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Abstract

Heart failure (HF) is a complex clinical syndrome, of a progressive character, that has a limited prognostic factor and manifested by
various extracardiac aspects. It represents a serious and growing public health problem worldwide, both for its high prevalence and
the severity of its clinical manifestations, being the final common pathway of most diseases. Undernutrition is often associated with
HE especially in the later stages of the disease, and may chronically reach cardiac cachexia, a severe manifestation related to poor
clinical prognosis. Nutritional care is accepted as an integral and indispensable part of the treatment of HF and seeks to improve the
nutritional status of the patient, aiming to replenish energy reserves, increasing skeletal muscle tissue and improving exercise capacity.
Micronutrient deficiency is common in patients with HF and its origin seems to be multifactorial, among which prolonged use of
diuretics, low dietary intake and increased nutrient losses are related. In this review the nutritional aspects will be addressed for HE,
with emphasis on the implications and nutritional recommendations.

Introduction

Heart failure (HF) can be defined as an abnormality of the cardiac structure or function that leads to decreased ventricular filling
and ejection capacity leading to failure of the heart to provide oxygen at a rate consistent with the requirements of metabolizing
tissues rate [1]. It is a complex clinical syndrome, of a progressive character, that has a limited prognostic factor and manifested by
various extracardiac aspects, including neuroendocrine activation and cytokine release [2-5].

The HF is a multifactorial disorder that involves multiple organ systems in its pathogenesis and strongly affects the quality of life
of affected patients [6], causing functional limitation and requiring immediate therapeutic intervention [5]. It represents a serious
and growing public health problem worldwide, both for its high prevalence and the severity of its clinical manifestations, being
the final common pathway of most diseases [7-9].

Clinical manifestations in patients with HF include fatigue, dyspnea during daily activities and paroxysmal nocturnal dyspnea,
hepatomegaly, intolerance to physical exertion, night cough and water retention, which can cause pulmonary congestion and
peripheral edema [9,10]. In recent decades, with a better understanding of the disease process, it became clear that the pathological
changes involve not only the cardiovascular system but also the neuroendocrine, immune, musculoskeletal, hematologic, renal
and gastrointestinal systems as well as the nutritional status [11].

Undernutrition is commonly found in patients with HE, mainly in the most advanced stages of the disease, being related with
an enhanced risk of complications and mortality [12]. The implementation of effective nutritional strategies in HF remains a
therapeutic challenge in clinical practice. In this review the nutritional aspects will be addressed for HE, with emphasis on the
implications and nutritional recommendations.

Undernutrition and HF

Undernutrition is a classic manifestation and is often associated with HE. Within the list of common manifestations of the disease,
varying degrees of protein-calorie depletion can be found, as well as extreme cases, generically called cardiac cachexia [13].
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Undernutrition can occur due to inadequate intake , the altered metabolism, the pro- inflammatory state, increased oxidative
stress and increased nutrient loss [6,7], resulting in lean body mass depletion (including vital organs such as the myocardium
itself), with negative implications on functional capacity, and increased post-operative complications and mortality [11]. Studies
with small samples demonstrate that lack of appetite may explain up to 50% of cases of undernutrition in patients with any chronic
illness [14]. Anorexia in HF is a consequence of reduced intake of nutrients or combination of absorptive and metabolic changes
(hypermetabolism, hypoxia, increased energy expenditure, inflammation) [6,11,15]. Moreover, changes in the digestive tract, such
as gastric compression and hepatic congestion, cause postprandial feeling of fullness [16]. Unpalatable diets and exhaustion during
feeding further contribute to inadequate nutrient intake [11].

The loss of nutrients is due to the bowel dysfunction in HE explained by hypoperfusion and edema of the bowel. A study
demonstrated an increase of the ileum wall and ascending, descending, transverse and sigmoid colon of patients with the disease
compared to their controls [7,14,17]. The edema of the bowel loop would be responsible for malabsorption of lipids, protein
loss and other symptoms such as nausea and anorexia [6,15,17]. Furthermore, the chronic use of diuretics may contribute to the
increased losses of nutrients [10,11].

HF patients had alterations in the anabolism/catabolism balance resulting from neurohormonal changes marked by increased
levels of catabolic factors (norepinephrine, epinephrine, angiotensin II, cortisol, free radicals and inflammatory cytokines) and
resistance to anabolic hormones such as the growth hormone (GH) and insulin. These changes contribute to an increased energy
expenditure in resting [6,18]. Patients in functional class IIT and IV show an increased basal metabolic rate around 18%, compared
with healthy subjects [19]. The increased energy demands for the work of the respiratory muscles, the hypertrophied myocardium
and the hematopoietic system contributes to this increase in the basal metabolic rate [6, 20].

Weight loss in patients with HF is marked by a disproportionate mobilization of muscle and fat tissue, protein degradation being
a major change in disease progression [21, 22]. The reduction of muscle mass is associated with intolerance to early exercise,
fatigue, less strength, and hence deterioration in quality of life [23]. The presence of undernutrition is an important predictive
factor for reduced survival of patients, regardless of important variables such as age, functional class and ejection fraction [6,24].
The incidence of undernutrition in HF is high and increases hospital mortality. Although related to complex mechanisms,
undernutrition in patients with HF is a reversible condition with serious nutritional assessment and monitoring, early detection
and proper diet [25].

Cardiac cachexia

Chronic diseases in general affect the nutritional status of the patient and undernutrition affects the course of chronic disease,
and this relationship is assessed according to both factors. Nutritional deterioration imposed by HF is classically known as cardiac
cachexia, whose presence has important prognostic implications [24,26,27].

Cardiac cachexia appears after years of progressive deterioration of the myocardial function [28]. The pathophysiological
mechanisms involved in the etiology of cachexia associated with HF have not been fully elucidated. It is suggested that this is a
multifactorial neuroendocrine and immunologic disease, wherein a complex balance between anabolic and catabolic processes
can cause weight loss in patients with HF [29].

It is important to differentiate cachexia from undernutrition or anorexia, which are reversible conditions with adequate food
intake, which hardly occurs in cachexia [30,31]. Undernutrition and anorexia are often considered as the main causes of cardiac
cachexia. However, these conditions predominantly produce the loss of adipose tissue while cachectic patients experience loss of
muscle mass, fat and bone mass, indicating generalized weight loss [3]. It was found that 68 % of HF patients have severe muscle
atrophy and when the disease is in an advanced phase a number of them develop osteoporosis [28].

The cardiac cachexia is characterized by the predominance of lean body mass loss, being caused by many factors, for instance
the malabsorption of fat, the increase of the catabolic catecholamines (norepinephrine, epinephrine, cortisol) and stages of alpha
tumor necrosis factor (TNF-a), as well as the reduction in the production of many anabolic components [32]. A large number of
mechanisms to compensate the defective myocardial function is activated to protect the heart and blood flow, leading to a complex
and chronic inflammatory state. The mediators involved in this process include proinflamatory cytokines, catecholamines, cortisol
proteins and natriuretic peptides [3,33]. The TNF-a activation induces the apoptosis through specific receptors in the cells surface
and activates protein degradation [34]. The TNF-a is partially responsible for decrease in blood flow to skeleton muscle tissue,
aggravating the endothelial dysfunction [35]. The proinflamatory cytokine Interleukin-6 (IL-6) engenders the acute phase response
[36], which maintenance requires an excess of essential amino acids provided at the expense of organism protein loss [37].

Experimentally, it was found that the development of cachexia may lead to additional cardiac changes and exacerbation of a pre-
existing framework of HF [3,38,39]. Moreover, the reduction of intestinal absorption is more evident in patients with cachexia,
especially fat absorption, and it is suggested that these changes are involved in its etiology [40].
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As a result of cachexia changes occur in practically all organs and systems. Among the repercussions are cardiac abnormalities,
abnormalities of the respiratory function, marked decrease in muscle and bone mass, reduced ability to concentrate and urinary
acidification, decreased wound healing, susceptibility to pressure ulcers in bedridden patients, changes in the gastrointestinal
tract, with reduced immunity and increased risk of infections [11] .

It can often be difficult to diagnose cachexia in patients with HF, as the presence of an edema affects the assessment of body weight
and other anthropometric measurements. Furthermore, the interpretation of laboratory nutritional assessment is also limited due
to the effects of excessive extracellular fluid [41].

In the absence of a consensual, universally accepted definition, some definitions are proposed for its diagnosis. Anker et al [24]
suggested a definition based on the applicability of simple, non-edematous, unintentional weight loss in the absence of other
consumptive diseases, 7.5% above the normal weight for longer than 6 months. Marked weight loss in a shorter period could be
related to the exacerbation of the disease itself and not to immune and neuroendocrine changes that characterize cachexia.

Subsequently, it was shown that reduction of 6% of the weight is related to poor prognosis, with this criterion adopted for diagnosis
[42]. At the Consensus Conference on Cachexia, in 2006, a group of experts proposed a definition based on the loss of greater
than 5% in less than 12 months during a chronic illness, or BMI < 20kg / m?, associated at least with three of the following criteria:
1) decrease in muscle strength, 2) fatigue, 3) anorexia, 4) reduced rate of fat-free mass and 5) biochemical abnormalities, such as
inflammation, anemia or reduced serum albumin concentration [30,31]. The prevalence of cachexia may vary depending on the
diagnostic criteria used and the functional class of HE. Studies have indicated percentages ranging from 16% to 34% [24,42].

Cardiac cachexia can lead to a devastating prognosis. After analysis of a survival curve 18 patients with HF in outpatient treatment,
an estimated mortality rate of 50% in cachectic individuals and 17% for those without this condition was calculated [14,24].

Obesity

The increase in BMI raises the risk of developing HF in both sexes and regardless of other risk factors [43,44]. This increased
risk conferred by obesity is attributed to hemodynamic adaptations to withstand intense adipose tissue metabolism and oxygen
consumption is increased [45]. Cardiac output rises at the expense of an increase in circulating blood volume, leading to a
chronically high state of preload, which favors the increase in ventricular dimensions [46].

Furthermore, there are evidences that a bigger fatty acids accumulation, as long as its heart muscle cells oxidation decrease,
process known as lipotoxicity, can occur more frequently in obese individuals. Lipotoxicity can lead to heart cells apoptosis,
besides functional change of the organ by affecting its contractility [47]. The fatty acids increase also contributes to the appearance
of insulin resistance [48], that as well as obesity, was identified as a predictor of heart failure [49].

The Framingham study that evaluated 5,881 patients showed a positive relationship between BMI and the incidence of HE,
indicating the increased risk of developing the disease in 5% to 7% for men and women for every one-unit increase in the value of
normal BMI. Another study found that obese individuals had a double risk of cardiac decompensation as compared to eutrophic
ones [43]. Estimates indicate that 15 to 35% of HF patients are obese and 30-60% are overweight [50].

However, although it is considered a risk factor and precipitant of HE, paradoxically, obesity has been identified as a predictor of
longer survival in patients with the disease, when compared to well-nourished or malnourished individuals [51-53]. This “obesity
paradox” or “reverse epidemiology” has been reported in other chronic conditions (nephropathy on dialysis, advanced age,
chronic obstructive pulmonary disease, liver cirrhosis, advanced cancer and acquired immunodeficiency syndrome [54,55] and
in several studies that evaluated patients with HE, but this remains controversial [51,55-58].

Patients who are overweight have fewer complications during hospitalizations, lower risk of sudden death and better short- and
long-term prognosis than normal and underweight individuals [59]. Oreopoulos et al. [60], in a meta-analysis to assess the
relationship between increasing BMI and mortality in patients with HE, reported that in nine observational studies with 28.209
individuals overweight and obesity were associated with lower mortality.

This protective effect conferred by obesity in HF is related to a greater energy reserve for patients who are vulnerably exposed to
catabolic changes and hormonal activation of stress systems. Therefore, being overweight or obese in HF may reflect the metabolic
reserves have not been used, providing more and better tolerance to metabolic stress caused by the disease [55,61]. Furthermore,
the adipose tissue produces receptors for tumor necrosis factor (TNF-a), resulting in an increase of these receptors in obese
individuals. This increase may have a cardioprotective role, neutralizing and / or reducing the catabolic effects of TNF- a [61].

Therefore, to control excess weight is beneficial to prevent the HE, but once this is installed, avoiding weight loss reduces mortality
[62]. There is evidence that weight loss in patients with HF is associated with disproportionate mobilization of muscle and adipose
tissue, with increased protein degradation [13,22]. There are still doubts about the benefit of maintaining a BMI above normal
limits, with no formal recommendations regarding the indication of weight loss or maintenance of high BMI for individuals with
HF overweight.
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Nutritional Assessment

Considering that the nutritional status represents a risk element for the HF occurrence while being a condition associated with
the disease development and progression, the nutritional assessment of those patients must be object of monitoring in order to
prevent the linked risks.

Despite the historical and secular entanglement between HF and undernutrition, is not yet defined what would be the best
parameter to express the nutritional status of patients with the disease. Nutritional diagnosis in these patients is particularly
hampered by the presence of water retention, which can mask the evaluation result. Anyway, the nutritional status of patients
with HF should be systematically assessed in the context of multidisciplinary care, the benefits of which are well established [10].

The BMI, a parameter routinely used to diagnose the nutritional status, has reduced sensitivity to certify the condition of severe
undernutrition among patients with HF [63]. The Mini Nutritional Assessment (MNA) has been identified as a useful tool for
identifying patients with HF at high nutritional risk [26].

The triceps skinfold (TSF) also appears to be adequate to express the adipose reserve method in these patients. A study that
evaluated the prognostic value of various anthropometric parameters (body mass index, subjective global assessment, TSF, waist
circumference and arm circumference) revealed that the TSF was the only parameter able to differentiate between survivors
and non-survivors and a prospective cohort of patients with HF [64]. The subjective global assessment is otherwise described as
reliable and more sensitive in patients with HF [65].

The bioelectrical impedance analysis (BIA) has appeared in some articles as a way to assess body mass in patients with HF,
but we question its validity in congested patients, whereas the extracellular fluid retention may overestimate fat-free mass [66].
The hydration status of these patients is variable and there may be a subclinical edema to compromise the body composition
analysis. However, the BIA could be useful for determining the phase angle (AF) obtained from measurements of resistance (R)
and reactance (Xc) that are independent of the hydration status of the patient. Although their biological significance is not fully
understood, the AF reflects the body cell mass, and for this reason it has been used as a nutritional indicator in adults and children
[67-69]. Furthermore, it is one of the best indicators of cell membrane function and lower values are associated with higher
morbibortality [68,69].

Thus, there are no well-defined criteria to determine the nutritional status in patients with HF, as there is a certain scale to grade
the different levels of organic impairment [13]. The literature indicates that no single method can accurately express the nutritional
status of patients with the disease, and the information obtained from multiple parameters is more integrative and complementary
[70,71].

Nutritional Recommendations

Nutritional care is currently accepted as an integral and indispensable part of the treatment of HF and seeks to improve the
nutritional status of the patient, aiming to replenish energy reserves, increasing skeletal muscle tissue and improving exercise
capacity [29,72]. Considering that the disease may be associated with nutritional deficits, prevention and early intervention
can improve the patient’s condition and prognosis of the disease [2,3,6,11]. However, these therapeutic measures need to be
individualized.

The HF is a syndrome with a high prevalence of multiple chronic comorbidities, but most guidelines are developed for patients
with a single disease. However, the coexistence of other diseases, such as arthritis, kidney failure, diabetes mellitus or chronic lung
disease, with the HF syndrome should require treatment modifications [73]. Moreover, one should consider the use of medications
such as diuretics and anticoagulants that interfere with the nutritional status of some nutrients. The use of loop diuretics may lead
to potassium, sodium and magnesium depletion in addition to hyperglycemia, hyperlipidemia and hyperuricemia [11,72]. The
anticoagulants, on the other hand, can cause both mucosal injury in several parts of the gastrointestinal tract and facilitate blood
loss through the digestive tract [74].

In addition to loss of nutrients, it has been found in some studies that patients with HF have inadequate intake of energy and
nutrients [75,76]. Therefore, the guidance and dietary prescription should be preceded by nutritional diagnosis [65] by the
available methods, including food history, and should not be restricted only to hydro - salt restriction [6].

If necessary, fluid restriction should be around 1000-1500 ml, and should always be made with patients with hyponatremia or
symptomatic ones, and for the latter, the monitoring of body weight should be done on a daily basis [5,11]. It is important to note
the appearance of fluid retention, which may be indicated by the sudden increase of two or more kilos in three days [72].

Calories and Macronutrients

For the calculation of energy needs, the practical method is recommended (calorie/kg dry weight/day), considering the nutritional
status of the patient, and should be used around 25-30 kcal/kg/day) [6,14,77]. Previous studies indicate 28kcal/kg weight for
patients with adequate nutritional status and 32kcal/kg weight for nutritionally depleted patients [22,72]. Energy requirements
may also vary according to the functional class of HE Patients in functional class III and IV show increased basal metabolic rate
around 18%, compared with healthy subjects [19,72].
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The distribution of macronutrients in the diet does not differ much from the general population (Table 1). However, in relation
to protein intake, patients with HF have higher requirements than the general population, ranging from 1.1g/kg dry weight/day
for patients with normal to 1.5-2.0g/kg dry/day for malnourished patients with cardiac cachexia or showing losses because of
nephropathy and / or intestinal malabsorption [10,11,14,22].

For patients with cardiac cachexia an energy intake of 40 to 50 calories/m? body/surface time (about 30 to 40 calories/kg/day) has
been proposed, including 1.5 -2g protein/kg/day [3,29].

It is important to be cautious with hypo- or hyperalimentation. Excessive intake of energy is related to increased physiological
stress and with elevated plasma concentrations of catecholamines and insulin, resulting in increased reabsorption of sodium and
water, and liver dysfunction, worsening HF [11,29,78]. The energetic substrates excess obtained by hypercaloric or unbalanced
diets can contribute in certain occasions to the HF development and progression, through mechanisms related to glucotoxicity
and lipotoxicity [79].

Energy a'n el fnac.ronutrlent Recommendation Authors
distribution
Energy 28 to 32 kcal/kg weight Bocchi, 2009 [72]; Aquilani et al., 2003 [22]
Bocchi, 2009 [72]; Berry e Clarck, 2000 [2];
0 %

byl 0 SbRHEHETT Heart Failure Society of America, 2006 [80]

Lipids 30 to 35% of VCT Bocchi, 2009 [72]; Heymsfield et al., 1981 [81]
Proteins 15 to 20% of VCT Bocchi, 2009 [72]; Quinn et al.& Askanazi, 1987 [82]
(1,1g to 2,0g/kg/day) Hernandez 2012 [14]; Aquilani et al., 2003 [22]
Relation cal/g of N** 120 a 160: 1 Quinn & Askanazi, 1987 [82]

* VCT = total caloric value ; **calorie/gram of nitrogen

Table 1: Distribution of energy and macronutrients in the diet for individuals with HF

We recommend limiting the intake of saturated fats, trans fats, dietary cholesterol (<200mg daily) and simple sugars [14,72].
Furthermore, it should be oriented the increased intake of mono- and poly-unsaturated fats, proteins of high biological value
and complex carbohydrates with low glycemic response [14,72]. Hyperglycemia leads to changes in the redox system, increases
oxidative stress and decreases the availability of nitric oxide, resulting in endothelial dysfunction; these effects are magnified in
individuals with HF [83].

Omega 3

Supplementation with omega 3 comes as an adjunctive therapy for HF and is recommended by guidelines for the treatment of the
disease [1,72,73]. Studies suggest that supplementation of polyunsaturated omega-3 fatty acids may improve ventricular systolic
function, increase functional capacity, decrease the number of hospitalizations, reduce inflammatory markers and the incidence
and mortality of HF [79,84,85].

In a prospective cohort study with a follow-up of 12.7 years, 52,972 Japanese people of both sexes aged 40-79, there was a lower
mortality rate from all cardiovascular causes among individuals with higher consumption of foods rich in omega 3, even lower for
patients with only HF [85]. In the GISSI - HF study [86], which included 6,975 patients, 1g of omega 3 added to optimized therapy
resulted in a 9% reduction in mortality. An intake of omega-3-rich foods at least twice a week such as fish would be recommended
[14,77].

Micronutrients

The deficiency of micronutrients, such as selenium, thiamine, calcium, magnesium, zinc and vitamin D [6,14,72,87-89], is
common in patients with HF and its causes seems to be multifactorial, among which prolonged use of diuretics, low dietary
intake and increased nutrient losses are related [14,72,73]. Among the benefits observed in studies evaluating the impact of the
supplementation of micronutrients’ complexes in these patients, there is a greater exercise tolerance and reduced symptoms [14].

Witte et al [90], in a controlled double blind clinical trial to assess the impact of vitamin and mineral supplements in patients with
HF with a percentage of ejection fraction of the left ventricle (%LVEF) <35% , found that when receiving a capsule with high doses
of calcium, magnesium, copper, selenium, riboflavin, folate, vitamins A, B6, B12, C, D and E, and coenzyme Q10, patients showed
a decrease in ventricular chambers, improved by 5.3+1.4% in %LVEF and quality of life scores compared to the control group that
received placebo (p<0.05).

Therefore, supplementation of some micronutrients would be prudent, particularly for patients with chronic use of diuretics,
who become deficient in water-soluble vitamins, especially thiamine, and some minerals, including potassium and magnesium,
calcium, zinc e selenium [11,15,18]. Although the results of several studies suggest that supplementation of some micronutrients
is likely [87,90], there is no consensus on specific recommendations on nutritional HF, revealing the need for more experimental
studies in this area.
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Sodium

Restricting sodium is commonly recommended for patients with HF by numerous authors and guidelines [5,91,92]. However,
controversial results on sodium restriction do not allow a further definition of the optimal amount of this nutrient in the diet
of patients with the disease. It seems consistent to consider its reduction only for patients in stages III and IV for symptom
improvement [5,11,72,73].

Diets containing 2g of sodium were associated with reduced intake of calories and nutrients. Restriction of salt intake to 3g only
benefited patients with advanced HF [93]. The use of salts of potassium chloride may be considered, with monitoring of serum
potassium in patients with renal disease and concomitant use of potassium-sparing diuretics [72].

Thiamine

Studies in Brazil showed that thiamine deficiency is observed in 30-33% of patients with heart disease [76,88]. In patients with HF,
it occurs mainly in people who are malnourished, elderly, and with a severe disease [15,94,95]. Vitamin B1 is a catalyst in many
chemical processes involving the heart, the nervous system and the muscles. Its deficiency is well documented in patients with HF
due to prolonged use of diuretics [75,76,96]. It is responsible for beriberi and high-output HE, reversible by restoration of serum
levels of the vitamin [97].

For decades it has been shown that chronic use of high doses of loop diuretics in patients with HF is associated with the depletion
of the thiamine reserves [15,98]. In one of these studies [88] a positive effect of spironolactone as sparing the spoliation of thiamine
induced by furosemide was observed. Another study [89] found that thiamine replacement caused an average 13% increase in left
ventricular ejection fraction, corroborated by other authors. Cunha et al [88] found in their study that thiamine deficiency was
not associated with protein-energy undernutrition, suggesting that we should consider the possibility of vitamin deficiency even
in eutrophic individuals.

Thiamine plays an important role in myocyte contraction, as demonstrated in experimental animal models [88]. It acts as a
coenzyme in energy metabolism [88,94], and its deficiency interferes with oxidative metabolism, favoring an accumulation of
pyruvate and lactate, which can aggravate HF [87,99]. Therefore, although the doses for thiamine supplementation in patients with
HF are not established [88], and there are no validated questionnaires for assessment of intake of this vitamin [95], supplementation
in these patients can be justified by the benefits mentioned above and must be considered, especially in those with alcoholic
etiology of IC. Being possible to suggest that values between the Recommended Dietary Allowance (RDA) and the Tolerable
Upper Intake Level (UL) be considered to the patients in long-term use of high diuretics doses.

Vitamin D

Studies suggest that cardiovascular diseases are associated with hypovitaminosis D [100-102], especially those with HF, considering
its limited activity, tendency to remain in the home environment, plus the lowest absorbency that commonly accompanies the
disease [75]. A deficiency of this vitamin can lead to hypertension and increased cardiomyopathy [100]. An experimental study
showed deterioration of myocardial contraction when patients are offered a diet low in vitamin D. Furthermore, it was found that
these animals returned to a normal function when there was a supplementation of this vitamin [15].

In India, the deficiency of this vitamin was very prevalent, with reported rates of between 70 and 100% [103-106]. It is
commonly accepted that the pro-inflammatory immune response as well as vitamin D deficiency precede the development of
HF [107]. Maintenance of normal serum vitamin D is important for the prevention and treatment of HF, justifying the need for
supplementation on the occurrence or risk of this [108,109]. Nevertheless, controlled studies are necessary to establish the ideal
dosage which benefits the HF patient.

Iron

In a meta-analysis that included 153,000 patients with HF there was a 37.2% prevalence of anemia [110]. Several factors are related
to the etiology in this group of patients, such as low food intake, decreased intestinal absorption, blood loss from the gastrointestinal
tract, abnormalities in the production of red blood cells, worsening renal function, chronic inflammation, hemodilution and use
of medications [75].

Anemia reduces the oxygen supply to the tissues, causing decreased renal perfusion and marked neurohormonal stimulation, and
exacerbates the signs and symptoms of HE, such as loss of appetite, fatigue, edema and ischemia [9,111].

There is a pathophysiological interrelationship between anemia, renal dysfunction and HEF, featuring the cardio-renal-anemia
syndrome, in which the three components form a vicious cycle in which each one is capable of causing or overstimulating the
other [112,115]. The correction of anemia in HF translates into an improvement of the cardiac function (increased cardiac output,
decreased left ventricular mass, prevention of left ventricular dilatation, improvement of NYHA functional class and myocardial
ischemia) and renal function [115-117].
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Although controversial, the specific treatment of anemia involves the correction of nutritional deficiencies and the use of
erythropoiesis stimulating agents [75]. The replacement of intravenous iron may improve symptoms. The recommended dose
is one ampoule of iron per week for ten weeks, or two ampoules every other week for five weeks, by monitoring monthly rates
of hemoglobin/hematocrit and quarterly ferritin levels. The practical formula to calculate the total iron dose (in mL) is: N (ml)
= [(weight in kg x 2.4 x Dhb) + 500 mg]/20, where N=amount of iron in mL to be administered intravenously; Dhb=difference
between the desired and found hemoglobin; 500 mg=required reserve of iron [9,117].

Antioxidants

Patients with HF have elevated oxidative stress resulting from increased production of free radicals or depletion of endogenous
antioxidants [87,118]. Use of antioxidants as an adjuvant therapy for patients with HF is tentatively discussed in guidelines for
treatment [72,73].

HF patients have lower plasma selenium levels than healthy individuals. Selenium is an essential mineral for the synthesis of
glutathione peroxidase and its deficiency has been identified as a cause of non-ischemic HF [87]. As zinc, manganese, copper, and
some vitamins such as C and E and riboflavin, selenium is an antioxidant that can contribute to the reduction of oxidative stress
and damage caused by it, while minimizing the deleterious effects of hypoxia [75,87].

Magnesium levels may also be decreased in patients with HF in 30% of cases [83], accompanied by muscle deficiency of this
mineral, which may contribute to the symptoms of fatigue [15]. Hypomagnesemia can cause cardiac arrhythmias and decreased
glucose tolerance in patients with HF [119]. Also, it is associated with poor prognosis and can cause positive balance of sodium
and potassium [83].

HF has also been linked to zinc deficiency by urinary loss, gastrointestinal edema or low protein intake [75]. This micronutrient
is part of the copper-zinc superoxide dismutase complex, capable of purifying the cell from free radicals [83]. Its deficiency can
lead to decreased perception of taste, loss of appetite, immune abnormalities, delayed wound healing and increased susceptibility
to developing pressure sores [75].

Vitamins C and A can also mitigate the damage by hypoxia and endothelial apoptosis in patients with HF [14,29,83].

Nutritional therapy in HF

The indication for enteral nutrition for patients with HF is not specific, and should be considered, as with other pathological
conditions, when oral feeding is impossible or when the individual cannot eat enough to meet 65% of their nutritional needs
[29,78]. It has to be recommended as a strategy for prevention or treatment of cardiac cachexia [6,23].

The use of feeding tubes should start with small volumes, gradually progressing and avoiding fluid overload [11,28]. Na terapia
nutricional do paciente com IC é importante evitar a sobrecarga hidrica [11,28]. Formulas with a higher caloric density (1,5 a 2
cal/ml) should be used by enteral route in order to match the necessities in a lower volume. Fluid balance should be monitored
and, in general, fluid restriction is indicated (1-1.5 liters/day)[28]. Seen in these terms, the formulas should also contain a high
concentration of proteins per liter. In patients that need a less than 1 liter per day water restriction, special attention must be given
to the micronutrients necessity. In case they do not meet the RDA, they should be supplemented.

Parenteral nutrition should be instituted when the gastrointestinal tract is not functioning or to supplement enteral nutritional
support [29]. One should be careful with hyperalimentation, which can lead to cardiac decompensation [11,29,78]. Since patients
with heart failure have low tolerance to the administration of large volumes, parenteral nutrition through a central venous access
is used more often than peripheral access. It allows infusion of concentrated hyperosmolar solutions in lower volumes [11].

In this context, we highlight the need for a multiprofessional and interdisciplinary team in purpose of obtaining effective results.

Conclusion

Undernutrition is often associated with HF, especially in the later stages of the disease, and may chronically reach cardiac cachexia,
a severe manifestation related to a worse clinical prognosis. The HF progression and its drug therapy at the diagnosis, even for
eutrophic patients, leave them at potential risk of nutritional impairment and micronutrients deficiency, highlighting the need
for systematically assessment of the nutritional status of those individuals in order to establish individualized and appropriate
nutritional guidance.

For the nutritional recommendation of proteins, carbohydrates and lipids there are already specific guidelines, but not for vitamins
and minerals. Studies step toward the need for micronutrients supplementation above the RDA to ensure the micronutrients
support and address the enhanced losses, however it has only being established the quantities for iron supplementation.

Notwithstanding that is well pointed out by the literature the relevance of the HF nutritional monitoring, many studies will still be
needed to formulate specific micronutrients dosage guidelines in the HF nutritional therapy.
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