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 Chronic Heart failure (HF) may be associated with 
cardiac cachexia characterized with weight loss as well as 
with nutritional deficiency [1-4]. The increased oxidative 
stress in chronic HF attempts to consume various nutrients 
present in the cardiomyocyte as well as endogenous 
antioxidants. Vitamin C, E and beta carotene, as well as 
coenzyme Q10 are potential antioxidants for protection 
against oxidative stress developed in HF patients [1-5]. The 
increase in homocysteine due to oxidative stress, is 
antagonized by vitamins; B6, B12 and folic acid. The 
decrease in magnesium and potassium due to long term 
diuretic therapy in HF which can predispose 
arrhythmiogenesis, leading to rhythm disturbances and 
sudden cardiac death [3-5]. L-carnitine, cysteins and taurine 
amino acids are also reduced in chronic HF and their 
supplementation may be protective [6-8]. It seems that these 
nutrients can be administered as nutraceuticals among these 
patients with chronic HF. 

 Apart from above micronutrients, calcium, selenium, 
zinc, thiamine, vitamin D and omega-3 fatty acids may play 
a more important role than previously thought [1-9]. 
Increased concentration of aldosterone and chronic use of 
loop diuretics increase urinary excretion of calcium and 
magnesium, leading to arrhythmias and secondary 
hyperparathyroidism, which in turn depletes calcium from 
bone and drives calcium into cells, causing further increase 
in oxidative stress [8-12]. Vitamin D deficiency, can enhance 
the damage, which now appears ubiquitous in northern  
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latitudes. It is possible that supplementation of nutraceuticals 
and nutrient rich Mediterranean style diets may be protective 
against chronic HF [10-12]. 

MECHANISMS OF NUTRIENT DEFICIENCY 

 Clinical and experimental studies have demonstrated that 
following an injury to the cardiomyocyte during HF, an 
intense inflammatory response occurs and leads to further 
injury and progression of the cardiac dilatation and 
dysfunction in conjunction with nutrient deficiency [13-16]. 
The released cell debris such as extracellular ATP, during 
tissue injury induces conformational changes in the 
components of the inflammation; such as the cryopyrin 
NLRP3 which is a sensor protein and the (Associated Speck-
Like Protein Containing CARD (ASC); adaptor protein and 
triggers activation of caspase-1 and effector protein which 
are proinflammatory [15]. The underlying mechanism for 
nutritional deficiency as well as for clinical and biochemical 
manifestations of HF may be due in part, to neuro-humoral 
adaptations, such as activation of the renin-angiotensin-
aldosterone and sympathetic nervous systems by the low-
output state, which can contribute to the maintenance of 
perfusion of vital organs. In HF, catecholamine-stimulated 
contractility and increased heart rate can worsen coronary 
ischemia and heart rate variability resulting into arrhythmias 
and sudden cardiac death. Catecholamines, cortisol and 
angiotensin II, increase the free radical generation leading to 
oxidative stress which promotes the loss of myocytes by 
apoptosis [15, 16]. These mechanisms also induce 
maladaptive fetal isoforms of proteins involved in 
contraction, and hypertrophy, which might become worst in 
the presence of melatonin and nutrient deficiency [13-16]. 
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The increase in plasma angiotensin II enhances angiotensin 
II signaling which further enhances sympathetic nerve 
activity through actions on both central and peripheral sites 
during chronic HF. Angiotensin II signaling is enhanced in 
different brain sites such as the paraventricular nucleus, the 
rostral ventrolateral medulla and the area postrema leading to 
neuronal deficiency of omega-3 fatty acids, flavonoids and 
coenzyme Q10 which are rich in the cell membranes [11, 13, 
14]. Nutrient deficiency can cause increased adverse effects 
on these structures resulting into further imbalance in 
autonomic nervous system dysfunction, predisposing 
increased morbidity and mortality in chronic HF [13, 14]. In 
chronic HF, in peripheral regions, angiotensin II elevates 
both norepinephrine release and synthesis and inhibits 
norepinephrine uptake at nerve endings, which may 
contribute to the increase in sympathetic nerve activity and 
oxidative stress causing nutrient deficiency [15, 16]. It is 
possible that increased circulating angiotensin II can directly 
act on the central nervous system via the subfornical organ 
and the area postrema to increase sympathetic outflow. 
Inhibition of angiotensin II formation and its type 1 receptor 
has been shown to have beneficial effects in patients with 
chronic HF. It is possible that blocking angiotensin II type 1 
receptors can decrease sympathetic nerve activity and 
cardiac sympathetic afferent reflex when therapy is 
administered to the paraventricular nucleus [14, 15]. Such 
therapy may be either pharmacological or nonpharmaco-
logical. In addition to cytokines, the natriuretic peptides 
appear to be the most popular of the biomarkers to indicate 
severity and prognosis; either brain natriuretic peptide (BNP) 
or NT-proBNP [N-terminal fragment BNP]. The values of 
these differ; BNP usually runs in lower numbers and NT-
proBNP in higher numbers and majority of the drugs used 
for the treatment of HF lower NT-proBNP [4, 15]. Beta-
blockers, angiotensin-converting enzyme (ACE) inhibitors, 
angiotensin receptor blockers, spironolactone, coenzyme 
Q10 and diuretics all lower NT-proBNP. The sensing of 
danger signals by cryopyrin, the activation of caspase-1 and 
the processing and release of interleukin-1β (IL-1β) are all 
critical and modifiable steps in this process which worsen 
due to neuro-humoral  dysfunction [15, 16]. This 

biochemical process of HF may further worsen if there is 
coexisting deficiency of magnesium, coenzyme Q10, omega-
3 fatty acids, flavonoids, L-carnitine, taurine, antioxidants 
and vitamin B1 which appear to be important in 
cardiomyocyte remodeling [1-9] (Table 1).  

CLINICAL EVIDENCE 

 The potential role of nutrition in the modulation of 
autonomic nervous system in the management of HF appears 
to be very interesting. In HF, autonomic imbalance causing 
receptor alterations, may have profound effects on 
cardiomyocyte biology and function. Inhibition of the 
sympathetic drive to the heart through β-receptor blockade 
and increase in parasympathetic activity via vagal 
stimulation has become a standard component of therapy for 
HF with a dilated left ventricle because of their effectiveness 
in inhibiting the ventricular structural remodeling process 
and in prolonging life [16,17]. HF is the leading cause of 
hospitalization and deaths in all the countries of the world 
and cellular deficiency of nutrients appears to be important 
in these deaths, particularly during cardiac cachexia [1-9]. A 
recent study reported increase in inflammatory mediators; 
IL-G and TNF-alpha among 116 patients of HF indicating 
severity and prognosis among these patients [14]. In a 
randomized, controlled trial, among 62 patients with CHF 
with lower Co Q10 levels and low ejection fraction, it was 
reported for the first time that, treatment with CoQ10+L-
carnitine for 12 weeks can cause a marked reduction in IL-6 
and TNF-alpha in the intervention group without such 
changes in the control group (7.6±1.5 vs. 11.4±2.5 pg/ml, 
p<0.01) [7]. A twin study, comprising of 276 middle aged 
male twins, all twins underwent 24-hour ambulatory 
electrocardiogram (ECG) recording and fruit, vegetable and 
legume and nuts intake by food frequency questionnaire 
[17]. In all the subjects, time and frequency domain 
measures of HRV were calculated. After adjusting for energy 
intake, other nutritional factors, shared genes, and common 
environment, a 1-unit higher score for Mediterranean food 
intake was significantly associated with 3.9% to 13% higher 
time and frequency domain HRV parameters. Further 

Table 1. Nutritional mediators in congestive heart failure. 

Studies Nutrient 

Kumar et al, Acta Cardiol 2007(12) Coenzyme Q10 

Muzaffarian et al, Ann Intern Med 2011(22) Omega-3 fatty acids 

Singh et al, Brit Heart J, Amer Heart J 1976(6,7)  Magnesium 

Singh et al, Amer Heart J,1976,1982(8) Potassium 

Ito et al, Amino acids 2014;46:111-19 (6) Taurine 

Kumar et al, Acta Cardiol 2007(12) L-carnitine 

Witte et al 2001 (1) B1 and other B vitamins 

Singh et al, Nutr Res, 2014(submitted) Vitamines A,E, beta carotine 

Krasimira et al 2012 (16), Pittler et al, 2003(23) Flavonoids 

Witte et al, JACC 2001;37:1765-74.(1) Endogenous antioxidants, SODM, catalase, ceruloplasmin 
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controlling for known cardiovascular risk factors and use of 
fish oil supplements and medications did not substantially 
change the estimates, indicating that Mediterranean dietary 
pattern may be associated with higher HRV [17]. The effect 
of an alpha-linolenic acid and flavonoid rich diet on the 
circadian rhythm of cardiac events was studied among 1000 
high risk patients of CVDs [18]. There was significant 
decline in the cardiac events in the second quarter of 24-hour 
scale in the intervention group compared to control group, 
indicating that such diets can also act on suprachiasmatic 
circadian clock. Flavonoids appear to have independent 
beneficial effects on vascular, cardiac and neuronal functions 
[19]. Plasma phospholipid fatty acid concentrations and 
other cardiovascular risk factors were measured in 2735 
subjects in a cohort study. Plasma phospholipid EPA 
concentration was inversely associated with incident CHF; 
risk was approximately 50% lower in the highest versus the 
lowest quartile (hazard ratio [HR], 0.52 [95% CI, 0.38 to 
0.72]; P for trend = 0.001) [11]. Hawthorne extract which is 
rich in flavonoids has also been successfully used for 
treating chronic heart failure [12].  

 A randomized trial examined the effect of a combination 
of micronutrient supplementation on left ventricular function 
and quality of life in 30 elderly patients with stable systolic 
dysfunction (ejection fraction < 35%) due to coronary 
disease [10]. The patients were randomized to receive a 
combination of calcium, magnesium, zinc, copper, selenium, 
vitamins A, C, D, E, B6 and B12, thiamine, riboflavin, 
folate, and coenzyme Q or placebo. After a follow up of 9 
months, the treated group had reduced left ventricular 
volumes, increased ejection fraction (+5% p < 0.05) and 
improved quality of life scores without any alteration in the 
control group. The intervention contained 10 different 
micronutrients at doses ranging from 1/3 to 200 times the 
recommended daily intake. This small study offers some 
guidance as to which of these nutrients is essential or in what 
doses they should be given, but it does suggest the need for 
further investigation in this area. It is known that coenzyme 
Q10, omega-3 fatty acids and flavonoids work by activating 
nitric oxide release from the endothelium [1-12].  

 In patients with heart failure (HF), essential and non 
essential amino acid availability is declined, leading to 
abnormalities in cardiac and skeletal muscle metabolism, and 
eventually to a reduction in functional capacity and quality 
of life [6]. A prospective, open study evaluated the efficacy 
of the administration of a mixture of essential and semi-
essential amino acids in 13 patients with stable chronic HF. 
Patients received for three months a mixture of essential and 
semi-essential AAs (L-leucine, L-lysine, L-isoleucine, L-
valine, L-threonine, L-cystine, L-hystidine, L-
phenylalanine), thiamine, pyridoxine at the dose of 4 g twice 
a day. The primary endpoint was to evaluate the effects of 
AAs supplementation on exercise tolerance at 
cardiopulmonary stress test and 6-minute walk test (6MWT). 
Patients were evaluated at baseline and after a three months 
follow-up. Compared with baseline, peak VO2 (baseline 
14.8 ± 3.9 mL/minute/kg vs follow-up 16.8 ± 5.1 
mL/minute/kg; P = 0.008) and VO2 at anaerobic threshold 
improved significantly (baseline 9.0 ± 3.8 mL/minute/kg vs 
follow-up 12.4 ± 3.9 mL/minute/ kg; P = 0.002). Also the 
6MWT distance increased at three months (baseline 439.1 ± 

64.3 m vs followup 474.2 ± 89.0 m; P = 0.006). A trend in 
the reduction of end systolic volume index (EDVI) (baseline 
107.2 ± 34.6 mL vs follow-up 99.2 ± 34.3 mm; P = 0.071) 
was also observed.The study revealed that treatment with 
amino acids was safe, in patients with chronic HF and 
improved exercise tolerance but did not alter quality of life. 

 A randomized, controlled intervention trial examined the 
role of Mediterranean style, low caloric diet among 204 
intervention group and 202 control group patients with 
recent myocardial infarction [20]. After one year of follow 
up, there was a significantly lower patients with left 
ventricular strain (n=19 vs 34, 9 vs 16.8%,p<0.01), left 
ventricular hypertrophy (n=11 vs 24, 5 vs 17%,p<0.01) and 
NYHA class III and IV HF (n=8 vs 14, 4 vs 7%,p<0.05). 
Combined left ventricular hypertrophy and class III and IV 
heart failure (n=19 vs 42; 9.3 vs 20.8%,P<0.001) were 
significantly lower among patients receiving low caloric 
Mediterranean style diet compared to control group 
respectively. Ventricular ectopics were also significantly 
lower in the low energy experimental group compared to 
National Cholesterol Education Program (NCEP) low fat 
diet group (n= 17 vs 60, 8 vs 30%, P<0.001). At baseline, all 
these makers were comparable in the two groups. The Indo-
Mediterranean diet heart study, randomized 499 patients in 
the intervention group and 501 in the control group who 
were at high risk of cardiovascular disease (CVDs) [21]. 
After a follow up of two years, assessment of dietary intakes 
revealed that intervention group was receiving significantly 
greater amount of fruits, vegetables, legumes, walnuts and 
almonds as well as mustard oil which is rich in omega-3 
fatty acids. Cardiac complications such as left ventricular 
hypertrophy (n=25 vs 55, 5 vs 11%, P=0.0004), NYAH 
failure class III and IV (n=11 vs 35, 2.2 vs 7%,P=0.0003) 
were significantly lower in the intervention group compared 
to control. However, at baseline, these complications were 
similar in the two groups. In both trials, total cardiac events 
were significantly lower in the intervention group compared 
to control group. The Mediterranean style diets are rich 
sources of omega-3 fatty acids, flavonoids and essential and 
non essential amino acids which are known to have 
beneficial effects on neurons autonomic function [17]. These 
studies indicate that there is sufficient evidence to support 
that a large scale trial with multiple nutrients or 
Mediterranean style diet should be conducted to demonstrate 
their role in the management of autonomic dysfunction in 
patients with HF. 

 Nutrient deficiency has been observed among patients of 
hypertension, coronary artery disease, rheumatic heart 
disease, dyslipidemia, diabetes, obesity, genetic 
predisposition, viruses, and toxins which are major risk 
factors for HF [3-7]. The HF is characterized by evidence of 
cardiac systolic and/or diastolic dysfunction due to severe 
neurohumoral dysfunction and clinical signs of dyspnoea, 
palpitation, fatigue, and fluid retention in association with 
nutrient deficiency [4-7].  

 A recent study; PARADIGM-HF randomized > 8000 
patients with depressed LV systolic function, almost all of 
them were in NYHA class 2–3, to treatment with LCZ696 or 
enalapril on top of other evidence-based therapies [22]. 
Patients who received the novel agent compared with the 
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enalaprill group, showed 20% drops in cardiovascular death 
or HF hospitalization and in cardiovascular death as a solo 
end point (p<0.001 for both) over two to three years. All-
cause mortality also declined; 0.80% (p<0.001). Beyond this 
super angiotensin receptor-neprilysin inhibitor (ARNI), it is 
possible that repair of nutrient deficiencies by 
supplementation of CoQ10, L-carnitine, taurine, omega-3 
fatty acids as well as B1, antioxidant flavonoids, might 
further improve the prognosis among patients with HF [1-
12]. It seems that ARNI therapy combined with 
nutraceuticals or Mediterranean style diet, may be an 
additional approach for providing greater benefit because, 
repair of nutrient metabolism in the cardiomyocyte appears 
to be quite important. A therapeutic agent may be highly 
bioavailable but may not be bioactive, which may depend 
upon underlying disease process and biological status of 
myocardium, hence the efficacy could be enhanced by 
nutrient rich Mediterranean diet and mixture of 
nutraceuticals [8,9,15]. Beyond this therapy, Krasimira et al 
have reported a circadian twist in echocardiographic 
myocardial function, indicating that time adjusted therapy 
may be more potential in the management of HF because 
bioactivity of a therapy depends on circadian activity of the 
disease process [23].  

 In brief, it is possible that eating a prudent diet; fruits, 
vegetables, walnuts, legumes and flex seeds which are rich 
in micronutrients can be protective in patients with chronic 
heart failure. A package of micronutrient nutraceuticals, may 
also provide protection which needs further studies. 
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