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Cholesterol and lipid metabolism is a broad topic that encompasses multiple aspects of cellular function in every organ. Cholesterol and lipids are key constituents of cell membranes that are essential to the brain and, at times, detrimental to the heart. Cholesterol and lipid biosynthesis and transport are tightly regulated and, when dysregulation occurs, the consequences can result in disorders such as obesity, fatty liver, type II diabetes and atherosclerosis [1]. The brain contains approximately 25% of total body cholesterol [2]. Lipid dysregulation can profoundly affect the brain and central nervous system in neurodegenerative disorders such as Alzheimer’s disease and Parkinson’s disease [3]. Abnormal cholesterol and lipid metabolism is a prominent feature of cancer growth and metastasis [4,5]. In addition, chronic kidney disease is associated with premature aging, high cardiovascular risk and cardiometabolic abnormalities [6,7]. Dyslipidemia, abnormal lipoprotein composition, oxidative stress and inflammation may all contribute to the relationship between kidney disease and atherosclerotic cardiovascular disease (ASCVD) [8]. In this Special Issue, we have brought together seminal articles from experts in the field covering novel areas of interest in cholesterol and lipid metabolism and its importance in health and longevity.



Cholesterol is a degradation-resistant hydrophobic molecule that is primarily synthesized in the liver and then secreted into the bloodstream in the form of very-low-density lipoprotein (VLDL), which is subsequently converted to low-density lipoprotein (LDL) [9]. LDL binds to the LDL receptor on the cell surface and is then internalized, entering cells via receptor-mediated endocytosis. LDL receptor gene expression is under negative feedback regulation by intracellular cholesterol levels via sterol regulatory element-binding protein (SREBP) [10]. Atherosclerotic cardiovascular disease (ASCVD) risk is currently determined using the lipid profile with an emphasis on the levels of LDL and high-density lipoprotein (HDL) [11]. Clinical progress in reducing the risk of ASCVD and stroke has occurred as new therapeutic strategies evolve to improve lipid profile, reduce inflammation and, moving forward, enhance the quality of lipoprotein carriers such as HDL. It is increasingly recognized that the concentration of circulating lipoprotein particles alone is not an accurate measure of atherogenic potency; instead, the size, density, number of particles and subclasses are important determinants of risk for plaque formation [12,13]. While current guidelines highlight statins as the mainstay of pharmacological lipid-lowering therapy, newer options and combinations such as fibrates, proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors and bempedoic acid are gaining acceptance [14,15].



Our Special Issue encompasses an array of particularly pertinent themes. Gunda et al. [16] combine murine, human and cell culture experiments in a study of cholesterol synthesis in pancreatic adenocarcinoma, one of the most lethal malignancies [17].



Turning to the relationship between kidney disease and the high burden of co-morbidities, Vecka and colleagues present a study which compares 26 hemodialysis patients to 26 age- and sex-matched controls and found that the end-stage renal disease patients exhibited higher cholesterol absorption, increased levels of inflammatory markers and an abnormal lipid profile with lower HDL, elevated intermediate density lipoprotein (IDL) and higher numbers of chylomicron remnants [18]. Higher ASCVD incidence may be related to these differences, but further investigation is needed to clarify this relationship.



Continuing the subject of renal disease and lipid metabolism, Dr. Xiaoyue Pan [19] provides a comprehensive overview of the regulation and function of apolipoproteins in the kidney under normal circumstances and in renal disease states. This review applies a fresh perspective to the individual lipoproteins and how they interact with the kidney. An emphasis is placed on the impact of inflammatory processes that are common in kidney disease and in diabetes where kidney damage and lipid dyshomeostasis co-occur.



Cui et al. [20] examined the fecal metabolome in healthy older adults using (1H) nuclear magnetic resonance spectroscopy and gas chromatography–mass spectrometry in 83 males and 80 females (age 70 ± 5 years). They found increased concentrations of the amino acids valine, alanine and phenylalanine and in the nucleotide base uracil in those with a higher body mass index. Fecal short-chain fatty acids (SCFAs), commonly produced by the fermentation of indigestible fiber by gut bacteria, were found at concentrations that were lower in those classified as the high-fitness group compared to the low-fitness group [21]. SCFAs are implicated in the regulation of inflammation and risk for ASCVD, making this a new contribution with potential clinical application [22].



It is well-recognized that macrophage reverse cholesterol transport through a pathway involving the activation of ATP-binding cassette transporter (ABC) A1 and ABCG1 prevents lipid-overload and foam cell transformation and is therefore atheroprotective [23]. ABCA1 and ABCG1 are transcriptionally upregulated by the nuclear hormone receptors liver X receptor (LXR) and retinoid X receptor (RXR). This pathway also participates in the control of cholesterol efflux from vascular endothelium where the prevention of cholesterol accumulation is anti-inflammatory and anti-apoptotic [24]. Using cultured immortalized mouse aortic endothelial cells, Huang et al. showed that the upregulation of ABCA1 by specific LXR and RXR agonism not only enhanced ABCA1 expression, but also increased apoAI-mediated cholesterol efflux [25]. They postulate that the delivery of LXR/RXR agonists directly to the endothelium could be anti-atherosclerotic with minimal systemic toxicity.



Our own group has contributed a review of the latest information on apoB and ASCVD [26]. This review highlights that ApoB particles, which represent the sum of atherogenic particles circulating in the plasma, are as important or more important than LDL and non-HDL in determining ASCVD risk [27]. Since each apoB-containing lipoprotein particle contains exactly one molecule of apoB, the number of apoB molecules in circulation reflects the atherogenicity in aggregate and may show superior accuracy, particularly in the setting of type 2 diabetes [28].



The consumption of excess sugar is a growing problem that can exacerbate diabetes, contribute to obesity and magnify cardiovascular risk [29,30]. Sugar-sweetened beverages have been linked to dyslipidemia in the Framingham Offspring Study [31]. Busnatu et al. [32] present an interesting perspective on fructose as a risk factor for cardiovascular disease. This paper may spark wide interest as highly processed foods and sweetened beverages containing large amounts of simple sugars are widely consumed and the health consequences of the high-fructose diet are still being explored [33,34,35]. Busnatu et al. address the issue of the COVID-19 pandemic and its adverse effects on activity and diet, making their update particularly timely.



Within this Special Issue of Metabolites, it is our aim to present a collection of clinically relevant articles that highlight some of the more recent and less explored avenues of investigation into the cholesterol and lipid metabolism. We spotlight systemic effects of dysregulated lipid metabolism on overall health and on specific organs such as the heart and kidney. As guest editors, we thank all the authors who contributed to this Special Issue, the peer reviewers and the staff of the Metabolites Editorial Office for their support and contributions. A very special thank you to Ms. Sherlyn Shui, Section Manager Editor, for her invaluable guidance and advice as we put together this issue. We hope that this Special Issue provides valuable information that can help in medical practice, research efforts and/or everyday life and health.
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