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Abstract
Heart failure (HF) and metabolic syndrome (MetS) are syndromes that affect a large 
proportion of the world population. MetS is known to be one of the risk factors of 
HF, and it can also act as comorbidity in HF. This review aims to further discuss the 
mechanism of MetS in causing HF, the management of MetS in order to prevent 
HF, and the management of MetS in HF patients. Visceral adiposity is the primary 
trigger of MetS which is followed by chronic inflammation, insulin resistance, and 
neurohormonal activation. All the mechanisms causing MetS play also an important 
role in the progression of HF. The MetS approach can be achieved by managing its 
components according to the current guidelines and careful management of MetS 
should be done in patients with HF. MetS is closely related to the progression of 
HF so that comprehensive management which involves a multidisciplinary team is 
necessary for managing patients with metabolic syndrome and heart failure. 
Keywords: chronic inflammation, insulin resistance, neurohormonal activation, 
visceral adiposity  

Introduction
Heart failure (HF) is a clinical 

cardiac syndrome that affected more than 
26 million of the world population [1]. 
The effort to prevent HF by controlling 
its risk factors before HF occurred need 
to be maximized because currently, no 
treatment can completely reverse or stop 
the progression of HF [2]. Metabolic 
syndrome (MetS) is a syndrome that 
affect, in our present days, many world 
populations due to sedentary lifestyle, 
overweight/obesity, and genetic factors 
[3]. The exact pathogenesis of MetS 
remained unidentified but it was 
suggested that the primary trigger to 
the syndrome was visceral adiposity, 
followed by insulin resistance, 
neurohormonal activation, and chronic 
inflammation [4]. MetS can be diagnosed 
with modified NCEP ATP III when 
fulfilling three or more criteria which are 
elevated waist circumference (>102 cm 
for men and >88 cm for women or >90 
cm for Asian men and ≥80 cm for Asian 
women), elevated blood pressure ≥130 / 

≥85 mmHg, elevated fasting triglyceride 
(TG) ≥150 mg/dl, reduced fasting high-
density lipoprotein (HDL) cholesterol 
level (<40 mg/dl for men and <50 mg/
dl for women), and elevated fasting 
blood sugar ≥100 mg/dl [3]. MetS and its 
component are involved as risk factors 
in HF development, while there is also a 
high prevalence of MetS components in 
patients with HF [5,6]. This review aimed 
to discuss the mechanism of metabolic 
syndrome in causing heart failure, the 
management of metabolic syndrome in 
order to prevent heart failure, and the 
management of metabolic syndrome in 
heart failure patients.

Metabolic syndrome as a risk 
factor of heart failure 

Several studies have mentioned 
that MetS was the risk factor for heart 
failure. In a study conducted by Wilson 
et al., MetS increased the risk for 
cardiovascular disease (CVD) and type 
2 diabetes mellitus (T2DM) in both men 
(RR=2.88, 95% CI 1.99 to 4.16) and 
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women (RR=2.25, 95% CI 1.31 to 3.88). Specifically, MetS 
was associated with the occurrence of more than one-third 
of CVD in men. However, in the study, CVD was defined 
broadly as the total events of stroke, intermittent claudication, 
and heart failure without mentioning the specific number of 
heart failure events [7]. The evidence of MetS being the risk 
factor of HF was further supported by a study in a large group 
of middle-aged men (n=2314) and a more specific outcome 
determining the relationship between MetS and HF. In 
multivariable Cox proportional hazard models adjusted for 
risk factors associated with HF including ECG finding of left 
ventricular hypertrophy, hypertension, diabetes, body mass 
index and smoking, the presence of MetS at the baseline was 
determined to be a significant predictor of HF (hazard ratio 
1.66, 95% CI 1.02 to 2.70) [8]. 

Tang et al. also confirmed the fact that MetS was 
an independent predictor of diastolic HF (DHF) and 
systolic HF (SHF) with p=0.049 in a study with a total of 
347 population. The study also found that beside MetS, 
hypertension was independently associated with DHF 
and SHF with p=0.028 [9]. On the other hand, the study 
conducted by Hoetama et al. on a smaller population (n=228) 
found that metabolic syndrome itself was not counted as 
a risk factor for congestive HF (CHF), but its component 
which are raised blood pressure (OR 6.82, 95% CI 1.47 
to 31.53, p=0.014), while impaired glucose tolerance (OR 
5.95, 95% CI 3.26 to 10.85, p=0.000) showed a significant 
relationship with CHF [10].

Mechanism of metabolic syndrome and its 
relation to heart failure

Visceral adiposity
Adipose tissue is known to passively store excess 

energy in the form of triglyceride, and it is classified 
according to the location it can be found; subcutaneous and 
visceral [11]. Visceral adiposity was found to be associated 
with a higher risk of developing HF in the black population 
in the Jackson heart study [12]. The finding was supported 
with the outcome of MESA study, a large multiethnic U.S. 
study, which found that visceral adiposity was independently 
associated with the incidence of hospitalized patients with 
heart failure preserved ejection fraction (HFpEF) [13]. 

Visceral adiposity was also specifically stated 
to become the primary trigger of MetS and included in 
one of the diagnostic criteria of MetS because visceral 
adipose tissue encoded more adipocytokines, also known 
as adipokines, compared to subcutaneous adipose tissue 
[11,14]. Plasminogen activator inhibitor type 1 (PAI-1) that 
is known to be a strong risk factor for thrombotic diseases 
including myocardial infarction was expressed highly in 
adipose tissue [11]. Myocardial infarction (MI) was known 
to be able to develop to heart failure. The incidence of HF 7 
years post-MI was recorded to be as high as 34.7% in 2596 
patients [15]. 

Beside PAI-1, aminopeptidase M1 (apM-1) was 

another gene that was found abundantly in adipose tissue 
and its homozygous TT genotype was associated with 
a higher incidence of MetS. Furthermore, apM-1 gene 
encoded collagen-like protein that was called adiponectin 
[16]. Adiponectin was negatively correlated with BMI and 
the correlation between adiponectin level was stronger 
with visceral adiposity than subcutaneous adiposity. High 
adiponectin plasma concentration was associated with 
insulin sensitivity [11]. Adiponectin level was decreased 
as the result of the accumulation of macrophages in the 
adipose tissue that released proinflammatory cytokines 
during the chronic inflammatory state and it affected insulin 
sensitivity causing insulin resistance [17]. Insulin resistance 
was causing the impairment of glucose uptake, impaired 
suppression of hepatic glucose production, and lipolysis. 
Impaired glucose uptake and impaired suppression of hepatic 
glucose production resulting in elevated fasting blood sugar 
levels, while impairment of lipolysis caused more free 
fatty acid in the circulation [18]. The decreasing level of 
adiponectin itself is also correlated with increased blood 
pressure and triacylglycerol, and decreased HDL-cholesterol 
[19]. The low plasma concentration of adiponectin was 
also causing hypertension by impairing endothelium-
dependent vasoreactivity [11]. Increasing renal sodium 
reabsorption was suggested to be the other mechanism that 
initiates hypertension in visceral adiposity. The increment of 
renal sodium reabsorption was caused by the activation of 
renin angiotensin aldosterone system (RAAS). RAAS was 
triggered by the compression of the kidney by visceral fat 
and the activation of the sympathetic nervous system (SNS) 
[20]. 

Chronic inflammation
Chronic inflammation process plays an important 

role in MetS. Mohammadi et al. found that serum IL-6 
and TNF-α levels were significantly higher in patients with 
MetS [21]. The elevation of proinflammatory cytokine can 
also be detected in patients with heart failure. Elevated 
proinflammatory cytokines such as; tumor necrosis factor 
(TNF)-α, interleukin (IL)-1, IL-6, galectin 3, soluble TNF 
receptor 1 and soluble TNF receptor 2 can be detected both in 
systolic heart failure and heart failure with preserved ejection 
fraction [22]. Furthermore, the elevated proinflammatory 
cytokine levels were also associated with the deterioration 
of functional class (New York Heart Association) and left 
ventricular ejection fraction [23].

TNF was able to provoke cardiomyocyte hypertrophy, 
activate neutral sphingomyelinase pathway that triggered 
apoptosis in isolated cardiomyocytes, and impair cardiac 
contractile function. TNF also induced the dilation of the 
left ventricle as a result of extracellular matrix degradation. 
The changes in the structure and function of the heart caused 
by TNF lead to the progression of heart failure [24]. IL-6 
was involved in causing myocardial hypertrophy and left 
ventricular dysfunction [25]. Several studies have suggested 
the role of IL-6 in the progression of heart failure including 
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its interaction with the vasculature and neurohormonal 
system to promote congestion, and its capability to reduce 
the phosphorylation of titin that caused the increased stiffness 
of cardiomyocyte [24,26].

Insulin resistance 
Two pathways are responsible in the signaling 

pathway of insulin which are phosphatidylinositol 3 kinase 
(PI3-kinase)/protein kinase B (Akt) that mainly produce 
metabolic response and mitogen activated protein kinase 
(MAPK) that has growth factor-like response [27]. PI3-
kinase/Akt pathway activated ligand-activated insulin 
receptor that phosphorylated insulin receptor susbtrate-1 
(IRS1). The phosphorylation of IRS1 activated downstream 
kinases that mediated several actions including the 
translocation of GLUT 4 to membrane. The translocation 
of GLUT 4 to membrane induces glucose uptake to the 
myocardium and skeletal muscle tissues, vasodilation with 
the help of nitric oxide, metabolic flexibility, and energy 
homeostasis [28]. On the other hand, MAPK pathway 
involving the tyrosine-phosphorylated IRS-1 in contributing 
to the growth and remodeling response. The response 
caused myocardial hypertrophy, cardiac fibrosis, impaired 
myocardial-endothelial signaling, and death of myocardial 
and endothelial cells [27]. Visceral adiposity altered the two 
pathways causing insulin resistance and insulin resistance 
impact the progression of HF through metabolic inflexibility, 
impaired calcium handling, mitochondrial dysfunction, 
oxidative stress, dysregulated myocardial-endothelial 
signaling causing energy deficiency, impaired diastolic 

dysfunction, myocardial cell death, and cardiac fibrosis [27]. 
A study conducted by Banerjee et al. showed that higher 
fasting insulin level was associated with the higher risk of 
HF incidence (HR 1.10, 95% CI 1.05-1.15). The study also 
found that fasting insulin was positively correlated with 
adverse echocardiographic features such as left atrial size, 
left ventricular mass, and alterations in transmitral velocity 
[29].

Neurohormonal activation 
The chronic activation of SNS and RAAS was one 

of the mechanisms that happened in MetS [20]. The chronic 
activation of the two neurohormonal systems caused a 
systemic effect that was harmful to the cardiovascular 
system. Two of the major systemic effect were the increase 
in blood pressure because of peripheral vasoconstriction 
and an increase in heart rate. The heart will compensate by 
increasing its contractility in order to meet cellular demand 
during the activation of neurohormonal systems [30]. The 
increase in contractility and heart rate lead to more energy 
demand, while in MetS, the energy produced was less 
than usual and the process was inefficient because of the 
switching from glucose metabolism to fatty acid oxidation 
(as a result of insulin resistance) [28]. Unable to compensate, 
cardiomyocyte hypertrophy occurrs and if the condition 
persists, remodeling may develop, and this process will 
progress to heart failure [31]. The relationship between 
visceral adiposity, chronic inflammation, insulin resistance, 
neurohormonal activation, metabolic syndrome, and heart 
failure is represented in figure 1.

Figure 1. The relationship between visceral adiposity, chronic inflammation, neurohormonal activation, insulin resistance, metabolic 
syndrome, and heart failure.
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Management of the metabolic syndrome in 
preventing heart failure

Optimal metabolic syndrome management can 
be achieved with optimal lifestyle management and drug 
therapy. Diet, physical activity, and emotional regulation 
are part of lifestyle management, while drug therapy should 
focus on visceral adiposity, hypertension, hyperglycemia, 
and dyslipidemia [32]. As mentioned above, MetS was 
initiated by a sedentary lifestyle which caused visceral 
adiposity, the primary trigger of other MetS mechanisms 
[3,4]. Currently, waist circumference is used as the standard 
for measuring visceral adiposity in daily practice. The 
measurement of waist circumference should be done in a 
correct way to provide the most reliable data, namely at the 
midpoint between the lower border of the rib cage and the 
iliac crest. The cut-off points of waist circumference should 
be referred to the patient’s race and gender [33,34]. 

Physical activity should be enhanced in patients with 
MetS. A meta-analysis by Ostman et al. proved that exercise 
training improved the outcomes in patients with metabolic 
syndrome. The patients included in the study varied in 
exercise intensity; moderate, vigorous, and high-intensity 
training. No statistically significant difference was found 
between the groups. However, isolated aerobic exercise was 
seen to be optimal in improving peak VO2, reducing fat mass, 
and body mass [35]. Another meta-analysis by Thorogood et 
al. concluded that moderate-intensity exercise programs for 
6-12 months reduce the weight and waist circumference of 
the overweight and obese population modestly. Furthermore, 
isolated aerobic exercise improved systolic blood pressure, 
diastolic blood pressure, total cholesterol, and triglyceride 
levels modestly [36]. 

Long-term adherence to a healthy lifestyle 
is the key of lifestyle management for patients with 
metabolic syndrome. Several dietary patterns have 
been proved to ameliorate insulin resistance and MetS 
including Mediterranean-style, dietary approaches to stop 
hypertension (DASH), low-carbohydrate, and low-fat diets 
[37]. Neurohormonal activation is one of the mechanisms 
involved in MetS. Thus, emotional regulation, which 
impacted the neurohormonal mechanism, was related to 
MetS in both sexes and successful emotional regulation 
was leading to a reduced risk for MetS [38]. 

MetS management consensus or guideline is not 
available currently. Thus, the management of MetS should 
target every component of MetS that is presented in the 
patient. The hyperglycemia management of MetS patients 
can follow the consensus report by the American Diabetes 
Association (ADA) and the European Association for the 
Study of Diabetes (EASD): Management of Hyperglycemia 
in Type 2 Diabetes, released in 2018. The consensus report 
stresses the importance of lifestyle management, especially 
weight loss for diabetic patients with obesity, while also 
giving recommendations for medication management in 
patients with comorbidities such as clinical cardiovascular 

disease and chronic kidney disease [39]. The International 
Society of Hypertension released a new guideline for 
managing hypertension in 2020 from diagnosis to 
treatment. The guideline insured healthcare providers 
with two management options which are essential and 
optimal therapy [40]. In managing dyslipidemia, the 2019 
European Society of Cardiology (ESC) and European 
Atherosclerosis Society (EAS) guidelines can be used as 
guidance. Strategies to control plasma cholesterol and 
triglycerides were provided in the guideline [41].

Monitoring for heart failure symptoms and signs was 
also important in managing MetS patients. The simplest 
form of monitoring can be done with history taking and 
physical examination. The occurrence of peripheral edema, 
breathlessness on exercise, or pulmonary rales are some 
signs highly suggestive for HF. Electrocardiogram can 
also be used to detect the anatomical abnormality of the 
heart such as left ventricle dilation [42]. The best modality 
that can be used in cardiac assessment is echocardiography 
being able to detect both anatomy and function of the heart 
including left ventricular ejection fraction parameter [43].

Management of the metabolic syndrome in 
heart failure patients

MetS was not included as an entity in the 2016 
ESC guidelines for the diagnosis and treatment of acute 
and chronic heart failure but its components (diabetes, 
hypertension, and dyslipidemia) were mentioned as 
comorbidities [44]. Principally, the diabetes treatment in HF 
patients should be implemented gradually and moderately. 
The drug of choice recommended was metformin, which 
was also safe to be used in HFrEF patients [39,44]. The 
use of insulin in patients with HF were associated with 
negative outcomes. A large clinical trial done by Cosmi 
et al. assessed the effect of insulin on the outcomes of HF 
reduced ejection fractions (HFrEF) patients with diabetes 
mellitus (DM). The trials concluded that the use of insulin 
was associated with poor outcomes in HFrEF patients 
compared to patients that did not use insulin (OR 2.02, 
95% CI 1.87-2.19). Hypoglycemia, sodium, and water 
retention were the three factors suggested to be responsible 
for the outcome [45]. Thus, the risk and benefit of insulin 
use should be considered before prescribing to HF patients.

Hypertension management should be initiated with 
ACE-inhibitor or ARB. Angiotensin receptor neprilysin 
inhibitor (ARNI) can be considered as an alternative if 
the initial drugs failed. Beta-blocker, MRA, diuretic, 
hydralazine, or amlodipine can be administered and 
considered safe in systolic HF. Negatively inotropic CCBs 
are contraindicated for patients with HfrEF [40,44]. Renin-
angiotensin-aldosterone system inhibitors increase insulin 
sensitivity, while CCBs overdose increase insulin resistance 
[46]. Therefore, it will be beneficial to personalize the 
lowering blood pressure agent and monitor closely the 
dose of the drugs to avoid the risk of the patient getting 
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extreme effects of hypoglycemia or hyperglycemia because 
of the drug mechanism. In managing dyslipidemia, the use 
of statin was not recommended in patients with HF, except 
for patients who are already receiving statins for CAD. 
There was no evidence for the use of PCSK9 inhibitors in 
HF patients. N-3 PUFAs can bring beneficial impact to HF 
patients when prescribed because it reduced 9% relative 
risk for mortality [41,44].

Obesity paradox in heart failure
Obesity that was represented by visceral adiposity 

had been explained above as the primary trigger of 
metabolic syndrome. On the other hand, there were studies 
which proved that after heart failure developed, obesity in 
HF patients increased the patients’ survival compared to 
normal weight patients. The study by Horwich et al. was 
the first study to conclude that obesity was not associated 
with increased mortality but rather with a more favorable 
prognosis [47]. Arena Ross et al. found that obesity 
improved the prognosis of patients with HF irrespective 
of its etiology, but HF etiology mattered when assessing 
the survival of HF patients [48]. In a prospective cohort 
held by Zamora et al., the obesity paradox was only found 
in patients with non-ischemic HF when using survival as 
the indicator [49]. One of the explanations to this paradox 
is that the more or less favorable clinical evolution of HF 
patients correlates with leptin/adiponectin ratio. Leptin, 
resistine, TNF-alpha factor exerts detrimental effects, while 
adiponectin seems to have a protective role [50]. On the 
other hand, leptin and adiponectin have a different effect 
in heart failure patients. Leptin was known to have an 
inverse correlation with mortality in heart failure patients, 
which suggested a protective role. Increased adiponectin 
levels in heart failure patients were associated with a severe 
prognosis, which may due to the regulatory mechanism 
to compensate the heart [51,52]. It was important to be 
noted that obesity paradox was etiology-dependent when 
the primary end-point was survival and the studies used 
body mass index (BMI) as an indicator of obesity, while, 
currently, waist circumference was used as the indicator 
of visceral adiposity in metabolic syndrome criteria. 
However, the obesity paradox in heart failures still needs to 
be taken into account when managing patients with obesity 
and heart failure. 

Conclusion 
Metabolic syndrome is closely related to the 

development of heart failure. Visceral adiposity acted as the 
primary trigger followed by chronic inflammation, insulin 
resistance, and neurohormonal activation. Each component 
of the metabolic syndrome affects the progression of heart 
failure. Prompt treatment of the metabolic syndrome will 
reduce the possibility of patients developing heart failure, 
and careful management of metabolic syndrome in heart 
failure patients will reduce the morbidity and mortality. 

Comprehensive management involving a multidisciplinary 
team is necessary for managing patients with metabolic 
syndrome and heart failure. However, further research 
needs to be done to determine the best way to treat patients 
with metabolic syndrome and heart failure.
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