patients.

4. Discussion

The hydrolysable tannins from Sweet Chestnut, in combination with the anthocyano-
sides and proanthocyanidins from Cranberry, seem to exert an antimicrobial action in a
gender-dependent manner, useful for countering recurrent UTIs.

The monomers and aromatic acids derived from proanthocyanidins (the main phenolic
metabolites of tannins) are found in the urine. Their absorption occurs at the gastrointestinal
level, through the gut microbiota [26].

Ellagic acid and gallic acid are metabolites of proanthocyanidins and are found in the
plasma, where they undergo conjugation processes with methyl, glucuronyl and sulphate
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groups and then they are excreted in the urine [58]. One hour after its oral intake, ellagic
acid can be detected in the plasma.

A study by Seeram et al. [59] on 18 healthy subjects evaluated the presence of ellagic
acid in the urine after pomegranate juice consumption. The authors highlighted that ellagic
acid was not present in the plasma the previous day, while it was found both on the day and
the day after the juice consumption in 24 h urine. Specifically, the gallic acid metabolites
such as dimethylellagic acid glucuronide (DMEAG) and hydroxy-6H-benzopyran-6-one
derivatives (urolithins) were detected in plasma in both free and conjugated form. Among
the metabolites, the most important was urolithin A-glucuronide, which persisted in the
urine for 48 h. This laid the basis for deducing that the daily intake of anthocyanidins and
hydrolysable tannins for prolonged periods can exert an antimicrobial action in the urinary
apparatus, counteracting relapses of UTIs.

In our pilot study, we administered Chestnut tannins and anthocyanins as OFS to
evaluate their possible antimicrobial action on UTIs. This action was confirmed by the sig-
nificant reduction in the urinary bacterial flora, in leukocyturia and in ESR, in male OFS pa-
tients. Cranberry standardized extracts and juices, rich in anthocyanidin/proanthocyanidin,
demonstrated interesting effects in UTI prevention, as anthocyanidin/proanthocyanidin
inhibit the adherence of P-fimbriated Escherichia coli to eukaryotic cells [32]. More recent
studies have also demonstrated the efficacy of products containing Cranberry in inhibit-
ing the in vitro growth of Escherichia coli strains, whereas the same products showed a
lower activity compared to other pathogens like Klebsiella pneumoniae, Enterococcus faecalis,
Pseudomonas aeruginosa and Proteus mirabilis [35-38,60].

Recent studies showed that Sweet Chestnut extracts and hydrolysable tannins present
an antimicrobial activity against different pathogens. This finding suggests interesting and
sustainable applications for food or feed safety and agronomics products [61-66]. In the
biomedical field, tannic acid, tested in vitro both individually and in combination with
fusidic acid on three strains of Staphylococcus aureus resistant to methycillin, showed a
synergistic effect in preventing of additional adaptive mutations in the bacteria [39]. The
chemical 1-methoxy-2,3-digalloylglucose, in mixture in the two anomeric forms, was tested
both alone and in sub-inhibitory concentrations in combination with amphotericin B on
Candida albicans, Candida glabrata and Issatchenkia orientalis, showing a strong synergistic
activity [67].

A study on some terpenoids and on a wide variety of polyphenols, in particular
hydrolysable tannins, selected among the representative molecules of natural extracts
well known for their antibacterial properties, has confirmed their effectiveness against
Helicobacter pylori of many of the tested compounds, in particular of hydrolysable tannins
with MICsps in plate between 6.25 and 50 pg/mL [33]. These results, together with those
reported above, suggest the possibility of combining hydrolysable tannins from Sweet
Chestnut and anthocyanosides/proanthocyanosides from Cranberry, for obtaining prod-
ucts with a wider spectrum of antimicrobial action and with possible synergistic effects.
The above-reported in vitro and in vivo results, obtained with active compounds from
Cranberry and Sweet Chestnut on microorganisms responsible for UTIs, by both our and
other research groups, led us to the innovative formulation of the OFS object of the present
pilot study.

In the male OFS subgroup in our study, a statistically significant improvement of the
parameters related to oxidative stress (FORT and FORD) was also described, according to
the high antioxidant activity and the low ECs antiradical activity, measured using in vitro
assays with Folin-Ciocalteu reactive and stable radical DPPH-, respectively.

Such results can be ascribed to the presence of Serenoa repens present in the OFS in
addition to Chestnut tannins and anthocyanosides. Serenoa repens (also commonly called
saw palmetto) is a ripe berry of the North American dwarf-palm, traditionally used as
treatment for the main male urogenital disturbances. Previous studies have highlighted
that Serenoa repens has an antispastic, anti-edema, anti-proliferative and anti-androgenic
effect [68]. Moreover, Serenoa repens extract, in particular its free fatty acid, such as lauric
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acid and linoleic acid, seems to exert an anti-inflammatory action through inhibition
the cyclooxygenase activity, 5-lipoxygenase pathway and pro-inflammatory cytokines
biosynthesis [59-62].

However, these promising effects did not seem to be visible in female treated pa-
tients. Furthermore, in these subgroups, the OFS seems to have had side effects in the
gastrointestinal tract. The OFS tested, due to the high content of Serenoa repens, could have
induced nausea, vomiting and other minor gastrointestinal symptoms in female subjects as
a result of overdose with respect to their body weight [69]. The presence of this substance
could explain the reason we observed cases of dropout in female treated subjects. Three
female treated subjects, in fact, did not complete the study due to reported gastrointestinal
disorders, leading us to hypothesize that the amount of Serenoa repens present in the OFS
represented an overdose.

Furthermore, in male OFS patients, we observed a reduction in somatization, anxiety
and depression state at the end of the study (after six weeks of OFS assumption). These
results seem to be in line with the results obtained on the improvement of urinary symp-
toms in male subgroups. Gender differences have been reported for polyphenols and other
bioactive compounds, related to their biotransformation, bioavailability, pharmacodynam-
ics and pharmacokinetics. The metabolism of polyphenolic compounds takes place via
gut microbiota and via endogenous enzymes such as cytochrome P450 mono-oxygenases
in a gender-dependent manner. The specific targets of these bioactive compounds can be
differently expressed in the different genders. Their renal excretion, which is the main
excretion route, presents sex differences [70-74].

Thus, the gender is a variable that must be carefully considered. From this perspec-
tive, and according to the results of this pilot study, the research will continue with the
experimentation of two different OFSs, specific for gender: the OFS (described above) for
male patients and a newly formulated OFS, avoiding the use of Serenoa repens extract, for
female patients.

5. Conclusions

The psychophysical distress induced by UTI recurrence, the possible negative effects
related to repeated antibiotics treatment, and the possibility of antibiotic-resistance, have
led to interest in finding a natural OFS designed to counteract recurrent UTIs and improve
the quality of life of patients. The preliminary results of our pilot study demonstrate
the possible therapeutic and preventive efficacy of a natural OFS based on polyphenols,
specifically based on Sweet Chestnut tannins, in UTI recurrent patients. However, these
results seem to be referable only to male patients. The significant side effects associated
with the poor ability to reduce microbial flora in female patients raises the problem of
finding a natural OFS able to counteract UTIs in female subjects. To confirm the results
obtained for the parameters related to oxidative stress, inflammatory status and gender-
dependent antimicrobial activity, a future study should be planned on a larger sample of
patients selected by gender, also including a placebo group not treated with tannins. This
study should take into account gender differences, formulating two OFS that differ with
respect to the presence of Serenoa repens extract, which is not completely tolerated by the
female population.
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Abstract: We explored the dose-response relations of sodium, potassium, magnesium and calcium
with cardiovascular disease (CVD) risk in the Framingham Offspring Study, as well as the combined
effects of these minerals. Analyses included 2362 30-64 year-old men and women free of CVD at
baseline. Cox proportional-hazards models were used estimate adjusted hazard ratios (HR) and
95% confidence intervals (CIs) for mineral intakes and incident CVD. Cox models with restricted
cubic spline functions were used to examine dose-response relations, adjusting for confounding
by age, sex, body mass index, dietary fiber intake, and time-varying occurrence of hypertension.
Lower sodium intake (<2500 vs. >3500 mg/d) was not associated with a lower risk of CVD. In
contrast, potassium intake >3000 (vs. <2500) mg/d was associated with a 25% lower risk (95% CI:
0.59, 0.95), while magnesium intake >320 (vs. <240) mg/d led to a 34% lower risk (95% CI: 0.51, 0.87)
of CVD. Calcium intake >700 (vs. <500) mg/d was associated with a non-statistically significant 19%
lower risk. Restricted cubic spline curves showed inverse dose-response relations of potassium and
magnesium with CVD risk, but no such associations were observed for sodium or calcium. These
results highlight the importance of potassium and magnesium to cardiovascular health.

Keywords: cardiovascular disease; sodium; potassium

1. Introduction

The need for population-wide salt reduction has been a topic of considerable debate
for years. The World Health Organization and others suggest that universal salt reduction
may lead to significant public health gains [1]. While there is general agreement that
sodium reduction will lead to some reduction in blood pressure, there is considerable
disagreement about whether this action will lower cardiovascular risk and mortality. It has
even been suggested by some that there may be harm in strict salt reduction guidelines
for some people due to unanticipated effects of sodium reduction on other pathways
related to cardiovascular disease (CVD) occurrence [2]. As a result, the need for additional
research examining the association between lower sodium intakes and CVD risk in the
general population of healthy adults as well as high-risk segments of the population has
been identified. A 2018 systematic review of several clinical trials, however, examined
the efficacy of lower sodium intakes among individuals with prevalent heart failure and
concluded that there was insufficient evidence to support salt reduction as a strategy for
reducing incident cardiovascular events or mortality in that population [3].

The independent and combined effects of other minerals on CVD risk are of vital
interest as well. Potassium is generally thought to have beneficial effects on cardiovascular
health through its effects on vascular tone, although this effect may not be fully realized
due to widespread under-consumption of potassium among Americans [4]. Evidence for
an inverse dose-response relation between potassium and incident CVD is growing [5] as
well as evidence for a role of potassium in mediating salt sensitivity [6]. In addition, both
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calcium and magnesium have been thought to impact cardiovascular health. However,
evidence from clinical trials of calcium supplementation is generally inconclusive, with
most studies showing no effect on CVD risk [7]. Magnesium is involved in blood pressure
and metabolic regulation and may be important to the prevention and management of CVD
risk, although evidence on this topic is somewhat sparse and inconclusive [8,9]. Finally,
there is also little evidence on the cardiovascular effects of dietary sodium in combination
with intakes of calcium and magnesium. Such data will help to expand the evidence base
informing future Dietary Guidelines [10].

The overall goal of this study is to examine the dose-response relations between
sodium, potassium, magnesium, and calcium and risk of CVD in the prospective Fram-
ingham Offspring Study. A secondary aim is to evaluate the combined effects of dietary
sodium and these other minerals on incident CVD risk.

2. Materials and Methods

The Framingham Offspring Study (FOS) began in 1972 with the enrollment of 5124 off-
spring (and spouses) of the original Framingham Heart Study cohort. Data related to
medical history, cardiometabolic risk factors, lifestyle habits, psychosocial factors, and
physical functioning were collected at repeated examination visits occurring at intervals of
approximately four years. For these analyses, subjects with complete data on diet, CVD
outcomes, and all confounders of interest who were between the ages of 30 and 64 years at
examination visit three (when diet was first assessed) were eligible for inclusion. Those
missing data or who were less than age 30 at exam 3 were included starting at exam 5 (the
next time when dietary intake was assessed).

Of the original 5124 subjects, the following individuals were excluded from the
analyses: 283 who died prior to the baseline dietary assessment, 324 outside of the requisite
age range (<30 or >65 years), 497 who failed to attend exams 3-5, 77 with prevalent
cancer at baseline (except non-melanoma skin cancer), 1040 with missing food diaries,
11 with a body mass index (BMI) <18.5 kg/m?, and 1 with missing blood pressure. As has
been done in previous studies, we excluded 389 with implausibly high or low values for
energy intake (men reporting usual energy intake <1200 or >4000 kilocalories (kcals)/d,
women reporting energy intakes <1000 or >3500 kcals/d [11,12]), or subjects reporting more
than 20% of energy intake from alcohol. Finally, 140 with prevalent CVD were excluded,
leaving 2362 subjects for these analyses. The original study protocols were approved by
the Institutional Review Board of the Boston University Medical Center and all subjects
provided written informed consent.

2.1. Dietary Intake

Diet was assessed using two sets of three-day diet records in the third and fifth
examination cycles of the study (1984-1988 and 1991-1995). Nearly 75% of participants
completed the requested records, with most providing all days of dietary data for a total of
approximately 16,000 days of dietary records. Each set of three-day diet records included
two weekdays and one weekend day. All participants were instructed in the completion of
the diet records by a trained study nutritionist. The participants were instructed to write
down everything that they ate or drank for meals and snacks in a 24-h period. They were
asked to document portion sizes, specific brand names, cooking methods, and recipes (for
home-cooked dishes) as well as salt added at the table. The sources of any take-out foods
were also recorded. Fats and seasonings including salt that were added during cooking
were also recorded. Two-dimensional food models were used to aid in the estimation of
correct portion sizes. The study nutritionist reviewed the dietary records and debriefed the
participants as needed for clarification before entering the dietary data into the Nutrition
Data System (NDS) of the University of Minnesota [13].

The NDS program provides detailed nutrient composition data for all food items
including sodium, potassium, magnesium, and calcium. Total intake for each nutrient
from all food sources is then summed over each day. Since adult dietary intakes tend to be
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stable over time [14] and to reduce random variability in intake, average intakes of sodium,
potassium, magnesium, and calcium as well as other nutrients were calculated as a mean
across all available days of dietary records.

2.2. CVD Outcomes

All Framingham participants were monitored on an on-going basis for CVD events
including fatal and nonfatal myocardial infarction, unstable angina (defined as ischemic
episodes with reversible ST-segment changes), heart failure, and ischemic or hemorrhagic
stroke. A panel of three investigators adjudicated all possible CVD events and diagnoses
using standard long-standing Framingham guidelines. Atherosclerotic cardiovascular
disease (ASCVD) cases excluded intracerebral or subarachnoid hemorrhage, ischemic
cardiomyopathy, and congestive heart failure.

2.3. Potential Confounders

A wide range of CVD risk factors were routinely assessed in Framingham. Factors
explored as potential confounders in these analyses included age, sex, height, education
level, BMI, physical activity, cigarette smoking, alcohol intake, a wide range of individual
dietary factors, a Dietary Approaches to Stop Hypertension (DASH) eating pattern score,
prevalent hypertension and use of anti-hypertensive medications, as well as time-varying
development of hypertension or use of anti-hypertensive medications. Blood pressure was
measured twice at each examination following a standardized protocol using a mercury-
column sphygmomanometer and an appropriate-sized cuff. Modified JNC-7 criteria for
defining prevalent hypertension at baseline as well as incident hypertension during follow
up have been previously described and, briefly, include those with either a mean systolic
blood pressure (SBP) > 140 mm Hg, diastolic blood pressure (DBP) > 90 mm Hg at
2 consecutive exams, or both, or taking blood pressure lowering medication at any exam,
or either an SBP > 160, DBP > 95, or both, at a single exam) [15].

Height and weight were measured at each exam visit using a standard balance beam
scale with a stadiometer. Education was determined by self-report and categorized as less
than college vs. some college or more. For those who smoked, the number of cigarettes
smoked per day at each exam was recorded. Physical activity was derived from a standard-
ized Framingham questionnaire in which the self-reported hours usually spent per day in
sleep, sedentary, light, moderate, and heavy physical activity were determined. Moderate
and vigorous activities were weighted for energy expenditure determined by estimated
oxygen consumption and summed to obtain an estimate of usual moderate/vigorous
physical activity [16]. Alcohol intake (g/d) was based on self-report of usual consumption
of beer, wine, and spirits.

2.4. Statistical Analysis

Mineral intakes are often expressed per 1000 kilocalories of intake. However, energy
intake is frequently misreported, typically by under-reporting intakes of foods and bev-
erages that are perceived to be less healthy [17], and this under-reporting is differential
by body size [18]. As a result, we chose to normalize the intakes of sodium, potassium,
magnesium, and calcium for body weight, as a means of accounting for differences in
energy intake and overall body size, using the residuals from linear regression models [19].
Each mineral was regressed on body weight; residuals for each subject were then added to
the median intakes of that mineral in the FOS population to express the weight-adjusted
mineral intakes on the original scale.

For some analyses, mineral intakes were categorized on the basis of dietary recom-
mendations for that mineral [20] as well as power considerations and the sensitivity of
the results to changes in the cutoff values. For magnesium and calcium, the current
Recommended Dietary Allowance (RDA) values informed the categorization of these
variables. However, for sodium or potassium, the lack of an established RDA led to the
use of adequate intake (Al) levels to inform the categorizations [20]. Since only 15.8%

23



Nutrients 2021, 13, 269

of men and 27.8% of women met the Al of <2300 mg/d level for sodium, we chose the
following categories to enhance statistical power: <2500, 2500 to <3500, and >3500 mg/d.
The current Al for potassium is >3400 mg/d for men and >2600 mg/d for women, with
25.5% of men and 44.9% of women meeting these guidelines. To capture the effects of
low potassium consumption, we classified intake for these analyses as <2500, 2500 to
<3000, and >3000 mg/d. To evaluate the combined effects of adequate intakes of both
sodium and potassium, we dichotomized intakes initially based on the established Al
levels but since only 1.7% of subjects met the guidelines for both nutrients, we chose to
define inadequate intake (referent group) as a sodium level >2500 mg/d with a potassium
intake of <2500 mg/d, a category comprising approximately 23% of subjects. We similarly
chose categories for magnesium and calcium based on the RDA values, power consider-
ations, and sensitivity analyses. Only 10.6% of men and 20.2% of women met the RDA
for magnesium (>420 mg/d for men; >320 mg/d for women) while only 21.8% of men
and 7.8% of women met the calcium RDA (>1000 mg/d for men and women 31-50 years
of age; >1200 mg/d for women >51 years of age). The categories for magnesium were
<240, 240 to <320, and >320 mg/d while those for calcium were <500, 500 to <700, and
>700 mg/d to enhance statistical power.

Cox proportional hazards models were used to estimate the risk of total CVD and
ASCVD associated with categories of intake for each of the four minerals. Only those
factors that were found to be actual confounders (as defined by a 5% change or more in the
overall effect estimate when included in the model) of the relation between mineral intake
and CVD were retained in the final models. Final models for risk of CVD included age,
sex, BMI, dietary fiber (for sodium models), and prevalent and time-varying occurrence of
hypertension as confounders of the effects. There was no confounding by height, education
levels, cigarette smoking, physical activity levels, alcohol intake, energy intake, a DASH
eating score, or energy-adjusted macronutrient intakes. Certain dietary variables such as
dietary fiber were strongly collinear with some minerals and therefore not included in
the final models. To evaluate the dose-response relation between mineral consumption
(on a continuous scale) and risk of CVD, we used Cox proportional hazards models
with restricted cubic spline functions. Three knots at the 25th, 50th, and 75th percentiles
were used, with the 25th percentile serving as the reference point. All analyses were
carried out with SAS version 9.4. Figures were created using GraphPad Prism version 8.0
(www.graphpad.com).

3. Results

Table 1 describes the baseline characteristics of the subjects according to weight-
adjusted sodium and potassium intakes. Subjects with the lowest intakes of sodium were
slightly older, had a higher BMI, were more frequently female, and had lower education
levels. They also tended to have lower intakes of potassium, magnesium, and calcium.
Those with lower intakes of potassium had a higher BMI, lower education levels, and
more were frequently female. There was little to no association between cigarette smoking
and sodium or potassium intakes. Notably, those with higher intakes of both sodium and
potassium had higher intakes of fruits and vegetables and dairy foods.

Table 2 shows the rates and hazard ratios for CVD and ASCVD associated with intake
of each of the four minerals. During the 41,170 person-years of total follow-up (median
follow-up time of 19.7 years) there were 404 cases of incident CVD, 367 of which were
atherosclerotic in nature. The majority of subjects in this study had moderate sodium
intakes (median intake 2927 mg/d). Within the range of usual intake in Framingham, there
was no association between sodium and risk of CVD or ASCVD. In contrast, both potassium
and magnesium intakes were inversely associated with risks of CVD and ASCVD. For
example, those consuming >3000 mg/d (vs. <2500 mg/d of potassium had a 25% lower
risk of total CVD (hazard ratio (HR) = 0.75; 95% CI: 0.59, 0.95) and a 28% reduction in risk of
ASCVD. Consumption of at least 320 mg/d of magnesium (vs. <240 mg/d) was associated
with a 34% reduction in risk of total CVD and a 38% reduction in risk of ASCVD. Calcium
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intake >500 mg/d was associated with a 17-19% non-statistically significant (95% Cls:
0.65-1.07 and 0.63-1.08) decreased risks of CVD and ASCVD, respectively.

To assess dose-response relations between minerals and CVD, we utilized Cox propor-
tional hazards models with restricted cubic spline functions. In Figure 1, panels A-D show
the dose-response relations between each of the four minerals and risk of total CVD over
12 years of follow-up. In these analyses, only potassium and magnesium were inversely
associated with cardiovascular risk in a dose-dependent manner.
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Figure 1. Dose-response relations between mineral intakes and incidence of cardiovascular disease over 12 years of follow-
up. Separate dose-response assessments for (A) sodium, (B) potassium, (C) magnesium, and (D) calcium with risk of
cardiovascular disease (CVD) over 12 years of follow-up using restricted cubic spline analyses. All models were adjusted
for age, sex, body mass index (BMI), and time-varying occurrence of hypertension. Dotted lines represent 95% confidence
bands. Abbreviations: CVD, Cardiovascular Disease; HR, Hazard Ratio.
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Finally, to determine whether the intakes of potassium, magnesium, or sodium on
CVD risk were modified by the daily intake of sodium, we explored the combined intakes
of these minerals (Table 3). Here, we dichotomized and then cross-classified intakes of
sodium (higher vs. lower) with other minerals. The referent group for each of these
analyses was chosen to be that group with the highest expected risk of CVD (i.e., higher
sodium plus lower intakes of potassium, magnesium, or calcium). Compared with the
referent category, those with higher potassium intakes (when sodium intake was also
high) had a 27% lower risk (95% CI: 0.57, 0.93) of CVD while higher potassium intake
combined with lower sodium intakes was associated with a 31% lower risk (95% CI: 0.48,
0.99). Higher magnesium intake (>240 mg/d), regardless of sodium intake, was associated
with substantially lower risks of total CVD (HR = 0.72, 95% CI: 0.56, 0.94; HR = 0.61, 95% CI:
0.42, 0.88 among those with higher and lower sodium intakes, respectively). Finally, there
were no statistically significant reductions in risk of CVD or ASCVD associate with a lower
sodium intake alone.

Table 3. Rates and Hazard Ratios for Risk of CVD Associated with Categories of Mineral Intakes in the Framingham

Offspring Study.
Unadjusted Adjusted ®

Mineral Intakes (mg/d) 2 n 1/1000 py HR 95% CI 1/1000 py HR 95% CI
Na > 2500, K < 2500 532 11.18 1.00 ref 10.14 1.00 ref
Na > 2500, K > 2500 1169 9.21 0.73 0.57,0.93 8.41 0.73 0.57,0.94
Na < 2500, K < 2500 422 9.55 0.78 0.57,1.07 8.43 0.80 0.57,1.11
Na < 2500, K > 2500 239 10.27 0.69 0.48,0.99 9.28 0.70 0.48,1.02
Na > 2500, Mg < 240 399 11.41 1.00 ref 10.48 1.00 ref
Na > 2500, Mg > 240 1302 9.34 0.72 0.56, 0.94 8.48 0.70 0.53, 0.92
Na < 2500, Mg < 240 359 10.64 0.85 0.61,1.19 9.61 0.87 0.61,1.24
Na < 2500, Mg > 240 302 8.88 0.61 0.42,0.88 7.73 0.59 0.40, 0.86
Na > 2500, Ca < 700 737 10.41 1.00 ref 9.50 1.00 ref
Na > 2500, Ca > 700 964 9.37 0.96 0.76,1.20 8.52 0.94 0.73,1.19
Na < 2500, Ca < 700 498 10.35 0.95 0.72,1.25 9.15 0.96 0.71,1.28
Na < 2500, Ca > 700 163 8.19 0.72 0.46,1.12 7.47 0.74 0.46,1.18

Abbreviations: CVD, cardiovascular disease;; CI, confidence interval; I/1000 py, incidence per 1000 person years; Na, sodium; K, potassium;
Mg, magnesium; Ca, calcium; ref, reference. * Weight-adjusted mineral intakes; b hazard ratios for all minerals adjusted for age, sex, BMI,
and prevalent hypertension (a time varying covariate).

4. Discussion

In these analyses, we first sought to determine the dose-response relations between
sodium, potassium, magnesium, and calcium and risk of CVD. In these analyses, sodium
intake was not associated with risk of CVD at the levels consumed by this generally healthy
community-based population of adults. Both potassium and magnesium were consistently
inversely associated with the risk of incident CVD in a dose-dependent manner. While
potassium consumption at or above 3000 mg/d (vs. <2500 mg/d) was linked with at least
a 25% reduction in risk of both total and atherosclerotic CVD, we also observed that risks
declined steadily throughout the distribution for intakes up to 5000 mg/d. Similarly, CVD
risks declined steadily with intakes of magnesium ranging from 100 to 600 mg/d. Higher
intakes of potassium and magnesium were both associated with reduced risks of CVD
regardless of sodium intake while lower intakes of sodium had no independent beneficial
effects on CVD risk.

The association between dietary sodium intake and CVD risk is controversial [21].
There have been several prospective studies evaluating the relation between urinary
sodium and incident CVD or CVD mortality. One study of subjects in their mid-40s
who were overweight and tended to have elevated blood pressure levels had a higher
risk of non-fatal CVD associated with increasing sodium intakes [22]. Thus, it is possible
that CVD risk may be different among individuals with prevalent obesity and high blood
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pressure. However, our results are consistent with those from the Health, Aging, and Body
Composition (Health ABC) study which found no association between sodium intake and
incident CVD even after controlling for prevalent hypertension [23]. Since hypertension
may be part of the causal pathway to CVD, we also ran all statistical models excluding
those with prevalent and time-varying hypertension from the models and the results were
virtually identical. Some studies have observed a non-linear (i.e., ]-shaped) relation be-
tween urinary sodium and CVD risk. A 2014 meta-analysis of largely prospective cohort
studies concluded that lower sodium intakes (<2645 mg/d) were associated with higher
risks of all-cause mortality as well as CVD incidence than were more moderate intakes
(26454945 mg/d) [24]. In Framingham, we had too few subjects with sodium intakes
above 5000 mg/d to evaluate intakes at that level. Further, only 15.8% of men and 27.8% of
women met the current dietary guidelines for sodium of less than 2300 mg/d, limiting our
assessment of risk at this intake level.

It is possible that the lack of a beneficial effect of lower sodium intake on cardiovascular
risk in this and other studies may be due to other adverse effects associated with reducing
dietary sodium intake. Some randomized clinical trials targeting dietary sodium reduction
have shown unintended results—that is, increases in renin, aldosterone, catecholamines,
total cholesterol, and triglycerides [5,25]. Since all of these effects are linked with higher
risks of heart disease and death, these findings could explain the absence of a beneficial
effect of lowering sodium intakes.

Analyses from the Prevention of Renal and Vascular End-Stage Disease (PREVEND)
study found that every additional 598 mg of potassium was associated with a 13% reduction
in CVD risk [26]. These results are consistent with a 2011 meta-analysis in which every
additional 966 mg/d of potassium was associated with a 26% lower risk of total CVD and
a 21% lower risk of stroke [27]. Our results in Framingham were similar. We found that
for every additional 600 mg/d of potassium consumed, CVD risk declined by 12% (data
not shown).

The association between dietary magnesium and risk of CVD dates back to early
epidemiologic observations in which water “hardness,” a measure of calcium and mag-
nesium content, was inversely associated with CVD risk [28]. Early observations from
the Atherosclerosis Risk in Communities (ARIC) study showed that those with prevalent
hypertension, CVD, or diabetes had lower serum magnesium levels [29]. In the European
Prospective Investigation into Cancer (EPIC)-Norfolk Study, dietary magnesium was also
inversely associated with risk of stroke [30]. Our results for CVD are consistent with these
earlier findings.

In recent years, concerns about calcium supplements and elevated cardiovascular
risk [31] have led to declines in usage. However, dietary calcium may have very different
effects than supplements. Data from the large Melbourne Collaborative Cohort Study
suggest inverse linear associations between dietary calcium and risk of incident CVD and
stroke [32]. However, a meta-analysis of prospective observational studies found that the
lowest CVD mortality was at intakes of approximately 800 mg/d, restricted cubic spline
analyses in that study suggested that the relation between calcium and CVD mortality may
be U-shaped [33]. In the current Framingham analyses, calcium intakes above 500 mg/d
were associated with nearly a 20% (non-statistically significant) reduction in risk of CVD.
We found no particular benefit of higher total calcium intakes.

The mechanisms by which these dietary minerals may be associated with CVD are
complex. For sodium, it seems likely that the effects on blood pressure are mechanistically
different for individuals who are salt sensitive and those who are not. Salt sensitivity has
been acknowledged for many years but the mechanisms underlying this phenomenon are
incompletely understood [34]. Since salt sensitivity varies markedly by race, the largely
northern European Caucasian ancestry of the Framingham Study participants suggests
that salt sensitivity levels are probably somewhat low in this cohort.

There are a number of mechanisms by which potassium may reduce cardiovascular
risk. First, sufficient potassium intake promotes negative sodium balance by inducing

29



Nutrients 2021, 13, 269

sodium excretion [35]. Increased plasma potassium levels also have beneficial effects on
endothelial cells, thereby reducing vascular stiffness and enhancing nitric oxide-mediated
vasodilation [36,37]. In addition to these independent effects on blood pressure and other
cardiovascular outcomes, potassium has been shown to suppress the effects of sodium
on blood pressure among salt sensitive individuals [6]. Magnesium regulates numerous
biochemical processes, many of which control blood glucose, blood pressure, and inflam-
mation [38]. It also acts as a calcium antagonist and inhibits coagulation. Magnesium
deficiency has been associated with increased oxidative stress [39].

It is important to note that since potassium and magnesium are strongly correlated
with one another and strongly associated with consumption of fruits and vegetables and
dairy products (and hence, a DASH dietary pattern), it is difficult to separate the effects
of these minerals from one another and their underlying food sources. In Framingham,
29% of potassium intake and 21% of magnesium intake was derived from vegetables, while
19% of potassium and 11% of magnesium came from fruit consumption and 16-17% of
both potassium and magnesium from dairy intake. In summary, these data from the FOS
confirm that dietary potassium and magnesium have important roles in the prevention of
CVD. This finding may provide additional support for the value of a DASH eating pattern
in the reduction of CVD risk. Finally, sodium intake had no independent effect on risk of
CVD and dietary calcium had only weak beneficial effects.

There are important strengths and limitations to the present study. One limitation is
that we had very few individuals with sodium intakes above 5000 mg/d (1 = 88, 3.7%)
or below 2000 mg/d (n = 210, 8.9%), preventing accurate estimation of the dose-response
relations at extremes of the distribution. Nonetheless, we found no adverse effect of
sodium intake on CVD risk at the usual levels of intake (mean intake = 2977 mg/d) in this
population. Further, we were unable to examine the potential role of kidney dysfunction
in this study due to having too few individuals with creatinine measures at baseline.
However, when we examined the proportion of individuals with renal failure at exam 7,
when nearly all individuals had serum creatinine levels, the proportions were not different
across sodium or potassium intake categories. Additionally, we did not consider the effects
of supplemental calcium in this study. The FOS population is largely of European descent,
limiting the generalizability of these results to more racially-diverse populations. Finally,
self-reported dietary records are an imperfect measurement of salt intake, and may be
subject to reporting bias and underreporting of sodium intake among high-risk individuals.
There also may be non-differential error in reporting of the intakes of these minerals, which
would result in estimates of effect that were biased towards the null. There are many
important strengths of this study. Even though we did not have urinary biomarkers for
mineral intakes, the dietary recalls have been shown to have stronger correlations with
more objective measures of sodium and potassium intake than have other methods of
dietary assessment [40]. Additionally, the FOS’s well-characterized population, carefully-
adjudicated cardiovascular outcomes, and thorough measurement of a wide range of
potential confounding factors allow for more accurate assessment of outcomes and control
of confounding.

5. Conclusions

Our data provide no evidence for sodium reduction in a healthy population as a
means of reducing risk of CVD in a population with moderate sodium intake. It does
however support the importance of increasing potassium and magnesium for the purpose
of reducing cardiovascular risk. Interventions focused on the promotion of potassium-
and magnesium-rich foods in the diet may be effective targets for reducing the occurrence
of CVD. To improve generalizability and expand these findings, future studies should
examine broader ranges of intakes in more ethnically diverse cohorts.
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Abstract: Frailty is the major expression of accelerated aging and describes a decreased resistance
to stressors, and consequently an increased vulnerability to additional diseases in elderly people.
The vascular aging related to frail phenotype reflects the high susceptibility for cardiovascular
diseases and negative postoperative outcomes after cardiac surgery. Sarcopenia can be considered
a biological substrate of physical frailty. Malnutrition and physical inactivity play a key role in the
pathogenesis of sarcopenia. We searched on Medline (PubMed) and Scopus for relevant literature
published over the last 10 years and analyzed the strong correlation between frailty, sarcopenia and
cardiovascular diseases in elderly patient. In our opinion, a right food intake and moderate intensity
resistance exercise are mandatory in order to better prepare patients undergoing cardiac operation.

Keywords: frailty; vascular aging; age related syndrome; sarcopenia; malnutrition

1. Introduction

The concept of frailty was first evidenced in the 1979 [1] and entered in the common
medical language, thanks to recognized value in predicting the risk to many chronic dis-
eases in old population, evidencing the marked differences in the two sexes (especially in
female people), with respect to the traditional risk factors for these diseases, and in facili-
tating (or precisely quantifying) the increase of health age-related deficits. Nevertheless,
its definition remains uncertain, although three researchers have advanced some major pro-
posals: (1) Fried [2] defines frailty as the process that decreases the physiological reserves
and results in a major vulnerability to stressors (pathologies, surgery); (2) Rockwood [3] de-
scribes it as the result of the presence of adverse variables in old people, including those of
cardiovascular nature (i.e., hypertension, heart attack and arrhythmia); (3) Gobbens [4] sug-
gests that damages in the psychosocial sphere of an individual cause some adverse effects
to the health. Currently, advances in the field propose frailty as major phenotype of accel-
erated aging characterized by a multiorgan dysfunction and/or significantly associated
with an increased vulnerability to diverse diseases (multimorbidity) in elderly people [5].
Sarcopenia can be considered a biological substrate of physical frailty [6]. Muscle loss
typically begins in the fifth decade of life and proceeds at a rate of decline of 0.8% years [7].
Epidemiological data suggest a wide variability in the prevalence of sarcopenia, depending
on the type of population studied, sex, age and diagnostic criteria used. The prevalence
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of sarcopenia is between 7.5% and 77.6% [8]. There are numerous factors responsible for
this muscle loss: the aging process, genetic susceptibility, environmental factors, such as
suboptimal diet, prolonged bed rest, sedentary lifestyle, chronic diseases and drugs [9,10].
In most cases the etiology of sarcopenia is multifactorial and sarcopenia is considered PRI-
MARY (age-related) when the only obvious cause is aging [11-14]. Malnutrition plays a key
role in the pathogenesis of sarcopenia and frailty. The malnutrition refers to an imbalance
condition of protein or other nutrient imbalance, responsible for negative effects on body
composition, physical function and clinical outcome [15]. Although, malnutrition is not in-
evitably associated with the aging process. Numerous causes can contribute to a decline in
nutritional status: anorexia, edentulism, dysgeusia, dysphagia, motor and visual disability
represent physiological and physical causes that can compromise an adequate intake of nu-
trients [16]. We will see in this narrative review the correlation between frailty, sarcopenia
and malnutrition in the management of the elderly patient. At the same time, we proposed
a right food intake in order to better prepare patients undergoing cardiac surgery.

2. Materials and Methods
2.1. Data Sources and Search Strategy

Current literature investigating frailty, sarcopenia and malnutrition is analyzed and
contextualized in this review. Specifically, research was conducted on Medline (Pubmed)
and Scopus. To review recent studies on frailty, sarcopenia, malnutrition, and cardiovascu-
lar disease, we selected scientific papers published in English 10 years since the European
Working Group on Sarcopenia in Older People (EWGSOP) was published in 2010 [17].
We used the search term frailty, sarcopenia, malnutrition, cachexia, cardiovascular disease,
mortality and morbidity, cardiac surgery.

2.2. Study Selection
2.2.1. Inclusion Criteria

The inclusion criteria for the included studies in this review were as follows: (1) as-
sessment of frailty and sarcopenic patients; (2) inclusion of both gender and all races;
(3) examination of the impact of undernutrition, sarcopenia and frailty on clinical outcomes;
(4) frailty evaluation; (5) evaluation of muscle strength and /or muscle mass for diagnosing
sarcopenia; (6) evaluation of the correlation between frailty/sarcopenia and cardiovas-
cular diseases; (7) identification of frailty biomarkers in predicting vascular aging and
cardiovascular disease; (8) morbidity and mortality in frailty patients underwent cardiac
surgery; (9) application of a specific dietary intake in order to prevent sarcopenia in cardiac
surgery patients.

2.2.2. Exclusion Criteria

Editorial, case report, letters to editor, and conference abstracts were excluded from
this review.

3. Frailty Definition and Quantification

Two main models have been proposed for the frailty evaluation: the phenotypic (pri-
mary frailty) or the deficits accumulation model (secondary frailty). Different instruments
have been proposed for measuring frailty. Of note are the data from the Cardiovascular
Health Study [18] that evidenced in about 25% of older participants signs of frailty with-
out either multiple comorbidities or disabilities (physiological ageing). In this context,
frailty has been defined as “primary frailty”, with a phenotypic presentation involving
the decline in physical functions and psychological status, without taking into considera-
tion associated diseases or pathological conditions. In measuring the primary frailty, the
Fried’s phenotype frailty index has been widely adopted [2]. It derived from an analysis
of five health factors: nutrition; physical exhaustion; low energy expenditure (or inactive
status); mobility and muscular strength. Deterioration in one of these examined factors
was scored as 1 if present or 0 if absent, giving a potential score spanning from 0 to 5.
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The phenotypic model permitted to classify three groups of individuals: robust (no de-
terioration); pre-frail (one or two altered factors); or frail (three or more altered factors).
This classification was independently correlated with outcomes, such as survival, falls,
disability, and institutionalization. The secondary frailty considered the accumulation of
multiple deficits, including symptoms, signs, disabilities, pathological conditions, and
abnormal laboratory values. Furthermore, its evaluation was based on frailty index based
on the defects accumulation’s model [19]. Every deficit has been coded as binary (1 or 0)
or ordinal (0, 0.5, 1), consequently the frailty index was the sum of the deficit’s values
divided by the total number of deficits listed. This approach evidenced an important issue
on measurement of frailty based on phenotypic or deficits accumulation model, that has
revealed it is complex and time consuming. Alternative and easier instruments have
been, subsequently, proposed for fragility assessment both in general population or in
clinical practice [20]. For frailty estimation in general population, two simple scales and
multifaceted tools requiring comprehensive geriatric assessment (CGA) have been intro-
duced. Among the scales, the most important tool adopted is the Edmonton frailty scale
(EFS) [21]. It examines nine domains of frailty (cognition, general health status, functional
independence, social support, medication usage, nutrition, mood, continence, functional
performance). The results have been reported in a scale ranging from 0 to 17 values and
the participants have been conventionally classified into three categories. A higher score
has been associated with a higher degree of frailty. The same nine domains of frailty have
been also assessed by using a specific tool requiring comprehensive geriatric assessment.
For example, this is the case of the Mini-Mental State Examination (MMSE) [22] or the
Geriatric Depression Scale (GDS) [23,24]. In contrast, the functional performance has been
detected by using the Handgrip strength test [25,26]: handgrip measurement