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Abstract

Heart failure (HF) is the most common cause of death in subjects over 65 years old. Despite the new phar-

macological and non-pharmacological developments, HF remains a challenge for physicians word-wide. There

is a high correlation between the components of metabolic syndrome (MS) and the incidence of HF, but the

mechanisms through which these cluster of factors influence HF is still under debate; furthermore in chronic,

advanced HF, obesity and arterial hypertension have paradoxical effects, being associated with better outcomes.

In this article, will be revise the role of each individual risk factor for the development of HF with a focus on

the therapeutic windows for major adverse cardiac events reduction. HF is also highly associated with various

nutritional deficits that may influence the overall outcome; some of the most important nutritional deficits will

be discussed related to the impact of diet supplementation in HE.
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Introduction

Despite the development of pharmacological and
non-pharmacological treatment in the last decade,
the management of heart failure (HF) is still a chal-
lenge, reflected both in the high rate of rehospitaliza-
tion for HF with increased mortality and morbidity,
as well as in its prevalence, representing the most
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common cause of death in individuals over 65 years
of age [1]. Metabolic syndrome (MS), which includes
in its definition a cluster of cardiovascular risk
factors, such as insulin resistance, arterial hyper
tension (HT), lipid abnormalities and obesity, has
a high prevalence in subjects with HE. Over time,
the definition of MS knew various changes from
the initial one formulated in 1998 by World Health
Organization [2]little has been changed since that
time. There is however considerable new knowledge
regarding the aetiology of different forms of diabe-
tes as well as more information on the predictive
value of different blood glucose values for the com-
plications of diabetes. A WHO Consultation has
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therefore taken place in parallel with a report by an
American Diabetes Association Expert Committee
to re-examine diagnostic criteria and classification.
The present document includes the conclusions of
the former and is intended for wide distribution
and discussion before final proposals are submitted
to WHO for approval. The main changes proposed
are as follows. The diagnostic fasting plasma (blood
sustaining that MS should be defined in subjects
with type 2 DM or modified fasting glycemia or im-
paired glucose tolerance plus any two of the follow-
ings: high-density lipoprotein-cholesterol (HDL-C)
<40 mg/dl in men and <50 mg/dl in woman and/
or triglycerides >150 mg/dl; body mass index >30
kg/m? or index waisthip >0.9 in men and >0.85
in women; arterial hypertension (HT) >140/90
mmHg. From this initial definition, the criteria for
MS were changed, in 2001 the National Choles-
terol Education Program (NCEP) Adult Treatment
Panel III (ATP III) [3] defined SM if three or more
of the following criteria were met: HT >130/85, tri-
glycerides >150 mg/dl, HDL <50 mg/dl in women
and <40 mg/dl in men, waist circumference >40
inches in men, >35 inches in women and fasting gly-
cemia >110 mg/dl. The NCEP-ATP III is one of the
most widely used definition, as it incorporates all
the central components of MS and does not require
a specific criterion to be present. Also newer defini-
tions from the Joint Interim Statement, require at
least three criteria very similar with those from the
NCEP-ATP III 2001 with one exception, the waist
circumference thresholds were lowered both in men
and women [4]which occur together more often
than by chance alone, have become known as the
metabolic syndrome. The risk factors include raised
blood pressure, dyslipidemia (raised triglycerides
and lowered high-density lipoprotein cholesterol.
One remark should be made concerning the omni-
presence of HT in all definitions over time.

The progression of HF as well as, fatal and
non-fatal adverse cardiovascular events are highly
correlated with MS, but the mechanisms relat
ing MS with HF are unclear. It is still uncertain
whether MS independently predicts cardiovascular
prognosis or rather reflects the individual impact
of each distinctive risk factor included in its defini-
tion. It is not surprising that 45-years-old subjects
that did not have any of the following risk factors:
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obesity, HT or diabetes mellitus (DM) lived on av-
erage 35 years longer with no signs and symptoms
of HF compared to those having one or more of the
risk factors mentioned [5]. In addition to MS, there
are other metabolic factors that can influence or
induce HF, such as: hemochromatosis, hyperurice-
mia, L-carnitine, taurine, coenzyme Q10 (CoQ10),
vitamin Bl or vitamin D deficiency, etc.

Impact of metabolic syndrome
components on the incidence and
prognosis of HF

Insulin resistance, hyperglycemia

and diabetes

Patients with DM type 2 have a high risk of
developing HF, either with conserved or reduced
left ventricular ejection fraction (LVEF), compared
to the non-diabetic population. While the associa-
tion between mortality and HbA1_level in diabetic
patients with HF seems to have a UAform in some
studies, with the lowest mortality in those with
HbA, of about 7%, in others it is associated with
an increased risk of death and hospitalization for
HF regardless of HbA1 . If initially diabetic cardio-
myopathy was used as a general term to describe
LVEF dysfunction in the absence of coronary heart
disease (CHD) or HT, today the term is used more
broadly and refers to the description of myocardial
vulnerability in individuals with DM. One study
shows a 44% incidence of type 2 DM in patients
with HF decompensations [6]we assessed temporal
trends in diabetes prevalence among patients with
HF and in subgroups with reduced ejection fraction
(HFrEF; EF < 40%. Twenty percentage of patients
with DM will develop HF, independently of other
causes, such as diastolic dysfunction, compared to
only 10% of those without DM [7]. The risk of HF is
increased even in minor alterations of glucose regu-
lation; in a study that included over 18.000 patients
without DM, but at high risk for cardiovascular
events, one mmol /L increase in blood sugar was as-
sociated with a 1.23 rise of the risk for HF hospital-
izations. Metabolic imbalances are closely related to
the pathophysiology of HF, with insulin resistance
occurring in 60% of patients with HF. DM can con-
tribute by various mechanisms to the development
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of HF: abnormalities of cardiac contractile proteins,
relaxation dysfunction, modifications of energetic
substrate, cellular injury, microvascular dysfunction
and neurohormonal changes with hyper-activation
of sympathetic tonus. Hyperglycemia increases the
synthesis of hexosamines and polyols, formation of
glycation products, overexpression of protein kinase
C with increased oxidative stress and superoxide.
Advanced glycation products increase arterial rigid-
ity and reactive oxygen species leading to apoptosis
and global cellular dysfunction [8]. Intracellular glu-
cose transportation is reduced at myocardial level
in DM due to the decrease of glucose transporters,
GLUT 1 and GLUT 4, resulting in an increase of
free fatty acids consumption and consequently,
disproportionate demand for oxygen at mitochon-
drial level with decoupling of oxidative phosphory-
lation. Altered expression of myosin isoforms with
predominance of fetal beta-myosin reduces myo-
fibrillar adenosine-triphosphate (ATP)-dependent
activities with abnormal calcium transportation
and thus, calcium cell overloading. Abnormalities
of microcirculation pinpointed by decreased endo-
thelium-mediated flow reserve in DM patients can
contribute to the development of HF by inducing
repeated myocardial ischemia. Increased levels of
G-protein-coupled receptor kinase 2, a protein that
plays a role in cardiac beta-desensitization, have
been identified in patients with HF and DM com-
pared to non-diabetics [9].

Certain old classes of oral antidiabetics are not
recommended for patients with HF and DZ, includ-
ing: thiazolidinediones as these increase the risk of
HF by hydro-saline retention and weight gain, di-
peptidyl-peptidase inhibitors 4, which rises the risk
of HF hospitalizations [10] or sulfonylureas, which
increase mortality, probably through inhibition of
myocardial preconditioning, hypoglycemia and HT
[11]. Until recently, no drugs could destroy the par
adox that although DM increased cardiovascular
disease, its treatment was not associated with a reduc-
tion in risk, but nowadays there are oral antidiabetic
drugs that have been shown to lower cardiovascular
and HF risk in the same time with hyperglycemia.
The two classes of anti-diabetic drugs that proved
to have beneficial cardiovascular effects are: inhibi-
tors of type 2 Na-glucose transporters (SGLT2i) in-
ducing glycosuria with many beneficial effects on
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cardiovascular system and glucagon-like peptide-1
receptor agonists (GLP-1R). Empagliflozin, one of
the SGLT2i, reduced cardiovascular mortality and
HF hospitalizations in the EMPA-REG trial [12],
with similar effects being found in another class
representative, canagliflozin [13]body weight, and
albuminuria in people with diabetes. We report the
effects of treatment with canagliflozin on cardio-
vascular, renal, and safety outcomes. METHODS:
The CANVAS Program integrated data from two
trials involving a total of 10,142 participants with
type 2 diabetes and high cardiovascular risk. Par
ticipants in each trial were randomly assigned to re-
ceive canagliflozin or placebo and were followed for
a mean of 188.2 weeks. The primary outcome was
a composite of death from cardiovascular causes,
nonfatal myocardial infarction, or nonfatal stroke.
RESULTS: The mean age of the participants was
63.3 years, 35.8% were women, the mean duration
of diabetes was 13.5 years, and 65.6% had a history
of cardiovascular disease. The rate of the primary
outcome was lower with canagliflozin than with
placebo (occurring in 26.9 vs. 31.5 participants per
1000 patientyears; hazard ratio, 0.86; 95% confi-
dence interval [CI], 0.75 to 0.97; P<0.001 for non-
inferiority; P=0.02 for superiority. GLP-IR agonists
are oral antidiabetic drugs that favor, among others,
weight loss with reduced risk of hypoglycemia, but
clinical trials had uncertain results referring to their
usefulness in HF patients, although in patients with
type 2 DM and high cardio-vascular, liraglutide may
be a valid option for the prevention of cardio-vascu-
lar events [14].

Glucotoxicity and lipotoxicity

The metabolic disorders that occur in uncon-
trolled DM increase the number of ketones, fatty
acids and glucose. The inability of the myocardium
to process these substrates induces mitochondrial
dysfunction, which ultimately leads to the accumula-
tion of toxic intermediary products with myocardial
injury by activation of aberrant signaling pathways
[15]. Recent studies show that hyperglycemia modu-
lates the expression of myocardial genes by epigene-
tic mechanisms or direct activation of transcription
factors [16]. Through a similar mechanism, lipotox-
icity exerts myocardial injuries, demonstrated both
in vitro [17] and in vivo [18].
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Arterial Hypertension

HT is the most prevalent modifiable risk fac-
tor of HF, favoring the development of LV hyper-
trophy and CHD. In the initial stages of HT, LV
function is not affected, until mechanical stress
following the increase of intraventricular pressure
induces abnormal levels of cytokines and growth
factors leading to LV hypertrophy and progres-
sion towards HF. The progression of HF is char
acterized by changes in the extracellular matrix,
diastolic dysfunction and extensive myocardial fi-
brosis with remodeling, dilation and, finally, LV
dysfunction. Cardiac remodeling during pressure
overload consists of concentric LV hypertrophy,
while remodeling in volume overload leads to ec-
centric hypertrophy. When the pressure overload
is sustained, diastolic dysfunction develops with
concentric remodeled LV and HF with preserved
LVEF. The final stage of hypertensive heart dis-
ease, usually a combination of pressure and volume
overload, is dilated cardiomyopathy with reduced
LVEEF, with the mention that diastolic dysfunction
is far more common than systolic LV dysfunction.
It is important to note that isolated diastolic dys-
function is a prevalent cause of acute cardiogenic
pulmonary edema, even in the presence of a pre-
served LVEF [19]. A lot of studies have showed the
benefic effects of antihypertensive treatment for
the prevention of HF in the population of hyper-
tensive subjects [20,21]. Although HT is a trigger
for HF, the increased values of systolic arterial ten-
sion in those with HF are paradoxically associated
with a protective effect and increased survival, nu-
merous studies showing that increased systolic arte-
rial tension is associated with fewer cardiovascular
events. McAlister explained the beneficial effect of
beta-blocker therapy in HF, as that the decrease of
ventricular heart rate is associated with an increase
of central arterial tension, a phenomenon also en-
countered in the case of ivabradine [22].

Lipid abnormalities

Decreased HDL-C and increased triglycerides
are plasma abnormalities included in the definition
of MS. Considering the protective effect of HDL-C
for the cardiovascular system such as anti-inflamma-
tory, anti-oxidant and maintaining normal endothe-

lial function, it can be deduced that low HDL-C is
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associated with increased risk of HF. However, the
beneficial effect of all HDL-C molecules has been
questioned by recent studies. Plasmatic HDL-C is a
heterogeneous group of particles build on the sur
face of Apo-Al with different biological structure
and activity, due to their different content in cho-
lesterol transporters and receptors [23]to mere bio-
marker status. HDL is slowly emerging from these
dark times due to the HDL flux hypothesis wherein
measures of HDL cholesterol efflux capacity (CEC.
Two studies, IDEAL and EPIC, showed that HDL-C
levels >70 mg/dL and HDL-C particles greater than
9.53 nm were associated with a higher cardiovascu-
lar risk, while ApoA-I remained a protective factor
that reflected more accurately the decrease in cardio-
vascular risk compared to HDL-C [24]. In fact, the
nature of HDL-C components is essential to appre-
ciate the detrimental or benefic effect. For example,
ApoA-l containing the 2-OH-Trp72 group is associ-
ated with pro-atherogenic processes at the arterial
level [25]. Furthermore, glycation end-products may
affect the function of HDL-C, a factor contributing
to atherosclerosis acceleration in type 2 DM [26], or
in SM, due to the decreased antioxidant capacity,
HDL-C become dysfunctional [27]atherogenic dys-
lipidemia, oxidative stress, and elevated cardiovas-
cular risk and frequently involves subnormal levels
of high-density lipoprotein (UDL. The myocardial
accumulation of lipids in the form of intermediate
products interferes with the anti-oxidative and re-
parative processes favoring HF development [28]
as free intra-cardiac fatty acids deposit under the
form of triglycerides is a source of toxic bio-prod-
ucts that impair myocardial beta-oxidation capacity
[29]. Despite the fact that low HDL-C and increased
high-density lipoprotein- cholesterol (LDL-C) are
associated with increased cardiovascular disease,
there is a “cholesterol paradox” as HF pacients with
low total cholesterol tend to have poorer outcomes
compared with those with normal or higher choles-
terol. Baseline cholesterol is pinpointed as a strong
predictor of HF mortality and rehospitalizations
[30]. Cholesterol lowering therapy is associated with
HF reduction only in CHD, while there are no evi-
dence that this have a role to prevent non-ischemic
HF. 2019 European guideline for dyslipidemia does
not recommend the initiation of statin therapy in
those with chronic HF and no other indication for
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their use, while in those already on statin treatment
the continuation should be considered [31]. There
are promising treatments arising such as propro-
tein-convertase subtilisin/kexin type 9 (PCSK-9)
inhibitors, as one study finds a positive correlation
between circulation PCSK-9 and worsening HF [32].
Future studies are needed to investigate if PCSK-9
inhibitors could lead to HF improvement.

Obesity

Although obesity is a recognized cardiovascu-
lar risk factor, there are meta-analyzes showing that
obesity can have a paradoxical protective effect in
patients with HF. Although there is a temptation to
explain this paradox only through the unfavorable
association between severe HF and cardiac cachexia,
this mechanism is not sufficiently comprehensive.
In one study, subjects with HF and MS but without
DM had the best survival rate compared with those
with MS and DM or with DM, but without MS [33].
From this results that insulin resistance, but not
obesity, is a risk factor for HE.

Impact of nutritional components on the
incidence and prognosis of HF

Cardiac hemochromatosis

Cardiomyopathy by iron overload defined by
systolic or diastolic dysfunction caused by increased
iron deposition into cardiomyocytes, becomes a
cause with increasing prevalence in patients with
thalassemia and hereditary hemochromatosis. With
the onset of HF, it has a rapid evolution towards
dilated cardiomyopathy with severe systolic dysfunc
tion. Constrictive pericarditis and cardiac tampon-
ade caused by myocardial iron deposition progress
to rapid clinical deterioration. Iron deposition also
occurs at the level of the entire conduction system, es-
pecially at the level of the atrio-ventricular node with
the appearance of complete atrio-ventricular blocks
and permanent cardiac pacemaker implantation.
Non-homogeneous iron deposition creates areas of
electrical inhomogeneity within ventricular or atrial
myocardium inducing tachy-cardiomyopathy. In pa-
tients with hemochromatosis and without anemic
syndrome, therapeutic phlebotomy is the treatment
of choice, starting from ferritin values greater than
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300 pg/1 in men and 200 pg/1 in women. The thera-
peutic phlebotomy consists of eliminating of 450 up
to 500 ml of blood per week to reach a ferritin level
of 1020 pg/1. In patients with anemia and severe HF
phlebotomy is not a therapeutic option, in these pa-
tients the treatment of choice being iron chelation
drugs, such as deferoxaine, deferiprone or deferasirox.
Cardiac transplantation is the optimal treatment in
cardiac hemochromatosis and severe refractory HE.
In patients with iron deposits secondary to myelodys-
plastic syndrome, sickle cell anemia, beta-thalassemia
or Diamond-Blackfan syndrome, hematopoietic stem
cell transplantation reduces the need for blood trans-
fusions and slows the rate of iron deposition, while in
those without compatible donors, gene therapy is the
ultimate, preferable therapy(34].

Vitamin B1 deficiency

Vitamin Bl acts as a coenzyme in the oxida-
tion-reduction reactions of glucose and citric acid, as
well as in the reactions with pyruvate dehydrogenase.
Beri-beri syndrome caused by vitamin Bl deficiency
is divided into wet beri-beri syndrome, when the
heart and circulatory system are predominantly af
fected, and dry beri-beri syndrome affecting mainly
the nerves which leads to hypotonia and in severe
forms to paresis. When the cardiovascular system
is affected, patients present with biventricular dys-
function, vasodilation, tachycardia and fluid reten-
tion. In developed countries, vitamin Bl deficiency
is extremely rare and correlates with malabsorption,
malnutrition or alcoholism, but a sub-clinical vita-
min Bl deficiency is relatively common in HF, con-
sidering diuretic treatment, malnutrition or frailty.
Vitamin Bl supplementation has beneficial effects
on cardiac function in those with HF as shown in
two randomized placebo-controlled studies where
vitamin Bl administration improved LVEF, diuresis
and quality of life [35,36]. But the existing studies
do not demonstrate a prognostic role to favor the
correction of vitamin Bl deficiency in HF, thus re-
quiring larger, multicenter, placebo-controlled trials.

Coenzyme Q10 deficiency

CoQI10 is a natural antioxidant synthesized or
supplemented by diet that acts at the level of the mi-
tochondprial electron transport chain from complex
1 to complex 3 and from complex 2 to complex 3,
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with three essential roles: cell membrane stabiliza-
tion, antioxidant effect and ATP production. To
these functions can be added that CoQI10 improves
the bioavailability of nitric oxide and reduces myo-
cardial fibrosis. A placebo-controlled, multicenter
study- Q-SYMBIO-compared adjuvant treatment
with CoQI0 with placebo in a HF population.
CoQI10 did not modify shortterm endpoints (NT-
pro-BNP, NYHA class or 6-minute walk test), but
significantly reduced composite endpoints: major
adverse cardiovascular events, as well as the rate of
HF rehospitalizations [37]. But this study should be
interpreted with caution because of the reduced pop-
ulation and small number of events with an annual
mortality of only 7%. Although there are numerous
studies showing the benefits of CoQ10, meta-ana-
lyzes with larger numbers of patients are needed to
clarify the conflicting results on major endpoints in
different studies. Regarding the doses of CoQI10,
most of the studies used 60 to 300 mg per day, for a
period of 3 months, with the longest administration
of 2 years in the above mentioned Q-SIMBIO study.
Few studies have investigated the role of CoQ10 in
HF with preserved LVEF; one of these evaluated
CoQI0 in patients with hypertrophic cardiomyopa-
thy and diastolic dysfunction showing improvement
in quality of life, NYHA class, 6-minute walk test
and diastolic dysfunction [38]Coenzyme QIO im-
proves the systolic function in heart failure. The aim
of this study was to see whether it benefits the dia-
stolic dysfunction in hypertrophic cardiomyopathy
(HCM, and other trial is still recruiting pacients [39]
the leading cause of morbidity and mortality in the
US, affects 6.6 million adults with an estimated ad-
ditional 3 million people by 2030. More than 50%
of HF patients have heart failure with preserved left
ventricular ejection fraction (HFpEF.

Vitamin D deficiency

Vitamin D plays an important role in bone min-
eralization and maintenance of optimal plasmatic
calcium. At the cardiovascular level, vitamin D mod-
ulates LV hypertrophy and improves endothelial
function by reducing atherosclerosis [40]. Observa-
tional studies have shown that vitamin D deficiency
is common in HF, as well as hyperparathyroidism, re-
gardless of kidney function or age. Another cause of
reduced plasma vitamin D levels in HF is increased
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level of TNF-alpha [41]. Different studies revealed
the correlation between low levels of vitamin D
and cardiovascular diseases [42,43]. Given the asso-
ciation with HF, randomized, placebo-controlled,
double-blind studies were performed to evaluate the
role of vitamin D supplementation in these patients.
The results of the studies were contradictory, some
of them showing no improvement of cardiac func
tion at least on short term [44], while others have
shown beneficial effects on LVEF function [45,46]
which are both associated with poor prognosis. Vi-
tamin D may inhibit renin transcription and lower
PRA. We investigated whether vitamin D3 (VitD3.
Although some of the aforementioned studies have
shown improvement in LVEF, this was not associ-
ated with the reduction of long-term mortality, more
precisely at 3 years, but instead, was associated with
a higher need for ventricular assist devices [47]. In
conclusion, vitamin D may be a target for improving
functional decline in patients with HF, but there are
insufficient arguments that it would have a definite
benefit on cardiovascular mortality and morbidity.

Creatine

Creatine is a molecule found in muscle, skele-
tal or cardiac, with the ability to store and transfer
large quantities of phosphates, its synthesis in liver
or kidney relying on other amino-acids. There are
few studies evaluating the role of creatine in HF
[48,49], and none provide sufficient arguments for
improving HF prognosis over standard therapy.

Amino acids

Amino acids are essential components of pro-
teins with an important plastic role in the structure
of muscles. In HF, the availability of amino acids is
reduced by malabsorption, hyper-catabolism in the
advanced stages and poor intake, which ultimately
leads to cardiac cachexia. Amino acid deficiency
favors the change of cardiac structure through
the transition from red muscle fibers with higher
utilization of ATP molecules, to white fibers, that
are less efficient in terms of mitochondrial ATP
utilization [50]73.5 + 4 years; BMI 22.5 + 14 kg/
m2. Some amino acids supplemented in HF have
shown beneficial effects on various cardiovascular
parameters, such as taurine and carnitine. Taurine
is a semi-essential amino acid that results from the
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decarboxylation of cysteine. At the cardiac level it
has an antioxidant role, regulating the function of
two essential proteins involved in the process of
coupling excitation with contraction: phospholam-
ban and sarcoplasmic reticulum Ca?*-ATPase. Some
studies have shown a beneficial effect of taurine in
HF by reducing NYHA class, improvement of ex-
ercise capacity and LVEF [51-53] they were mostly
male (26 of 29. In some countries, such as Japan,
supplementation with taurine is recommended as
part of standard HF treatment, although there is
no decrease of major adverse cardiovascular events
such as HF mortality or hospitalization after taurine
supplements. Carnitine derives from an amino acid
and exists in two biologically active isomers, L- and
D-carnitine, but only L-carnitine has a benefic ef
fect, as D-carnitine is toxic inhibiting the action of
the other isomer. In vitro [54] and in vivo [55], L-car
nitine supplementation resulted in improvement of
NYHA class and exercise tolerance in congestive
HF, mainly to the role of L-carnitine in muscle me-
tabolism. In a meta-analysis of randomized control
studies, L-carnitine ameliorated not only clinical

symptoms, but also LVEF [56] and survival [57].

Conclusions

MS and nutritional deficits interact to influence the
development or progression of HE. Only a broad
treatment touching each of the factors involved in
HF will assure a personalized, efficient care of the
disease. A complex disorder such as HF still needs fu-
ture research to answer the unsolved questions con-
cerning the metabolic and nutritional imbalances.
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