
Natural Support for Lipid Metabolism 
and Cardiovascular Health



Cardiovascular disease remains the leading cause of death in the United States, driven by a decades-
long process, with dyslipidemia at its core.1 While statins remain the cornerstone of lipid-lowering 
therapy, approximately 15% of patients prescribed statins do not refill their initial prescriptions, and 
over half are non-adherent by one year, indicating inadequate long-term control of ongoing lipid-
based cardiovascular risk.2 In addition to non-adherence because of either statin intolerance, patient 
preference or statin ineligibility, some patients do not meet lipid targets despite statin use. Analysis of 
data from the U.S. National Health and Nutrition Examination Survey indicates that among patients 
with known atherosclerotic cardiovascular disease, for example, nearly 80% of those taking statins 
are not meeting lipid targets.3 Thus, a solid incentive exists to provide lipid-lowering nutraceuticals 
with a strong evidence base to either complement drug-based therapies or provide an alternative for 
patients unable or unwilling to adhere to statin therapy.

Clinical doses of well-researched ingredients, such as red yeast rice, phytosterols, garlic, berberine, 
and delta-tocotrienol, provide support for healthy lipid metabolism and reduction in cardiovascular 
disease risk. Clinical trial evidence indicates that individually these ingredients reduce LDL cholesterol 
(LDL-C), total cholesterol, ApoB, oxidized LDL-C (oxLDL), and triglycerides, while increasing HDL 
cholesterol (HDL-C) and ApoA1. Additionally, they have distinct mechanisms of action, including the 
inhibition of cholesterol synthesis, upregulation of cholesterol clearance, and prevention of dietary 
cholesterol absorption, which allow for a more potent effect together than when used in isolation. 
More than only a reduction in cholesterol, the combination of these natural ingredients has also been 
shown to reduce inflammation, lower blood pressure, stabilize arterial plaques, and reduce coronary 
artery calcium scores. They are also very well-tolerated, and in clinical trials, they have generally 
enhanced the effects of other lipid-lowering agents. 

The International Lipid Expert Panel provides class IA recommendations for both red yeast rice 
extract and berberine, for example, indicating that they are effective and have supportive data from 
multiple randomized clinical trials. Furthermore, this same expert panel describes the potential 
synergy of compounds with different lipid-lowering activities and mechanisms of action when used 
in combination, as well as the additional benefit observed when used in combination with statins, 
providing additional clinical evidence for garlic, phytosterols, and tocotrienols.4 This latter benefit may 
also include the ability to achieve the same lipid-lowering effects while using a lower (and potentially 
more tolerable) dose of statin medications.

Red Yeast Rice

Red yeast rice extract (RYR) has extensive clinical evidence as well as many randomized and double-
blinded trials demonstrating its lipid-lowering properties. Fermentation of yeast (Monascus purpureus) 
on rice produces the complex of natural compounds found in RYR, including monacolins and 
polyketides, which act in part by inhibiting 3-hydroxy-3-methyl-glutarylCoA (HMG-CoA) reductase, 
the rate-limiting enzyme in cholesterol synthesis. For example, the most abundant monacolin in 
RYR is monacolin K, shown to significantly reduce LDL-C in clinical trials, even at low doses.5,6 RYR 
provides as many as 23 monacolins, as well as many sterols, flavonoids, lignans, polysaccharides, and 
other bioactive compounds.7 Given the diverse nature of the bioactive compounds within RYR, it is 
likely to have complementary actions in addition to HMG-CoA reductase inhibition; it has also been 
shown to reduce levels of matrix metalloproteinases 2 and 9, hs-CRP, ox-LDL, to improve markers of 
arterial health, such as flow-mediated dilation, and to stabilize vulnerable atherosclerotic plaque in 
experimental studies.8,9,10,11 



Multiple systematic reviews of randomized and controlled trials indicate that RYR significantly lowers 
LDL cholesterol by 15-34% (weighted mean difference (WMD) of 28.94 mg/dL), total cholesterol by 
16-31% (WMD of 33.16 mg/dL), and triglycerides by 0-36% (WMD of 23.36 mg/dL), while increasing 
HDL cholesterol by up to 20% (WMD of 2.49 mg/dL), with greater effects observed among study 
participants with dyslipidemia.7,12,13,14  In a meta-analysis of trials, RYR was also found to significantly 
reduce ApoB (mean difference of -27.98), an important indicator of cardiovascular disease risk.15,16 

These favorable effects on lipids have also translated into risk reduction for hard outcomes; a 
systematic review of RYR preparations given to participants with metabolic syndrome (Met-S) found 
significant reductions in the risk for mortality (-38%) and major adverse cardiovascular events (MACEs, 
-46%), as well as secondary outcomes such as blood glucose, hemoglobin A1c, blood lipids, and 
blood pressure.17 An RYR extract also reduced the risk of major coronary events in a study population 
of 5,000 individuals with a previous heart attack, associated with a 45% relative risk reduction and a 
4.7% absolute risk reduction (compared to placebo) over 4.5 years.18 A meta-analysis of randomized 
trials of RYR supplementation also found reduced risk for several cardiovascular outcomes among 
people with borderline hypercholesterolemia.19

RYR has been found to be remarkably safe. Analysis of pooled data from 53 randomized clinical 
trials and over 8,500 participants found RYR and monacolin K to be safe and well-tolerated, with no 
increase in musculoskeletal adverse events and a lower risk for both non-musculoskeletal and serious 
adverse events compared to controls.20 RYR has also been found to be well-tolerated among people 
intolerant to standard lipid therapy, providing a viable alternative option to control dyslipidemia.21,22,23

Phytosterols

Phytosterols, including B-sitosterol, campesterol, and stigmasterol, are natural constituents of 
plants that are structurally similar to cholesterol. Because of this similarity, they compete with 
dietary cholesterol for absorption into intestinal micelles via a common transporter (NPC1L1).24 
Yet while approximately 35-70% of dietary cholesterol is absorbed, less than one percent of sterols 
are ultimately retained (unlike cholesterol, sterols are primarily pumped back into the intestinal 
lumen by ABCG-5 and -8), with the plasma concentration of sterols 1000-fold lower than plasma 
cholesterol.25,26 In addition to reducing the absorption of dietary cholesterol, phytosterols also modify 
the metabolism of cholesterol in both intestinal and hepatic cells, increasing its excretion and 
inhibiting its synthesis.27 Phytosterols have anti-inflammatory and antioxidant properties, reducing 
the production of proinflammatory cytokines such as IL-6 and tumor necrosis factor (TNF)-α.28 In two 
randomized clinical trials, supplementation was also shown to improve insulin resistance, as well 
as reduce both inflammation and liver enzymes among participants with non-alcoholic fatty liver 
disease (NAFLD).29,30,31 

Phytosterols have been well-established to improve dyslipidemia, with notable dose-dependent 
reductions in total cholesterol, LDL-C, and triglycerides. At a dose of 2-3 g/day, LDL-C is reduced by 
approximately 6-12% and triglycerides 6-9%, with no significant effect on HDL-C.13 A meta-analysis 
restricted to studies that enrolled postmenopausal women found that at doses of at least 2 g per day, 
total cholesterol was reduced by 22.22 mg/dl and LDL-C by 10.14 mg/dl, with larger reductions in 
LDL-C among women with a BMI ≥25 kg/m2.32 Some individuals absorb higher amounts of dietary 
cholesterol, and phytosterol supplementation has a greater magnitude on absolute and percent 
LDL-C reduction in these individuals.33 A meta-analysis of 31 randomized and controlled trials, with 51 
arms, found that phytosterol supplementation was associated with favorable effects on lipid profiles, 



including reductions in ApoB, ApoE, and the ApoB/ApoAI ratio, as well as an increase in ApoAI.34 
Phytosterols have also been used alongside standard lipid therapy, further increasing total and LDL-C 
reductions.35 Similarly, phytosterols have been shown to enhance the reductions of LDL-C and ApoB 
when combined with RYR, indicative of complementary mechanisms.36

Garlic

Supplementation with garlic, particularly aged garlic extract (AGE), has also been shown to modulate 
many cardiovascular risk factors, with lipid-lowering, cardioprotective, and anti-atherogenic 
properties. Often attributed to its sulfur-containing bioactive compounds, including alliin, allicin, 
S-allyl cysteine, and diallyl trisulfide, these compounds act through a diverse range of biological 
mechanisms, having hypolipidemic and hypotensive along with antioxidant, and anti-inflammatory 
effects.37 Garlic’s lipid-lowering properties appear to be mediated by both an inhibition of dietary 
cholesterol absorption and inhibition of cholesterol synthesis.13 Experimental models also suggest 
garlic may upregulate the expression of lipolytic genes while downregulating fat degradation genes, 
promoting a “browning” of white adipose tissue.38,39

Numerous clinical trials have supported the efficacy of garlic in reducing total and LDL-C. A meta-
analysis of 39 clinical trials among hyperlipidemic participants found that garlic supplementation 
reduced total serum cholesterol by 17 mg/dL and LDL-C by 9 mg/dL.40,41 Garlic’s anti-inflammatory 
effects were also supported by a meta-analysis of 17 randomized trials which found significant 
reductions in C-reactive protein and TNF-α with garlic supplementation.42 A meta-analysis of 
19 randomized and controlled trials among study participants with Met-S found that garlic 
supplementation not only significantly reduced total and LDL-C, but also lowered triglycerides, 
diastolic blood pressure, waist circumference, and BMI.43 Improvements in lipid profiles and coronary 
artery calcium scores among people with coronary artery disease have also been documented with 
garlic supplementation.44

Indeed, in a systematic review of controlled trials evaluating the efficacy of any intervention to 
attenuate cardiovascular calcification, including other lipid-lowering agents and HMG-CoA reductase 
inhibitors, only AGE consistently showed benefit.45 In a randomized and placebo-controlled year-long 
trial, AGE was shown to inhibit coronary artery calcium progression, and lower IL-6, fasting blood 
glucose and blood pressure among patients at higher risk for cardiovascular events.46 The AGE at 
Heart Trial, a double-blind randomized and placebo-controlled trial that enrolled participants with 
uncontrolled hypertension, found that AGE supplementation reduced mean blood pressure by  
5 mmHg, and among responders, it reduced systolic blood pressure (SBP) by 11.5 and diastolic 
blood pressure (DBP) by 6.3 mmHg. Improvements in central hemodynamics were also observed in 
this trial, including central blood pressure and pulse wave velocity.47 A hypotensive effect of garlic is 
consistent with findings from a previous meta-analysis which found a reduction of 8.7 and 6.1 mmHg 
in SBP and DBP, respectively, among people with hypertension.48

Berberine

Berberine is an isoquinoline-type alkaloid that occurs naturally in the root and bark of several 
plant species. It has a long history of use in traditional Chinese medicine as well as a growing 
evidence base for its favorable effects on both lipid and glucose metabolism. It has many positive 
metabolic actions, including activation of AMPK (AMP-activated protein kinase), modulation of 
mitochondrial function, inhibition of adipogenesis signaling (PPARγ and C/EBPα), and enhanced 



insulin sensitivity, as well as a lipid-lowering effect mediated via increasing the expression of the LDL 
receptor (LDLR), which enhances LDL-C clearance.49 Several mechanisms may drive the increase in 
LDLR expression; perhaps chief among them, berberine either directly or indirectly downregulates 
proprotein convertase subtilisin/kexin type 9 (PCSK9), which degrades LDLR. Berberine inhibits 
PCSK9 transcription and activates regulatory proteins that enhance its degradation.50 Berberine 
also stabilizes the LDLR by activating the Jun N-terminal kinase (JNK)/c-Jun signaling pathway. 
Cumulatively, this increase in LDLR expression increases LDL-C clearance and reduces the amount of 
circulating LDL-C.51

In a systematic review of randomized placebo-controlled trials, which included 18 studies and 
nearly 1800 participants, berberine supplementation was shown to reduce LDL-C by 17.8 mg/dL, 
total cholesterol by 18.6 mg/dL, ApoB by 25 mg/dL, and triglycerides by 30.1 mg/dL.52 Similar lipid 
reductions as well as slight increases in HDL-C have been observed in other meta-analyses.53 Given 
that its primary mechanism of action appears to be inhibition of PCSK9, it has also been shown to 
enhance the hypolipidemic effects of treatments which act through distinct pathways, including 
agents that reduce cholesterol absorption as well as standard HMG-CoA reductase inhibitors, 
including RYR.54,55 Standard HMG-CoA reductase inhibitors upregulate PCSK9 expression, suggesting 
berberine may be an important complement to their use.56 

In addition to its hypolipidemic effects, berberine improves other cardiovascular risk factors. A 
systematic review and meta-analysis of randomized trials found not only favorable changes to serum 
lipids, but significant reductions in fasting blood glucose, insulin, hemoglobin A1c, insulin resistance 
(HOMA-IR), systolic blood pressure, and BMI.57 The improvements in glucose metabolism appear to 
be at least partly mediated by modulation of the gastrointestinal microbiota.58

Delta-Tocotrienol

Naturally occurring vitamin E is comprised of at least 4 tocopherols and 4 tocotrienols, including 
delta-tocotrienol. Tocotrienols are antioxidants reported to have diverse cardiovascular benefits, 
such as lipid-lowering, hypotensive, and anti-atherogenic effects.59 Delta-tocotrienol reduces 
cholesterol synthesis via post-translational suppression of the HMG-CoA reductase enzyme, as well as 
upregulation of its degradation.60,61 

Delta-tocotrienol supplementation (in combination with resveratrol) has been shown to improve 
multiple cardiometabolic risk factors among participants with Met-S in a randomized and placebo-
controlled trial. This included markers of inflammation, such as C-reactive protein, as well as blood 
pressure and fasting plasma glucose levels.62 In a clinical trial that enrolled participants with NAFLD, 
delta-tocotrienol was found to improve multiple endpoints related to hepatic steatosis and insulin 
resistance compared to baseline, such as the fatty liver index, liver-to-spleen attenuation ratio, 
and HOMA-IR. Additionally, it was superior to alpha-tocopherol in terms of reducing inflammation 
(IL-6, TNF-α) and body weight.63 In a placebo-controlled trial, delta-tocotrienol was also found to 
significantly improve glycemic control among individuals with prediabetes.64



Research Summation:  
Lipid-Modulating Mechanisms of Action of Natural Compounds

 •  Improvements in lipid profile, including clinically meaningful decreases in LDL and total 
cholesterol along with triglycerides among people with hyperlipidemia/dyslipidemia

 •  Significant reductions in ApoB, potentially a better indicator of risk than standard lipids

 •  Complementary mechanisms of action when aforementioned compounds are combined, 
including inhibition of HMG-CoA reductase and PCSK9, creates a synergistic effect between 
ingredients 

 •  Multiple well-validated clinical trials demonstrate lipid-lowering efficacy and reduction 
of inflammation, as well as significant lowering of blood pressure among people with 
hypertension

 •  Multiple metabolic benefits, including support for cardiovascular health, glucose control, and 
insulin sensitivity

 •  Well-tolerated, without adverse musculoskeletal effects of standard lipid-lowering treatment



References
1.  O’Toole, T., Kelsey, M. D., Shah, N. P., et al. (2022). Eradicating Atherosclerosis: Should We Start Statins at Younger Ages and 

at Lower LDL-Cs. Current cardiology reports, 24(10), 1397–1406.
2.  Lauffenburger, J. C., Tesfaye, H., Solomon, D. H., et al. (2023). Investigating the ability to adhere to cardiometabolic 

medications with different properties: a retrospective cohort study of >500 000 patients in the USA. BMJ open, 13(11), 
e075840.

3.  Wong, N. D., Young, D., Zhao, Y., et al. (2016). Prevalence of the American College of Cardiology/American Heart Association 
statin eligibility groups, statin use, and low-density lipoprotein cholesterol control in US adults using the National Health 
and Nutrition Examination Survey 2011-2012. Journal of clinical lipidology, 10(5), 1109–1118.

4.  Banach, M., Patti, A. M., Giglio, R. V., et al (2018). The Role of Nutraceuticals in Statin Intolerant Patients. Journal of the 
American College of Cardiology, 72(1), 96–118.

5.  Heinz, T., Schuchardt, J. P., Möller, K., et al. (2016). Low daily dose of 3 mg monacolin K from RYR reduces the concentration 
of LDL-C in a randomized, placebo-controlled intervention. Nutrition research (New York, N.Y.), 36(10), 1162–1170.

6.  Benjian, C., Xiaodan, H., Huiting, P., et al. (2022). Effectiveness and safety of red yeast rice predominated by monacolin K 
β-hydroxy acid form for hyperlipidemia treatment and management. Journal of traditional Chinese medicine = Chung i 
tsa chih ying wen pan, 42(2), 264–271.

7.  Cicero, A. F. G., Fogacci, F., Stoian, A. P., & Toth, P. P. (2023). Red Yeast Rice for the Improvement of Lipid Profiles in Mild-to-
Moderate Hypercholesterolemia: A Narrative Review. Nutrients, 15(10), 2288.

8.  Cicero, A. F., Derosa, G., Parini, A., et al. (2013). Red yeast rice improves lipid pattern, high-sensitivity C-reactive protein, and 
vascular remodeling parameters in moderately hypercholesterolemic Italian subjects. Nutrition research (New York, N.Y.), 
33(8), 622–628.

9.  Zhao, S. P., Liu, L., Cheng, Y. Cet al. (2004). Xuezhikang, an extract of cholestin, protects endothelial function through 
antiinflammatory and lipid-lowering mechanisms in patients with coronary heart disease. Circulation, 110(8), 915–920.

10.  Li, P., Yang, Y., & Liu, M. (2011). Xuezhikang, extract of red yeast rice, inhibited tissue factor and hypercoagulable state 
through suppressing nicotinamide adenine dinucleotide phosphate oxidase and extracellular signal-regulated kinase 
activation. Journal of cardiovascular pharmacology, 58(3), 307–318.

11.  Shen, L., Sun, Z., Chu, S., et al. (2017). Xuezhikang, an extract from red yeast rice, attenuates vulnerable plaque progression 
by suppressing endoplasmic reticulum stress-mediated apoptosis and inflammation. PloS one, 12(11), e0188841.

12.  Rahmani, P., Melekoglu, E., Tavakoli, S., et al. (2023). Impact of red yeast rice supplementation on lipid profile: a systematic 
review and meta-analysis of randomized-controlled trials. Expert review of clinical pharmacology, 16(1), 73–81.

13.  Sahebkar, A., Serban, M. C., Gluba-Brzózka, A., et al. (2016). Lipid-modifying effects of nutraceuticals: An evidence-based 
approach. Nutrition (Burbank, Los Angeles County, Calif.), 32(11-12), 1179–1192.

14.  Gerards, M. C., Terlou, R. J., Yu, H., et al. (2015). Traditional Chinese lipid-lowering agent red yeast rice results in significant 
LDL reduction but safety is uncertain - a systematic review and meta-analysis. Atherosclerosis, 240(2), 415–423.

15.  Li, P., Wang, Q., Chen, K., et al. (2022). Red Yeast Rice for Hyperlipidemia: A Meta-Analysis of 15 High-Quality Randomized 
Controlled Trials. Frontiers in pharmacology, 12, 819482.

16.  Kohli-Lynch, C. N., Thanassoulis, G., Moran, A. E., et al. (2020). The clinical utility of apoB versus LDL-C/non-HDL-C. Clinica 
chimica acta; international journal of clinical chemistry, 508, 103–108.

17.  Yuan, R., Yuan, Y., Wang, L, et al. (2022). Red Yeast Rice Preparations Reduce Mortality, Major Cardiovascular Adverse Events, 
and Risk Factors for Metabolic Syndrome: A Systematic Review and Meta-analysis. Frontiers in pharmacology, 13, 744928.

18.  Lu, Z., Kou, W., Du, B., et al. (2008). Effect of Xuezhikang, an extract from red yeast Chinese rice, on coronary events in a 
Chinese population with previous myocardial infarction. The American journal of cardiology, 101(12), 1689–1693.

19.  Sungthong, B., Yoothaekool, C., Promphamorn, S., et al. (2020). Efficacy of red yeast rice extract on myocardial infarction 
patients with borderline hypercholesterolemia: A meta-analysis of randomized controlled trials. Scientific reports, 10(1), 
2769.

20.  Fogacci, F., Banach, M., Mikhailidis, D. P., et al. (2019). Safety of red yeast rice supplementation: A systematic review and 
meta-analysis of randomized controlled trials. Pharmacological research, 143, 1–16.

21.  Halbert, S. C., French, B., Gordon, R. Y, et al. (2010). Tolerability of red yeast rice (2,400 mg twice daily) versus pravastatin (20 
mg twice daily) in patients with previous statin intolerance. The American journal of cardiology, 105(2), 198–204.

22.  Banach, M., Patti, A. M., Giglio, R. V., et al. The Role of Nutraceuticals in Statin Intolerant Patients. Journal of the American 
College of Cardiology, 72(1), 96–118.

23  Xue, Y., Tao, L., Wu, S., et al. (2017). Red yeast rice induces less muscle fatigue symptom than simvastatin in dyslipidemic 
patients: a single center randomized pilot trial. BMC cardiovascular disorders, 17(1), 127.

24.  Davis, H. R., Jr, Zhu, L. J., Hoos, L. M., et al. (2004). Niemann-Pick C1 Like 1 (NPC1L1) is the intestinal phytosterol and 
cholesterol transporter and a key modulator of whole-body cholesterol homeostasis. The Journal of biological chemistry, 
279(32), 33586–33592.

25.  Weingärtner, O., Böhm, M., & Laufs, U. (2009). Controversial role of plant sterol esters in the management of 
hypercholesterolaemia. European heart journal, 30(4), 404–409.

26.  Makhmudova, U., Schulze, P. C., Lütjohann, D., et al. (2021). Phytosterols and Cardiovascular Disease. Current atherosclerosis 
reports, 23(11), 68.



27.  Calpe-Berdiel, L., Escolà-Gil, J. C., & Blanco-Vaca, F. (2009). New insights into the molecular actions of plant sterols and 
stanols in cholesterol metabolism. Atherosclerosis, 203(1), 18–31.

28.  Salehi, B., Quispe, C., Sharifi-Rad, J., et al. (2021). Phytosterols: From Preclinical Evidence to Potential Clinical Applications. 
Frontiers in pharmacology, 11, 599959.

29.  Chen D.-L., Huang P.-H., Chiang C.-H., et al. (2015). Phytosterols increase circulating endothelial progenitor cells and insulin-
like growth factor-1 levels in patients with nonalcoholic fatty liver disease: A randomized crossover study. J. Funct. Foods. 
13:148–157.

30.  Javanmardi, M. A., Mohammad Shahi, M., Seyedian, S. S., et al. (2018). Effects of Phytosterol Supplementation on Serum 
Levels of Lipid Profiles, Liver Enzymes, Inflammatory Markers, Adiponectin, and Leptin in Patients Affected by Nonalcoholic 
Fatty Liver Disease: A Double-Blind, Placebo-Controlled, Randomized Clinical Trial. Journal of the American College of 
Nutrition, 1–8. Advance online publication.

31.  Frasinariu, O., Serban, R., Trandafir, L. M., et al. (2022). The Role of Phytosterols in Nonalcoholic Fatty Liver Disease. Nutrients, 
14(11), 2187.

32.  Xia, W., Xiang, S., Gaman, M. A, et al. (2022). The effects of phytosterol and phytostanol supplementation on the lipid profile 
in postmenopausal women: A systematic review and meta-analysis of randomized controlled trials. Phytotherapy research 
: PTR, 36(12), 4398–4408.

33.  Fumeron, F., Bard, J. M., & Lecerf, J. M. (2017). Interindividual variability in the cholesterol-lowering effect of 
supplementation with plant sterols or stanols. Nutrition reviews, 75(2), 134–145.

34.  Ghaedi, E., Kord-Varkaneh, H., Mohammadi, H., et al. (2020). Phytosterol Supplementation Could Improve Atherogenic and 
Anti-Atherogenic Apolipoproteins: A Systematic Review and Dose-Response Meta-Analysis of Randomized Controlled 
Trials. Journal of the American College of Nutrition, 39(1), 82–92.

35.  Malina, D. M., Fonseca, F. A., Barbosa, S. A., et al. (2015). Additive effects of plant sterols supplementation in addition to 
different lipid-lowering regimens. Journal of clinical lipidology, 9(4), 542–552.

36.  Cicero, A. F. G., Fogacci, F., Rosticci, M., et al. (2017). Effect of a short-term dietary supplementation with phytosterols, red 
yeast rice or both on lipid pattern in moderately hypercholesterolemic subjects: a three-arm, double-blind, randomized 
clinical trial. Nutrition & metabolism, 14, 61.

37.  Li, M., Yun, W., Wang, G., et al. (2022). Roles and mechanisms of garlic and its extracts on atherosclerosis: A review. Frontiers 
in pharmacology, 13, 954938.

38.  Shi, X., Zhou, X., Chu, X., et al. (2019). Allicin Improves Metabolism in High-Fat Diet-Induced Obese Mice by Modulating the 
Gut Microbiota. Nutrients, 11(12), 2909.

39.  Lee, C. G., Rhee, D. K., Kim, B. O., et al. (2019). Allicin induces beige-like adipocytes via KLF15 signal cascade. The Journal of 
Nutritional Biochemistry, 64, 13–24.

40.  Ried, K., Toben, C., & Fakler, P. (2013). Effect of garlic on serum lipids: an updated meta-analysis. Nutrition reviews, 71(5), 
282–299.

41.  Sun, Y. E., Wang, W., & Qin, J. (2018). Anti-hyperlipidemia of garlic by reducing the level of total cholesterol and low-density 
lipoprotein: A meta-analysis. Medicine, 97(18), e0255.

42.  Mirzavandi, F., Mollahosseini, M., Salehi-Abargouei, A., et al. (2020). Effects of garlic supplementation on serum 
inflammatory markers: A systematic review and meta-analysis of randomized controlled trials. Diabetes & metabolic 
syndrome, 14(5), 1153–1161.

43.  Fu, Z., Lv, J., Gao, X., et al. (2023). Effects of garlic supplementation on components of metabolic syndrome: a systematic 
review, meta-analysis, and meta-regression of randomized controlled trials. BMC complementary medicine and therapies, 
23(1), 260.

44.  Gadidala, S. K., Johny, E., Thomas, C., et al. (2023). Effect of garlic extract on markers of lipid metabolism and inflammation 
in coronary artery disease (CAD) patients: A systematic review and meta-analysis. Phytotherapy research : PTR, 37(6), 
2242–2254.

45.  Murali, S., Smith, E. R., Tiong, M. K., et al. (2023). Interventions to Attenuate Cardiovascular Calcification Progression: A 
Systematic Review of Randomized Clinical Trials. Journal of the American Heart Association, 12(23), e031676.

46.  Wlosinska, M., Nilsson, A. C., Hlebowicz, J., et al. (2020). The effect of aged garlic extract on the atherosclerotic process - a 
randomized double-blind placebo-controlled trial. BMC complementary medicine and therapies, 20(1), 132.

47.  Ried, K., Travica, N., & Sali, A. (2016). The effect of aged garlic extract on blood pressure and other cardiovascular risk factors 
in uncontrolled hypertensives: the AGE at Heart trial. Integrated blood pressure control, 9, 9–21.

48.  Ried K. (2016). Garlic Lowers Blood Pressure in Hypertensive Individuals, Regulates Serum Cholesterol, and Stimulates 
Immunity: An Updated Meta-analysis and Review. The Journal of nutrition, 146(2), 389S–396S.

49.  Yin, J., Zhang, H., & Ye, J. (2008). Traditional chinese medicine in treatment of metabolic syndrome. Endocrine, metabolic & 
immune disorders drug targets, 8(2), 99–111.

50.  Ataei, S., Kesharwani, P., & Sahebkar, A. (2022). Berberine: Ins and outs of a nature-made PCSK9 inhibitor. EXCLI journal, 21, 
1099–1110.

51.  Cai, Y., Yang, Q., Yu, Y., et al. (2023). Efficacy and underlying mechanisms of berberine against lipid metabolic diseases: a 
review. Frontiers in pharmacology, 14, 1283784.

52.  Blais, J. E., Huang, X., & Zhao, J. V. (2023). Overall and Sex-Specific Effect of Berberine for the Treatment of Dyslipidemia in 



Adults: A Systematic Review and Meta-Analysis of Randomized Placebo-Controlled Trials. Drugs, 83(5), 403–427.
53.  Ju, J., Li, J., Lin, Q., et al. (2018). Efficacy and safety of berberine for dyslipidaemias: A systematic review and meta-analysis of 

randomized clinical trials. Phytomedicine : international journal of phytotherapy and phytopharmacology, 50, 25–34.
54.  Zhang, L. S., Zhang, J. H., Feng, R., et al. (2019). Efficacy and Safety of Berberine Alone or Combined with Statins for the 

Treatment of Hyperlipidemia: A Systematic Review and Meta-Analysis of Randomized Controlled Clinical Trials. The 
American journal of Chinese medicine, 47(4), 751–767.

55.  Pisciotta, L., Bellocchio, A., & Bertolini, S. (2012). Nutraceutical pill containing berberine versus ezetimibe on plasma lipid 
pattern in hypercholesterolemic subjects and its additive effect in patients with familial hypercholesterolemia on stable 
cholesterol-lowering treatment. Lipids in health and disease, 11, 123.

56.  Li, H., Dong, B., Park, S. W., et al. (2009). Hepatocyte nuclear factor 1alpha plays a critical role in PCSK9 gene transcription 
and regulation by the natural hypocholesterolemic compound berberine. The Journal of biological chemistry, 284(42), 
28885–28895.

57.  Zamani, M., Zarei, M., Nikbaf-Shandiz, M., et al. (2022). The effects of berberine supplementation on cardiovascular risk 
factors in adults: A systematic review and dose-response meta-analysis. Frontiers in nutrition, 9, 1013055.

58.  Zhang, Y., Gu, Y., Ren, H., et al. (2020). Gut microbiome-related effects of berberine and probiotics on type 2 diabetes (the 
PREMOTE study). Nature communications, 11(1), 5015.

59.  Wong, R. S., & Radhakrishnan, A. K. (2012). Tocotrienol research: past into present. Nutrition reviews, 70(9), 483–490.
60.  Song, B. L., & DeBose-Boyd, R. A. (2006). Insig-dependent ubiquitination and degradation of 3-hydroxy-3-methylglutaryl 

coenzyme a reductase stimulated by delta- and gamma-tocotrienols. The Journal of biological chemistry, 281(35), 25054–
25061.

61.  Parker, R. A., Pearce, B. C., Clark, R. W., et al. (1993). Tocotrienols regulate cholesterol production in mammalian cells by post-
transcriptional suppression of 3-hydroxy-3-methylglutaryl-coenzyme A reductase. The Journal of biological chemistry, 
268(15), 11230–11238.

62.  Fatima, S., Khan, D. A., Aamir, M., et al. (2023). δ-Tocotrienol in Combination with Resveratrol Improves the Cardiometabolic 
Risk Factors and Biomarkers in Patients with Metabolic Syndrome: A Randomized Controlled Trial. Metabolic syndrome and 
related disorders, 21(1), 25–34.

63.  Pervez, M. A., Khan, D. A., Mirza, et al. (2022). Comparison of delta-tocotrienol and alpha-tocopherol effects on hepatic 
steatosis and inflammatory biomarkers in patients with non-alcoholic fatty liver disease: A randomized double-blind 
active-controlled trial. Complementary therapies in medicine, 70, 102866.

64.  Suleman, F., Khan, D. A., Pervez, M. A., et al. (2022). Effects of delta-tocotrienol supplementation on glycaemic control in 
individuals with prediabetes: A randomized controlled study. JPMA. The Journal of the Pakistan Medical Association, 72(1), 
4–7.

LIT-382   Rev. 04/24


