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Key points 

1. HDL and LDL modifications in CKD contribute to increased cardiovascular risk. 

Targeting these modifications may reveal interesting future strategies for therapy. 

2. In CKD, alterations in proteome content, metabolic waste accumulation and post-

translational modifications transform HDL from an anti-inflammatory to a pro-in-

flammatory molecule and enhance the pro-inflammatory character of LDL. 

3. HDL modifications and the altered relation of HDL levels with cardiovascular risk 

in CKD compared with the general population support the concept that HDL-func-

tionality rather than HDL-cholesterol levels influences cardiovascular risk. 

4. With increased kidney function decline, non-atherosclerotic CVD increasingly con-

tributes to cardiovascular risk, further contributing to an altered correlation of lipo-

protein levels with overall cardiovascular risk. 

5. Deregulated fatty acid metabolism and mitochondrial dysfunction not only nega-

tively impact on the heart, but also on kidney pathology through inflammation and 

fibrosis, with protective effects provided by autophagy. 

6. Accumulation of saturated fatty acids triggers mitochondrial and cell damage in the 

kidney, whereas polyunsaturated fatty acids docosahexaenoic acid and eicosa-

pentaenoic acid provide protective effects. 
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Abstract 1 

Chronic kidney disease (CKD) induces modifications in lipid and lipoprotein metabo-2 

lism and homeostasis. These modifications can induce, modulate and/or accelerate 3 

CKD as well as the secondary disease cardiovascular disease (CVD). Lipid and lipo-4 

protein abnormalities may involve triglyceride-rich lipoproteins, low-density lipoprotein 5 

(LDL) and high-density lipoprotein (HDL), with alterations not only linked to concentra-6 

tion but also to molecular structure including protein composition, small-molecule ac-7 

cumulation as well as post-translational modifications. These alter lipoprotein function 8 

and enhance pro-inflammatory processes. Furthermore, a deregulated metabolism of 9 

fatty acids as important lipid mediators in energy production has been identified to not 10 

only negatively impact on the heart, but to contribute also to progression of kidney 11 

damage. By summarizing causes, identity and pathophysiological consequences of 12 

lipid and lipoprotein modifications in CKD, this review aims to stimulate additional fu-13 

ture efforts in unraveling the pathophysiological link between the failing kidney and 14 

genesis and/or progression of CVD. 15 

16 
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Introductory box with figure  1 

Lipids are hydrophobic and therefore not soluble in aqueous media, e.g. in plasma. 2 

Therefore, free fatty acids are mainly transported by binding to albumin, whereas tri-3 

glycerides (being esters of three fatty acids with glycerol) and cholesterol are trans-4 

ported within lipoprotein particles. Here, lipids and proteins aggregate non-covalently 5 

to form micelle-like particles with a hydrophobic core of cholesterol esters and triglyc-6 

erides. The lipoprotein shell consists of phospholipids, the hydroxyl-groups of unester-7 

ified cholesterol and proteins, generally known as apolipoproteins (Figure 1A). 8 

The metabolism of lipids and lipoproteins can be divided into exogenous and 9 

endogenous pathways (Figure 1B). In the exogenous pathway, lipids are absorbed in 10 

the intestine. Fatty acids react with glycerol to form triglycerides, and cholesterol is 11 

esterified to form cholesterol esters. Triglycerides and cholesterol are assembled in-12 

tracellularly as chylomicrons. Chylomicrons are metabolized to chylomicron remnants 13 

by lipoprotein lipase, releasing free fatty acids from its triglycerides for energy storage 14 

or production. To the latter, free non-esterified fatty acids are transported into mito-15 

chondria, where they undergo ɓ-oxidation to feed the citric acid cycle and respiratory 16 

chain for energy production in the form of adenosine triphosphate (ATP). Chylomicron 17 

remnants are cleared from the circulation by hepatic chylomicron remnant receptors 18 

before further metabolism to bile acids and cholesterol.  19 

Endogenously, the liver generates very low-density lipoproteins (VLDL), 20 

whose triglycerides are subsequently hydrolysed by lipases in peripheral tissues for 21 

energy storage or production. The VLDL lipid content is reduced by the lipolysis pro-22 

cess, whereby intermediate-density lipoproteins (IDL) are generated. By uptake of 23 

cholesterol esters from HDL, IDL is transformed to low-density lipoproteins (LDL). 24 

LDL is either metabolized by the liver or, upon excess, deposited in peripheral tissues 25 

and taken up by macrophages, triggering atherosclerosis1. On the other hand, high-26 

density lipoproteins (HDL) exert important cardioprotective properties through re-27 

verse cholesterol transport, taking up excess cholesterol from peripheral tissues for 28 

transport and removal in the liver1,2. 29 

These different lipoprotein classes can be distinguished based on density, which 30 

reflects their relative proportion of proteins and lipids (Figure 1A)3. Furthermore, they 31 

alter in the main apolipoprotein within their outer shell, with these apolipoproteins ex-32 

erting important roles in lipoprotein metabolism and function4.  33 
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Figure 1. Lipoprotein structure, classification and metabolism. A. Within lipoprotein parti-3 
cles, lipids and proteins aggregate non-covalently to form micelle-like particles with a hydro-4 
phobic core of cholesterol esters and triglycerides and an outer shell of phospholipids, unester-5 
ified cholesterol and apolipoproteins. Lipoprotein particles are classified based on their density 6 
and differ in lipid and protein composition3. B. Lipid metabolism can be divided into an exoge-7 
nous pathway, with dietary fat assembled into chylomicrons, and into an endogenous pathway, 8 
with VLDL particles synthesized in the liver. Both chylomicrons and VLDL mediate transfer of 9 
mainly triglycerides to cells and peripheral tissue, where triglycerides are hydrolysed into free 10 
fatty acids for energy storage in adipocytes or energy use, the latter through ɓ-oxidation in the 11 
mitochondria. Chylomicron remnants are metabolized by the liver, whereas VLDL is trans-12 
formed by triglyceride depletion over IDL into LDL. LDL mediates cholesterol removal by the 13 
liver or deposits excess cholesterol in tissue, whereas HDL mediates reverse cholesterol from 14 
peripheral tissues into the liver.  15 
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