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Abstract

Cardiovascular disease (CVD) is the most common non-communicable ailment which claims one-third of total 
global death. This contribution provides an overview of cardiovascular diseases (CVDs), hypercholesterolemia 
and hyperlipidemia (dyslipidemia) and their related complications as well as the current treatment options with 
special attention to popular functional foods and nutraceuticals. Currently, many synthetic lipid-lowering drugs 
are available in the market. However, they trigger several adverse effects. Thus, to overcome this problem nutra-
ceuticals and functional foods which are considered safe, and with multifaceted lipid-lowering activity are highly 
recommended (adjuvant therapy) for treating dyslipidemia. This review intends to shed light on how to choose 
the appropriate or better nutraceutical/functional food ingredients to alleviate the risk of CVD, based on recent 
literature survey with the inclusion of clinical trials and meta-analysis to ensure the efficacy of nutraceuticals/
functional foods on lipid profile.
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1. Introduction

1.1. Cardiovascular disease (CVD)

Cardiovascular disease (CVD) is a complicated and multifactorial 
ailment that mainly affects the blood vessels and subsequently the 
heart. CVD is not one single disease or condition which may be 
hereditary or acquired during the lifetime mostly due to lifestyle 
modifications (Dominguez et al., 2006). Five major types of CVD 
include ischemic heart disease (IHD), congenital heart disease 
(CHD) cerebrovascular disease (Stroke), rheumatic heart disease 
(RHD), peripheral vascular disease (PVD). CVDs is the major 
contributor to the total global mortality and morbidity and thus 

bestowed with the increased socioeconomic burden (Enas et al., 
2008). CVDs account for almost 33% of all death (Chiu et al., 
2016a). It has been predicted that nearly 23.6 million people will 
die from CVDs by the year 2030 (Jiang et al., 2011). It has been 
strongly believed in the past that CVD strikes mostly in old aged 
people, however recent studies have shown that CVDs can also 
strikes early and kill many people in their midlife (30–40 years). 
Hence CVD is considered as the world largest killer as compared 
to any other diseases (Pagidipati and Gaziano, 2013).

1.2. Epidemiological studies on CVD

Epidemiological studies play a crucial role in exploring the cor-
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relation between different predisposal factors for CVD and thus 
has helped in their prevention (Mahmood et al., 2014). The mortal-
ity rate of CVDs varies from place to place (geographical region) 
and based on different variants such as age, sex, gene, and race, 
among others. CVD death rates were considerably higher in West-
ern people than Africans (Pickle and Gillum, 1999). Compared to 
the Western countries, the prevalence of CVD in Asians is almost 
four times higher. In addition, the incidence of CVD (stroke) in 
urban areas is much higher than rural areas in most Asian countries 
owing to dietary changes with a sedentary lifestyle (Ueshima et 
al., 2008). Several studies have indicated that adult women and 
men with low fitness are at the high risk of CVD (Carnethon et al., 
2005; Gulati et al., 2003).

1.3. Risk factors for CVDs

There are some 300 risk factors associated with CVD and stroke 
(Mackay et al., 2004). The major ones are hypercholesterolemia 
(elevated levels of total cholesterol) or hyperlipidemia (elevated 
levels of lipids), hypertension, diabetes mellitus, male gender and 
postmenopausal female, obesity, smoking, family history of prema-
ture CVD, lack of exercise (sedentary lifestyle) and imbalanced food 
intake. Nevertheless, in the above-mentioned risk factors, hypercho-
lesterolemia (especially low-density lipoprotein-cholesterol; LDL-
c) is a primary contributor to CVDs (Nordestgaard et al., 2010).

Cholesterol (waxy substance), is a crucial constituent of the plas-
ma membrane, as well as a precursor for vitamin D, bile acids, and 
sex hormones (Chen et al., 2014). Cholesterol is insoluble in blood, 
and hence it is carried by a special transporter called lipoproteins. 
Lipoproteins are packed with both proteins and lipids (Utermann, 
2001). Types of lipoproteins are chylomicron (CM), very low-den-
sity lipoprotein-cholesterol (VLDL-c), LDL-c, and high-density 
lipoprotein-cholesterol (HDL-c) which have different lipid carrying 
capacities. LDL-c or bad cholesterol carries lipids from the liver to 
peripheral tissues. However, HDL-c or good cholesterol carries li-
pids from the peripheral tissues back to the liver (Chen et al., 2008).

1.4. Hypercholesterolemia

Hypercholesterolemia is a condition (due to metabolic derange-
ment) where the blood cholesterol level exceeds 200 mg/dL, espe-
cially LDL-c (120 mg/dL) and it is regarded as a major risk factor 
in the development of atherosclerosis and subsequently results in 
various CVD or coronary heart diseases (CHDs) (Van Rooy and 
Pretorius, 2014). As elevated blood cholesterol may tend to deposit 
in the blood vessels (plaque and fatty streak) and alter the func-
tional properties of blood vessels which eventually results in ath-
erosclerosis (Steinberg, 2005). Several reports have indicated that 
many individuals are affected by hypercholesterolemia, particularly 
in Western countries, due to increased sedentary lifestyle combined 
with diets high in saturated fat that appear to be the primary culprits 
in causing hypercholesterolemia, but heredity (familial hypercho-
lesterolemia) may also be a factor for some (Pahan, 2006).

1.5. Consequences of hypercholesterolemia

Hypercholesterolemia is a metabolic derangement (elevated blood 
cholesterol level) and if it persists for a long time it would initiate 
different health issues. These include early-stage atherogenesis (by 
narrowing blood vessels due to plaque formation) through various 
pathological mechanism including oxidative or nitrosative stress 

(endothelial dysfunction), local inflammation, immunomodulation 
and thus results in atherosclerosis and eventually ends up in vari-
ous CVDs (Lahera et al., 2007).

1.6. Oxidative stress

A shift in the balance between prooxidant and antioxidant (redox 
status) could result in oxidative stress which is associated with 
increased vascular/endothelial damage via excessive free radi-
cal production (Ferroni et al., 2004). Increased viscosity of blood 
(due to increased cholesterol concentration) might trigger vascu-
lar/endothelial injury by enhancing lipid peroxidation (via ROS) 
followed by accumulation and penetration of CM, VLDL-c and 
LDL-c into arterial or endothelial wall (polymorphonuclear leuko-
cytes, platelets and endothelial cells). This would initiate the syn-
thesis of various factors like plasminogen activator factor, fibro-
blast growth factor and cytokines (inflammatory cascade) which in 
turn stimulate oxidant (free radicals) producing enzymes such as 
NADPH oxidase (NOX), xanthine oxidase (Cardillo et al., 1997), 
cyclooxygenase (COX), NO synthase and lipoxygenase (Kunsch 
and Medford, 1999).

Therefore, the excess free radicals (ROS) can efficiently oxidize 
LDL-c (ox-LDL-c) and thereby increase the risk of endothelial 
dysfunction, atherosclerosis and subsequent CVDs (Lahera et al., 
2007; Stocker and Keaney, 2004). Furthermore, superoxide (O2

.−) 
rapidly reacts with NO to form the highly reactive intermediate 
peroxynitrite ONOO−. Peroxynitrite in high concentrations (nitro-
sative stress) is cytotoxic and may cause oxidative damage to pro-
teins, lipids, and DNA (Cai and Harrison, 2000). Hence, oxidative/
nitrosative stress (overproduction of free radicals) during hyper-
cholesterolemia is a major root cause for the pathophysiology of 
atherosclerosis and other related CVDs (Lahera et al., 2007).

1.7. Inflammation

Many experimental results have demonstrated that hypercholes-
terolemia triggers inflammation in the microvasculature, which is 
reflected in excessive leukocyte recruitment and platelet activation 
(Stokes, 2006). Activated platelet could initiate leukocyte recruit-
ment into lesion areas by elevated CD40 expression attributing to 
oxidative stress (Stokes et al., 2009). Thus activated leukocytes 
can obstruct the capillary networks (Strokes et al., 2003) which 
enables the macrophages to accumulate or engulf LDL-C and 
oxidized LDL-C (ox-LDL-c) which develops into foam cells (Di-
laveris et al., 2007). These foam cells then elicit further oxidative 
stress and inflammatory response via producing pro-inflamma-
tory cytokines like interleukins one beta (IL-1β), tumor necrosis 
factor alpha (TNF-α), and interleukins 6 (IL-6), growth factors, 
chemokines, and acute phase proteins (Crp and fibrinogen) which 
aggravate the balance of endothelial equilibrium leading to en-
dothelial dysfunction (Simionescu, 2007). Moreover, accumula-
tion of VLDL-c and CM, in arterial wall activates the synthesis of 
factors protein kinase C (PKC) and nuclear factor kappa B (NF-
κB) that can initiate inflammatory responses by upregulating the 
expression of pro-inflammatory cytokines and cell adhesion mol-
ecules such as vascular cell adhesion molecule-1 (VCAM-1) and 
intercellular adhesion molecule-1 (ICAM-1) (Stemerman, 2000).

1.8. Atherosclerosis

Atherosclerosis is a complex multifactorial inflammatory disease, 
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characterized by focal intimal thickening of medium (hardening) 
and large-sized arteries. These are thought to be initiated by ac-
cumulation of lipoproteins within the intima, adhesion of mono-
cytes to the arterial endothelium, migration of monocytes into the 
intima, chemotactic stimuli by oxidized lipoproteins (ox-LDL-c) 
and accumulation of cholesterol within macrophages (Ross, 1999). 
The close interplay between the oxidative stress and inflammation 
thus provokes the vicious cycle and results in the pathogenesis 
of atherosclerosis (Hulsmans and Holvoet, 2010). The process of 
atherosclerosis can be subdivided into 4 major stages as endothe-
lial dysfunction/lesion initiation, fatty streak, fibrous plaques, and 
thrombosis.

During the early stage of atherosclerosis, endothelial cells of 
the endothelium (blood vessel) are injured owing to excess free 
radical generation (oxidative/nitrosative stress), followed by local 
inflammatory response and chemotactic and adhesion molecule 
activation results in endothelial dysfunction or lesion (Steinl and 
Kaufmann, 2015). Subsequently, the development of foam cells 
(macrophage with cholesterol esters of LDL-c) starts to accumu-
late in the intima to form fatty streak with macrophages (ox-LDL-
c), T lymphocytes and adhesion molecules. This promotes the mi-
gration of leukocytes into sub-endothelial cells (chemoattractant) 
by degrading collagen and elastin.

The inflammatory cells are further activated to process exces-
sive inflammatory mediators like cytokines (TNF-α, IL-1β, and IL-
6) and thereby the fatty streaks are transformed to fibrous plaque, 
which is capped by smooth muscle cells (SMCs) and extracellu-
lar matrix. Clinically, fibrous plaques are of two types of stable 
(responsible for occlusion or stenosis) and unstable (thrombosis) 
(Stokes et al., 2009). Finally, the intimal hyperplasia occurs with 
the proliferation and transmigration of smooth muscle cell of the 
plaques by the various inflammatory processes to worsen the pro-
cess, and thus atherosclerotic plaque becomes larger and complex 
(due to excessive growth factors). These big complex plaques are 
highly prone to rupture (cause thrombosis and ischemia) and try to 
block both the micro or macro blood vessels. If the plaque is built 
up in the vessels that supply the oxygen-rich blood to the heart 
(coronary artery), it may cause heart attack, while its build up in 
the arteries that supply the oxygen-rich blood to the brain (cerebral 
artery) may result in stroke (Libby et al., 2009).

1.9. Impact of hypercholesterolemia on various organs

Hypercholesterolemia has systemic effects in various tissues. Hy-
percholesterolemia increases the incidence of ischemic disease in 
various tissues such as heart/aorta, liver, and kidney by its ability 
to restrict blood flow (due to lipid deposit) in lesion-prone arter-
ies and promote ischemia (hypoxia) by enhancing vulnerability 
of the microcirculation and other inflammatory stimuli (Kamesh 
and Sumathi, 2014; 2012; Stokes et al, 2003). Intake of excessive 
lipids (oily stuffs) leads to severe hypercholesterolemia and vascu-
lar atherosclerotic lesion/plaque by escalating oxidative stress and 
inflammation (pivotal manner) and thus disrupts normal cellular 
function, especially cardiomyocytes, endothelium, hepatocytes 
and nephron and eventually ends up in hypercholesterolemic in-
duced cardiac, endothelial, hepatic or renal dysfunction (Charradi 
et al., 2013; Csont et al., 2007; Deepa and Varalakshmi, 2003). 
As the blood cholesterol elevates it results in decreased membrane 
ATPases in myocytes, endothelium, and hepatocytes (Chtourou et 
al., 2015; Kamesh and Sumathi, 2012).

Fatty liver (accumulation of excessive fat in the liver) is the 
leading serious complication of chronic hypercholesterolemia or 
hyperlipidemia (non-alcoholic). Hypercholesterolemia (due to 

high intake of fatty food) causes fat deposition in the liver (fatty 
liver), which results in hepatic steatosis or cirrhosis of the liver 
and lowers the hepatocyte population via eliciting oxidative stress 
and inflammation. (Kamesh and Sumathi, 2012; Assy et al., 2000). 
Furthermore, numerous studies have indicated that hypercholester-
olemia/hyperlipidemia could significantly alter renal function and 
play a pivotal role in the pathology of glomerulosclerosis that leads 
to renal ischemia (Akpolat et al., 2011; Deji et al., 2009).

Abnormal histopathological evidence like marked hypertrophy 
condition and focal fatty change (fat droplets) with disrupted myo-
cardial fibers have been noted in hypercholesterolemic induced rat 
heart (Thiruchenduran et al., 2010; Sudhahar et al., 2007). Similar-
ly, thickened intima and smooth muscle cell and macrophages mi-
gration with loss of elastic lamellae were observed in hypercholes-
terolemic induced rat aorta (Kamesh and Sumathi, 2012b; Deepa 
and Varlakshmi, 2005). Likewise, excessive fat accumulation 
(fatty liver) indicated by large lipid droplets with lipid infiltration 
were noted in hypercholesterolemia-induced rat liver (Kamesh and 
Sumathi, 2012a; Deepa and Varalakshmi, 2003). However, moder-
ate swelling of renal tubules with the broader lumen of glomerulus 
were noted in hypercholesterolemia-induced rat kidney (Kamesh 
and Sumathi, 2014; Ying et al., 2005). These histological changes 
in hypercholesterolemic condition are mainly due to excessive oxi-
dative stress and inflammatory response.

2. Treatment approach

An impressive number of trials have demonstrated that every 1% 
reduction in plasma total cholesterol would contribute to 2% re-
duction in the risk of CVD/CHD (Chiu et al., 2017a; Sandhya 
and Rajamohan, 2008). Hence, hypocholesterolemic or hypolipi-
demic drugs are in high demand in order to control the deleteri-
ous outcome of CVD. Monotherapy or combination therapy (ad-
juvant) is prescribed for treating CVD or CHD patients. Patients 
are requested to modify their lifestyle (regular exercise, quitting 
smoking or excessive alcohol consumption with balanced diet 
including fruits and vegetables) along with proper medication 
(lipid-lowering drugs; both synthetic and natural) to lower the 
risk rate and consequences of CVD/CHD (Sahebkar et al., 2016; 
Shattat, 2015).

In conformity with the National Cholesterol Education Program 
(NCEP) guidelines, healthcare practitioners generally prescribe 
cholesterol-lowering medication when LDL-c is higher than 190 
mg/dL or HDL level is less than 45 mg/dL without any known risk 
factors for heart disease (Pasternak, 2001). The following sections 
provide an account of commonly prescribed medications for hy-
percholesterolemia or hyperlipidemia.

2.1. Statin drugs or HMG-CoA reductase inhibitors (atorvasta-
tin, rosuvastatin, lovastatin, mevastatin, pravastatin, simvasta-
tin, and fluvastatin)

Statins (different combination) are broadly prescribed for treat-
ing hypercholesterolemia or hyperlipidemia. They are used to 
treat elevated LDL-c and triacylglycerol (TG) levels, as well as 
to improve the HDL-c levels. Healthcare practitioners prefer sta-
tin drugs owing to their active cholesterol-lowering mechanism as 
they inhibit endogenous cholesterol synthesis. Their adverse ef-
fects include myositis, stomach upset, rhabdomyolysis, dizziness, 
and hepatic damage. Some patients are intolerant to statin therapy, 
and hence alternative therapy is preferred (Guyton, 2010; Baigent 
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et al., 2005).

2.2. Niacin (nicotinic acid)

Niacin is prescribed to patients with elevated LDL-c, VLDL-c, and 
TG levels as it is more effective in enhancing HDL-c levels than 
other cholesterol-lowering medications by inhibiting the hormone-
sensitive lipase and thus lowering the TG level and VLDL-c. How-
ever, it results in various adverse effects including stomach upset, 
redness or flushing of the skin, headache, dizziness, blurred vision, 
and liver damage. In addition, niacin usage has some limitations as 
it cannot be prescribed to patients with gout, diabetes, low blood 
pressure, or a history of peptic ulcer (Guyton and Bays, 2007).

2.3. Bile acid sequestrants/resins (cholestyramine, colestipol, 
and colesevelam)

Bile acid sequestrants are used to treat elevated LDL-c levels as 
they interfere with the reabsorption of bile (enterohepatic circu-
lation) and thus utilize more cholesterol for bile production. The 
common adverse effects include constipation, bloating, heartburn, 
nausea, and elevated TG. Bile acid sequestrants are of limited use 
as they lead to a deficiency of fat-soluble vitamins and urinary loss 
of calcium (Out et al., 2012).

2.4. Fibric acid derivatives (gemfibrozil, fenofibrate, and clofi-
brate)

Fibric acid medications are used to treat elevated TG and LDL-c 
as well as to improve HDL-c levels. They act as a peroxisome pro-
liferator-activated receptor-α (PPAR-α) agonist. Fibric acids are 
highly prescribed for patients who cannot tolerate niacin. Adverse 
effects of fibric acid derivatives include myositis, stomach upset, 
sun sensitivity, gallstones, irregular heartbeat, and liver damage 
(Davidson et al., 2007).

2.5. Probucol and Ezetimibe (systemic)

Probucol and Ezetimibe lower LDL-c. Probucol increases LDL-c 
catabolism, whereas Ezetimibe inhibits exogenous cholesterol ab-
sorption by inhibiting Niemann-Pick C1-Like 1 (NPC1L1) protein 
thus decreasing LDL-c levels. Both induce several adverse effects 
including diarrhea, bloating, gallstone, liver damage, nausea, vom-
iting, and dizziness (Phan et al., 2012; Yamamoto, 2008).

2.6. PCSK9 inhibitors [Alirocumab (praluent), Evolocumab (Re-
patha)]

Proprotein convertase subtilisin kexin 9 (PCSK9) inhibitors (mon-
oclonal antibody as injectable form) are included as major lipid 
lowering drugs (recently) as they improve the LDL receptor count, 
and thus the levels of LDL-c can be significantly lowered (Tibolla 
et al., 2011). They can also be prescribed with statins, but they ex-
hibit few adverse effects including nasopharyngitis, myositis, mus-
culoskeletal pain, diarrhea, cough, flu, and constipation. The major 
limitation of such drugs is the cost (expensive), administration 
route (only injectable form) and they also produce immunoresist-
ance in some patients (Chaudhary et al., 2017; Katsiki et al., 2017).

Few other minor lipid or cholesterol-lowering drugs including 

acyl-CoA cholesterol acyl transferase (ACAT) inhibitor, microso-
mal triacylglycerol transfer protein (MTTP) inhibitor, cholesteryl 
ester transfer protein (CETP) inhibitor, squalene synthase inhibi-
tors and ATP citrate lyase inhibitor may also be prescribed to CVD 
or CHD patients with standard lipid-lowering drugs for better re-
sults (Shattat, 2015).

2.7. Alternative or complementary therapy

The above-mentioned lipid-lowering synthetic drug have many ad-
verse effects. In view of this, the quest for natural products (func-
tional foods/nutraceuticals) with lipid-lowering potential and with 
minimal or no side effects is warranted. In recent years, the use of 
medicinal plants/herbs/food components (alternative or comple-
mentary therapy) in medicine, most importantly, in the treatment 
of dyslipidemia and related CVDs has witnessed a surge of interest 
because of relative cost-effectiveness, being well tolerated, safe 
and due to the absence or less adverse effects (Chen et al., 2014; 
Nies et al., 2006; Fogari and Zoppi, 2004). Moreover, the Euro-
pean guidelines of management of dyslipidaemias (EGMD) and 
NCEP have recommended the use of nutraceuticals or functional 
foods as an adjuvant therapy with standard lipid-lowering drugs 
(Catapano et al., 2011; Expert Panel of NCEP, 2001).

2.8. Major nutraceuticals/functional foods with lipid-lowering 
activity

To date, no studies have shown that an alternative therapy alone 
could effectively lower the cholesterol or lipid levels when com-
pared to other standard lipid-lowering drugs such as statins (Nel-
son, 2013). Nevertheless, few nutraceuticals/functional foods are 
reported to show mild to moderate lipid-lowering activity. There-
fore, few major popular nutraceutical/functional food ingredients 
with hypocholesterolemic or hypolipidemic activities such as plant 
sterols/stanols, red yeast rice, green tea catechins (eg., epigallocat-
echin gallate; EGCG), curcumin, berberine, garlic, spirulina, fish 
oil (omega-3-fatty acids- docosahexaenoic acid; DHA and eicosa-
pentaenoic acid; EPA), soybean (protein), pre- and probiotics and 
soluble fibers as well as other minor lipid lowering nutraceuticals/
functional foods like grape seed polyphenol (resveratrol), querce-
tin (onion), royal jelly (honey), and prune are discussed briefly 
with respect to mechanism and meta-analysis (Randomized Clini-
cal Trials; RCTs). Table 1 represents the various major functional 
foods and nutraceuticals with their specific lipid lowering proper-
ties.

2.9. Plant sterols and stanols

Plant sterols (sitosterol and campesterol) and stanols (sitostanol and 
campestanol) are the natural components of plant cell membrane, 
which structurally resemble cholesterol (agonist) and thus lower 
the cholesterol level (Mannarino et al., 2009; Nguyen et al., 1999). 
Epidemiological studies have inferred that intake of dietary plant 
sterols (at a dose of 2 g/day) is inversely proportionate to total cho-
lesterol and LDL-c (Klingberg et al., 2008; Andersson et al., 2004). 
Phytosterols/stanols are reported to interfere in micelle formation 
(lower the exogenous cholesterol absorption) and effectively inhibit 
the bile acid reabsorption thus indirectly diminish the cholesterol 
pool (Gylling et al., 2013; Musa-Veloso et al., 2011). Furthermore, 
a meta-analysis including 41 RCTs provided with phytosterols 
(mayonnaise, yogurt, bread, and milk) for an average of 28 days 
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showed a significant reduction in LDL-c levels (Demonty et al., 
2008). Another meta-analysis, carried out by Ras et al. (2014), in-
dicated a significant reduction of LDL-c (6 to 12%) at a dose of 
less than 3 g/day. Furthermore, phytosterol is reported to lower the 
total cholesterol, LDL-c, and TG along with 8-isoprostane levels in 
hypercholesterolemic patients (Mannarino et al., 2009).

2.10. Red yeast rice (RYR)

RYR has been used in traditional Chinese medicine (TCM) for 
many years to aid digestion and blood circulation (Ma et al., 2000). 
It a fermented product (yeast on rice) rich in monacolins that dis-
plays a broad range of biological activities and thus recommended 
as a functional food (Verhoeven et al., 2013). Previously, few stud-
ies have shown that it may cause several adverse effects and hence 
FDA did not permit its marketing in the US (Gordon et al., 2010). 
However, it has been marketed in Asia and Africa. It is a potent 
HMG Co-A reductase inhibitor (monocolins K has structural simi-
larity with statins) and hence used for patients with statin intoler-
ance (Burke, 2015). Gerards et al. (2015), in their systemic review 
and meta-analysis, indicated that red yeast rice extract could sig-
nificantly lower the LDL-c level, with acceptable adverse events 
and thus recommended it for treating dyslipidemia. Italian hyper-
cholesterolemic patience supplemented with red yeast rice (rich 
in monacolins) for 4 weeks experienced a significant decrease in 
the levels of total cholesterol (12.5%) and LDL-c (22%), but no 
changes were noted in TG or HDL-c levels. Another clinical trial 
also confirmed the hypolipidemic or hypocholesterolemic activity 
of red yeast rice by reducing the plasma TC, LDL-c, and TG in sta-
tin-intolerant hypercholesterolemic subjects (Chung et al., 2014).

2.11. Green tea catechins (mainly EGCG)

Green tea is prepared from the plant Camellia sinensis, which is 
consumed globally and is known to have various health benefits 

(Gaur and Agnihotri, 2014). Catechins are the major components 
of green tea with various pharmaceutical activities. In particular, 
epigallocatechin-3-gallate (EGCG) plays a crucial role in many 
beneficial properties (Chiu et al., 2016b; Koo et al., 2007). Green 
tea is a potent HMG Co-A reductase inhibitor, it also interferes with 
micelle formation and thereby lowers the cholesterol level. Moreo-
ver, EGCG is reported to enhance the expression of hepatic LDL-
Receptor (LDL-R) and increases the biliary excretion and which 
in turn reduces the cholesterol level (Koo et al., 2007; Shishikura 
et al., 2006). A systemic review and meta-analysis conducted by 
Kim et al. (2011) indicates that green tea catechins (GTCs) can 
significantly lower the TC and LDL-c levels and thus contribute to 
the hypocholesterolemic activity. However, no significant changes 
were observed in the levels of TG or HDL-c. Another study con-
firmed that consumption of theoflavin enriched green tea extract 
could significantly lower the TC and LDL-c levels in hypercholes-
terolemic subjects (Maron et al., 2003).

2.12. Turmeric (curcumin)

Curcumin is one of the major active components (polyphenolic) of 
turmeric (Curcuma longa). It has been extensively used for cook-
ing as well as for treating various ailments and thus considered as 
a popular neutraceutical/functional food ingredient (Zlotogorski et 
al., 2013). Curcumin can exhibit its hypolipidemic or hypocho-
lesterolemic property by inhibiting NPC1L1 transporter expres-
sion (Kumar et al., 2011), also by upregulating LDL-R production 
via downregulating PCSK-9 (Tai et al., 2014). The clinical trial 
conducted by Yang et al. (2014) revealed that 12 weeks of sup-
plementation with curcumin extract significantly lowered the level 
of LDL-c whereas the level of HDL-c was considerably improved 
in patients with metabolic syndrome. Moreover, another trial also 
confirmed the hypolipidemic or hypocholesterolemic activity; dur-
ing this trial subjects were asked to consume curcumin for 8 weeks 
which resulted in a significant reduction in the levels of TC, LDL-c 
and TG as compared with the control group (Panahi et al., 2016).

Table 1.  represent the various major functional foods and nutraceuticals with their specific lipid lowering properties

Functional Foods and Nutraceuticals Lipid lowering (cardioprotective) property

Plant sterols (sitosterol & campesterol) and stanols  
(sitostanol & campestanol)

Interfere in micelle formation, inhibit the bile acid reabsorption (diminish the  
cholesterol pool)

Red Yeast Rice (monacolins) HMG Co-A reductase inhibitor

Green tea catechins (EGCG) HMG Co-A reductase inhibitor, interferes with micelle formation, upregulate the  
expression of hepatic LDL-R, increase the biliary excretion

Turmeric (Curcumin) Inhibiting NPC1L1 transporter expression, upregulate hepatic LDL-R production

Berberine Natural PCSK-9 inhibitor, upregulate the expression of hepatic LDL-R, interferes  
with micelle formation

Garlic (S-allylcysteine) HMG Co-A reductase inhibitor, inhibit the activity of ACAT and gastric lipase

Spirulina (C-phycocyanin) Interfere in bile acid reabsorption, enhance hepatic lipase activity

Fish oil (DHA and EPA) Increasing the expression of LPL and fatty acid oxidation enzymes, downregulate  
the expression of VLDL receptor

Soybean (protein/peptide and (isoflavones-equol) Increase bile acid excretion, downregulate SREBP protein expression

Pre- and probiotics (SCFA) Upregulate the BSH enzyme (decrease bile acid reabsorption), modulate  
cholesterol synthesis (HMG Co-A reductase inhibitor)

Soluble fibers (oat, barley- β-glucan) Act as bile acid sequestrants, inhibit fatty acid synthesis and upregulate the  
expression of hepatic LDL-R
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2.13. Berberine

Berberine is an alkaloid which occurs in plants of coptis, as well 
as berries family, including barberry (Berberis vulgaris), and tree 
turmeric (Berberis aristata) (Gupta et al., 2014). Many studies 
have demonstrated the lipid-lowering property of berberine and 
hence it is considered as a major nutraceutical for treating dys-
lipidemia (Derosa et al., 2012; Marazzi et al., 2011). It acts as a 
potent natural inhibitor for PCSK-9 and thus improves the number 
of hepatic LDL-R. In addition, it directly upregulates the produc-
tion of LDL-R and thereby lowers the cholesterol levels (Li et al., 
2009; Lee et al., 2007). Moreover, it might decrease intestinal cho-
lesterol absorption by interfering with micelle formation (increase 
the cholesterol and bile acid excretion), and thereby improves 
hepatic cholesterol turnover (Li et al., 2015; Kong et al., 2004). 
A meta-analysis conducted by Dong et al. (2013), with 11 RCTs 
concluded that consumption of berberine (mean dose of 500–1,000 
mg/day) in hypercholesterolemic patients would exert a positive 
effect by considerably lowering the levels of TC, LDL-c, and TG 
with increased HDL-c. In addition, supplementation of berberine 
pill (alone) in hypercholesterolemic patients resulted in 32, 24 and 
19.5% reduction in the levels of LDL-c, TC and TG, respectively, 
than ezetimibe (Pisciotta et al., 2012). Berberine is commonly 
combined with red yeast rice and policosanols for treating dyslipi-
demia (Marazzi et al., 2011; Affuso et al., 2010).

2.14. Garlic

Garlic (Allium sativum) is well known for its wide spectrum of 
beneficial properties (mainly due to sulfur-containing compounds, 
namely allicin/S-acetylcysteine) and hence is considered as a func-
tional food (Gupta et al., 2015). Many studies have concluded that 
S-allylcysteine is the major contributor to the lipid-lowering or 
anti-atherogenic activity of garlic (Jung et al., 2014; Kwak et al., 
2014). The mechanism behind the hypocholesterolemic activity of 
garlic and its S-allylcysteine is the inhibition of HMG- CoA re-
ductase (Mathew et al., 2004). It might also inhibit the activity of 
ACAT and gastric lipase, and thus the levels of blood cholesterol 
were significantly reduced (Zeng et al., 2012; Khatua et al., 2013). 
A meta-analysis conducted by Ried et al. (2013), with 39 prima-
ry trials, demonstrated that administration of garlic for 2 months 
could effectively reduce the levels of total cholesterol, low-density 
lipoprotein cholesterol in hypercholesterolemic subjects. Howev-
er, no significant changes were noted in the levels of TG or HDL-
c. In addition, supplementation of aged black garlic for 12 weeks 
substantially improved the HDL-c level without altering TC or 
LDL-c in hypercholesterolemic subjects (Jung et al., 2014).

2.15. Spirulina

Spirulina is a free-floating filamentous microalga that has been 
used as a highly nutritive supplement (especially for protein and 
vitamins) for many years, and hence it has been approved by FDA 
(Mazokopakis et al., 2014). The lipid-lowering activity of spirulina 
may interfere with bile acid reabsorption (increase fecal bile acid) 
and thus improve hepatic cholesterol turnover, increase hepatic li-
pase activity and thereby lower the cholesterol level (Deng and 
Chow, 2010). Since spirulina is rich in various nutrients, it is hard 
to predict the active components responsible for its lipid-lowering 
activity. However, Nagaoka et al. (2005) reported that C-phycocy-
anin (chromoprotein) might be the contributor to hypolipidemic 
activity. Few RCTs studies conducted on hypercholesterolemic 

subjects supplemented with spirulina demonstrated reduced lipid 
profile (TC, TG, and LDL-c), but no change in HDL-c levels were 
noted (Kim and Kim, 2005; Ramamoorthy and Premakumari, 
1996). To evaluate the hypolipidemic effect of spirulina, a meta-
analysis was conducted with seven RCTs, in dyslipidemic subjects 
which showed that those supplemented with spirulina had a sig-
nificant reduction in TC (47 mg/dL), LDL-c (41.32 mg/dL) and 
TG (44.23 mg/dL) with elevation in the levels of HDL-c (6.06 mg/
dL) (Serban et al., 2016).

2.16. Fish oil (omega-3-fatty acids- DHA and EPA)

Fish oil is rich in omega-3-fatty acids such as docosahexaenoic 
acid (DHA) and eicosapentaenoic acid (EPA) renders numerous 
biological functions (Shahidi and Ambigaipalan, 2018; Hooper et 
al., 2006). It has been proposed that omega-3-fatty acids can lower 
the TG by increasing the expression of lipoprotein lipase (LPL) 
enzyme and fatty acid oxidation, as well as downregulating the 
expression of VLDL receptor and thereby indirectly lowering the 
levels of TC and partially LDL-c (Adkins and Kelley, 2010). To 
check the magnitude of fish oil in hyperlipidemia, a meta-analysis 
was performed which included 47 studies (3.25 g of EPA or DHA), 
shows clinically significant reduction of TG with a mild increase in 
HDL-c levels, but no change in LDL-c or TC levels was noted (Es-
lick et al., 2009). Another, meta-analysis conducted by Zhu et al. 
(2014), including 13 RCTs in dialysis patients, demonstrated that 
serum TC (4.63 mg/dL) and TG (20.35 mg/dL) were significantly 
declined and a substantial improvement in the levels of HDL-c 
(7.72 mg/dL) was noted in fish oil group as compared with the 
control group. Recently, a clinical trial also showed similar results, 
with a significant decline in the levels of TG with improved HDL-c 
levels after consumption of fish oil for 3 months in type 2 diabetic 
patients with obesity (Wang et al., 2017).

2.17. Soybean protein/peptide

Several studies have indicated that soybean (soy protein/peptide) 
consumption could positively regulate the lipid profile or metabo-
lism owing to the presence of bioactive peptides (hydrolysate) and 
isoflavones-equol (Cicero et al., 2017; Weggemans and Trautwein, 
2003). The exact mechanism behind the hypolipidemic or hypo-
cholesterolemic activity of soybean is still unclear. Nevertheless, 
few hypotheses have been proposed including excessive excretion 
of bile acid in feces, inhibition of endogenous cholesterol synthesis 
and marked downregulation of SREBP protein expression (Cho et 
al., 2007; Rebholz et al., 2013). Later, Tokede et al. (2015) carried 
out a meta-analysis with 35 RCTs and concluded that intake of soy 
products (rich in proteins) at a dose of 3-6 g/day exhibit a potent 
hypocholesterolemic activity by concomitantly lowering the levels 
of total cholesterol, LDL-c, and TG with improved HDL-c levels. 
In the past, Hoie et al. (2005) demonstrated that 8 weeks of sup-
plementation with soy protein (two different types) considerably 
lowered the total cholesterol, LDL-c, and apolipoprotein B levels 
without altering the levels of HDL-c or TG.

2.18. Pre- and probiotics (fermented plant extract/fermented 
dairy products)

Probiotics are living micro-organism which constitute the gut 
microbiota. However, prebiotics (nutraceuticals, functional food 
ingredients, especially dairy or fermented products) promote pro-
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biotics and result in healthy gut microbiota. Hence, many research-
ers these days focus on the beneficial properties of gut microbiota 
(using various prebiotics) on CVDs, as they play a central role in 
host lipid metabolism (Thushara et al., 2016; Ryan et al., 2015). 
Few probiotics (Lactobacillus and Bifidobacterium) are directly 
involved in hypocholesterolemic or hypolipidemic activity by up-
regulating the bile salt hydrolase (BSH) enzyme which in turn in-
crease the formation of deconjugated bile acids and thus decrease 
the bile acid reabsorption in the ileum (Jones et al., 2013). In ad-
dition, probiotics can improve the short chain fatty acid (SCFA) 
metabolism and thus modulate the lipid metabolism by altering the 
secretion of cholesterol and hormones (Ryan et al., 2015). A meta-
analysis of 13 RCTs evaluated the effect of probiotics on lipid pro-
file. The data revealed a significant decrease in the mean value of 
TC (6.40 mg/dL), LDL-c (4.90 mg/dL), and TG (3.95 mg/dL) in a 
probiotic-treated group than the control group (Guo et al., 2011). 
Several clinical trials have also confirmed the hypocholesterolemic 
effects of probiotics (Lactobacillus reuteri) when delivered in yo-
gurt or capsule in healthy hypercholesterolemic subjects (Rerksup-
paphol and Rerksuppaphol, 2015; Fuentes et al., 2013; Jones et al., 
2012). Furthermore, Chiu et al. (2016c) demonstrated that drinking 
fermented plant extracts (prebiotic) would significantly improve 
gut microbiota (improve probiotics) and thereby considerably low-
er the TC, LDL-c in mildly hypercholesterolemic subjects.

2.19. Soluble fibers (oat, barley- β-glucan)

Overwhelming evidence indicates that soluble fibers render better 
lipid lowering property than their insoluble counterparts (Chen et 
al., 2008; Erkkila and Lichtenstein, 2006). Soluble fibers like those 
of oats and barley rich in β-glucan might contribute to their lipid-
lowering property by acting as bile acid sequestrants and inhibit 
fatty acid synthesis as well as by upregulating LDL-R and thus 

lowering TC, LDL-c and TG levels (Mannarino et al., 2014). In ad-
dition, it reduces insulin secretion and therefore decreases glucose 
absorption, which in turn attenuates cholesterol synthesis in the 
liver (Mann et al., 2007). A meta-analysis conducted by Brown et 
al. (1999) with 67 RCTs investigated the lipid-lowering effect of 
soluble fibers (dose of 2 to 10 g/day) and revealed a reduction of 
TG by 1.25 mg/dL, LDL-c by 2.2 mg/dL for every l g of soluble 
fibers. Another meta-analysis with 28 RCTs (>3 g of β-glucan) also 
indicated that consumption of oat (β-glucan) could significantly 
reduce the levels of TC and LCD-c without any change in HDL-c 
as compared to the baseline (Whitehead et al., 2014).

Other minor hypolipidemic or hypocholesterolemic agents in-
cluding resveratrol (red wine), quercetin (onion juice), royal jelly 
(honey), prune juice, anthocyanins, play a crucial role in reducing 
the CVD risk, that was evidenced by few preclinical and clinical 
studies.

2.20. Grape polyphenols (red wine)

Grape/wine polyphenols is the major reason for the French para-
dox (Chen et al., 2008). Numerous studies have confirmed that the 
cardioprotective activity of grapeseed polyphenol extract is due 
to the presence of proanthocyanidins and resveratrol (Chiu et al., 
2016b; Berrougui et al., 2009; Bagchi et al., 2003). A clinical trial 
conducted by Razavi et al. (2013) concluded that supplementation 
of grapeseed extract for 8 weeks significantly lowered the total 
cholesterol (by 10.68 mg/dL), LDL-c (by 9.66 mg/dL), but a slight 
decrease in the levels of VLDL and TG.

2.21. Quercetin (onion)

There is ample evidence confirming lipid-lowering activity of on-

Figure 1. Schematic representation of mechanism of action of functional foods and nutraceuticals. 
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ion attributed mainly to its high content of flavonoids, especially 
quercetin (Gnoni et al., 2009; Glasser et al., 2002). The proposed 
lipid-lowering activity mechanism of quercetin increased fecal bile 
acid excretion and cholesterol absorption as well as upregulation 
of LDL-R protein expression, thus it efficiently reduced the blood 
lipid levels (Lee et al., 2011; Arai et al., 2000). A clinical trial 
conducted by Lu et al. (2015) also confirmed that consumption 
of quercetin-rich onion juice for 8 weeks considerably attenuated 
the total cholesterol, and LDL-c in mildly hypercholesterolemic 
subjects.

2.22. Royal jelly (honey)

Royal jelly (RJ) is a secretory product from the worker’s bees, and 
it is rich in lipids, protein, carbohydrates, vitamins and minerals, 
therefore it is recommended as a functional food due to its high 
nutritive value (Ramadan and Al-Ghamdi, 2012; Isidorova et al., 
2009). Many studies have indicated that major RJ proteins (MRJP) 
might interfere in micelle formation, upregulate protein expression 
of cholesterol-7α hydrolase (CYP7A1) enzyme, which is involved 
in bile acid synthesis and thus lowering lipid levels (Nagaoko et 
al., 2010; Kashima et al., 2014). The above statement was well 
supported by a recent clinical trial conducted by Chiu et al. (2017a) 
who confirmed that the intake of RJ for 3 months markedly im-
proved lipid profile and thereby showcasing its hypolipidemic 
property in mildly hypercholesterolemic adults.

2.23. Prune juice

Prune (Prunus domestica) has been extensively used for its various 
biological properties and hence considered as a functional food 
(Sapuntzakis et al., 2001). Few pre-clinical studies have demon-
srated the lipid-lowering activity of prune due to the presence of 
pectin, and phytosterols by enhancing bile acid excretion and by 
hindering bile cholesterol absorption as well as by upregulating the 
expression of hepatic LDL-R (Igwe and Charlton, 2016; Sapuntza-
kis, 2013). Lately, a clinical trial by Chiu et al. (2017b) highlighted 
that consumption of prune juice lowers the total cholesterol by 7%, 
and LDL-c by 6.5% in mild hypercholesterolemic individuals.

Limitation of the present review are only focusing on the popu-
lar (major/minor) nutraceuticals/functional foods with hypocho-
lesterolemic or hypolipidemic activities and their mechanism. 
Nevertheless, few more nutraceuticals/functional foods (non-pop-
ular) are also focused for hypocholesterolemic or hypolipidemic 
activities. The schematic representation of present review is por-
traited in Figure 1.

3. Conclusion

The current recommendations for treating hypercholesterolemia/
hyperlipidemia, especially with major (popular) and minor nu-
traceuticals/functional foods (lipid-lowering property) including 
meta-analysis and RCTs. Based on the evidences provided, we 
recommend that nutraceuticals/functional foods (plant sterols/
stanols, red yeast rice, green tea catechins, curcumin, berberine, 
garlic, spirulina, fish oil, soybean (protein), pre- and probiotics and 
soluble fibers) might be used in monotherapy or combination ther-
apy (adjuvant therapy) with other standard lipid-lowering drugs to 
combat the CVD-related complications. However, further studies 
are required to determine the dosage of these nutraceuticals/func-
tional foods and to identify fully the active components responsi-

ble for their lipid-lowering activity.
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