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Abstract 
Life expectancy in patients with rheumatoid arthritis 
(RA) is reduced compared to the general population 
owing to an increase in cardiovascular diseases (CVD) 
not fully explained by traditional cardiovascular risk fac-
tors. In recent years, interest has been focused on the 
alterations in lipid metabolism in relation to chronic in-
flammation as one of the possible mechanisms involved 

in the pathogenesis of atherosclerosis of RA patients. 
Research regarding this issue has revealed quantita-
tive alterations in lipoproteins during the acute-phase 
reaction, and has also demonstrated structural altera-
tions in these lipoproteins which affect their functional 
abilities. Although many alterations in lipid metabolism 
have been described in this regard, these structural 
changes associated with inflammation are particularly 
important in high-density lipoproteins as they affect 
their cardioprotective functions. In this respect, exces-
sive oxidation in low-density lipoprotein (LDL) and in-
creased lipoprotein(a) with a predominance of smaller 
apolipoprotein(a) isoforms has also been reported. This 
article will discuss proinflammatory high-density lipo-
proteins (piHDL), oxidized LDL and lipoprotein(a). Ele-
vated concentrations of these lipoproteins with marked 
pro-atherogenic properties have been observed in RA 
patients, which could help to explain the increased car-
diovascular risk of these patients. 
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Core tip: Inflammation plays a major role in the process 
of accelerated atheromatosis in rheumatoid arthritis pa-
tients by modifying the structural and functional prop-
erties of lipoproteins.  
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INTRODUCTION
Rheumatoid arthritis (RA) is a systemic disease of  un-
known etiology, which affects all ethnic groups at a rate 
of  approximately 0.5% to 1% of  the adult population, 
being more prevalent in North America than in Asian 
countries[1,2]. RA is characterized primarily by chronic 
inflammation of  the joints, although it is increasingly rec-
ognized that comorbid conditions, especially cardiovascu-
lar disease (CVD), play a pivotal role in RA outcomes[3]. 
These patients have reduced life expectancy[4] owing to an 
increased mortality rate attributable mainly to CVD, pri-
marily coronary heart disease[5], which results from a pro-
cess of  accelerated atherosclerosis[6], irrespective of  the 
traditional cardiovascular risk factors[7], and is frequently 
silent and subclinical[8]. The excess risk observed in RA 
and other autoimmune diseases appears to be driven by 
a complex interaction between traditional and non-tra-
ditional cardiovascular risk factors, where inflammation 
plays an important role through direct or indirect mecha-
nisms[9,10] such as damaging effects on the vasculature. 
Possible mechanisms involved include lipid metabolism 
disorders related to the inflammatory process itself[11]. 

LIPID ABNORMALITIES IN RA
Lipid abnormalities have been shown to contribute to ac-
celerated atherosclerosis, leading to an increased risk for 
CVD[12]. For decades, increased low-density lipoprotein 
(LDL) levels have been recognized as strong predictors 
of  CVD, and it is also known that high-density lipopro-
teins (HDL) usually protect from atherosclerosis. Data 
on dyslipidemia in RA are conflicting and it appears to 
be present in RA patients with both early and advanced 
disease. Although the exact mechanisms are unknown, 
changes in lipid profiles and acute-phase reactants are 
associated with early atherosclerosis in RA[13]. In this re-
spect, it has been reported that active and untreated RA 
showed a proatherogenic lipid profile, with a decrease 
in high-density lipoprotein cholesterol (HDL-C) being a 
more convincing finding. This appears to be secondary 
to chronic inflammation rather than to primary meta-
bolic alterations in RA[14], since lipid abnormalities can 
be improved by effectively treating RA without using a 
lipid-lowering agent[15]. Further, higher HDL values were 
reported by our group in RA patients treated with low 
doses of  glucocorticoids than in those not treated with 
these drugs, with no increase in LDL cholesterol (LDL-C) 
or triglycerides[16], resulting in apparently beneficial effects 
on the cardiovascular system.

Apart from plasma lipid values, the size and density 
of  these particles are also clinically important. Smaller 
HDL particles probably perform reverse cholesterol 
transport more successfully and therefore confer greater 
cardio-protection[17], whereas small dense LDL particles 
more readily infiltrate the endothelium and thus become 
more susceptible to oxidative changes[18]. In RA, higher 
levels of  small dense LDL particles and lower levels of  
small HDL particles compared with controls have been 

reported[19]. Indeed, this increased level of  small dense 
LDL seems to be common in drug-naïve patients with 
early RA[20].

Nevertheless, all this would probably still be insuf-
ficient to explain the increased cardiovascular risk in RA 
compared to the general population. In the context of  
inflammation, structural alterations of  these particles, 
which undoubtedly affect their function, have also been 
described[11]. Similarly, other less established CVD risk 
factors such as elevated lipoprotein (a) [Lp(a)] may be 
implicated. In this respect, a high prevalence of  hyperli-
poproteinemia has been observed in RA patients[21,22]. All 
these aspects will be developed below. 

HIGH-DENSITY LIPOPROTEIN
Heterogeneity and function of HDL
During the 1970s, numerous studies showed an inverse 
correlation between plasma HDL-C concentrations and 
cardiovascular risk. Decades later, HDL-C was recognized 
as an independent risk factor for coronary heart disease 
and incorporated into clinical practice. This lipoprotein 
is highly heterogeneous[23], with subfractions which can 
be identified by their density, size, charge and protein 
composition. During maturation of  HDL in plasma (pas-
sage of  nascent HDL, HDL2 and HDL3), this particle 
undergoes a series of  modifications or renovations with 
redistribution of  lipids among lipoprotein particles. This 
remodelling involves mainly the phospholipid transfer 
protein (PLTP), cholesteryl ester transfer protein (CETP) 
and hepatic lipase (HL). HDL2 is a larger particle that 
is rich in cholesterol and apolipoprotein AI (apo AI). 
HDL3 are small particles, lipid-poor and contain apo AI 
and apo AII. In general, controversy exits regarding the 
importance of  HDL cholesterol subfractions, HDL2 and 
HDL3, in relation to the anti-atherogenic effect[17,24].

A variety of  functions that may contribute to the 
cardiovascular protective effect have been attributed 
to HDL particles[25]. One of  the most widely accepted 
mechanisms is that HDL facilitates the process known as 
reverse cholesterol transport[26], by which the non-ester-
ified cholesterol from peripheral tissues is transferred to 
HDL and transported to the liver to be excreted in bile 
and feces. There are two main routes for liver uptake of  
transported HDL cholesterol: one is selective uptake via 
receptor type BI (SR-BI), very important in rodents that 
have no natural CETP pathway, and the second pathway, 
important in humans, which involves the transfer of  
cholesterol esters by CETP enzyme to Apo B-containing 
lipoproteins, which are taken up by the liver. In addition, 
specific qualitative aspects have been attributed to HDL 
particles such as the anti-inflammatory, antithrombotic 
and promoting antioxidant properties of  nitric oxide, 
which render a molecule with pleiotropic functions. Re-
garding their antioxidant properties, HDL are involved in 
the inhibition of  LDL oxidation and endothelial inflam-
mation[27], effects due in part to paraoxonase 1 (PON1). 
PON1 is closely linked to HDL particles and confers on 
them antioxidant properties, which represent the main 
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mechanism of  inhibiting the oxidation of  LDL and HDL 
itself[28] (processes directly involved in the early stages 
of  atherosclerosis), and also anti-inflammatory proper-
ties, through activating acetylhydrolase, the enzyme that 
hydrolyzes platelet-activating factor (PAF-AH), with a 
recognized proinflammatory effect.

Proinflammatory HDL
The role of  HDL is not always predictable based on their 
quantitative values[29]. In healthy individuals, in the absence 
of  oxidative stress and systemic inflammation, HDL is 
anti-inflammatory, i.e., with cardioprotective properties. 
However, in patients with chronic diseases, which are 
characterized by oxidative stress and systemic inflamma-
tion, HDL may have proinflammatory properties (piHDL) 
and therefore lose their cardioprotective function[30]. 
During the acute-phase reaction, protein and enzymatic 
changes occur in HDL particles. Serum amyloid protein 
A, apolipoprotein J and pancreatic phospholipase A2 
are present in serum at high concentrations and are in-
corporated into HDL, displacing the usual components 
thereof  such as apo AI, CETP and LCAT (Figure 1). 
Furthermore, other variations in the enzymatic content of  
HDL have also been observed; these include a reduction 
in PON1 and elevated PAF-AH levels as a result of  a de-

creased enzyme acetylhydrolase activity. Together, all these 
changes that occur during the inflammatory process will 
confer pro-atherogenic properties on HDL particles[31].

In accordance with this, it was observed that quan-
titative measurements of  HDL were not predictive of  
subclinical or clinical atherosclerosis in any studies on 
patients with rheumatic diseases[13]. The importance of  
HDL to atherosclerosis in RA becomes apparent when 
qualitative rather than quantitative properties of  HDL 
are measured. Autoimmune rheumatic diseases, being 
states of  chronic inflammation, might be associated with 
piHDL and contribute as an additional risk factor to the 
development of  atherosclerosis[32]. A recent publication 
showed lower activity and mass of  CETP in RA patients 
on glucocorticoid therapy compared with those not tak-
ing glucocorticoids and controls[33], which could imply a 
functional impairment of  HDL given that this enzyme 
plays a pivotal role in reverse cholesterol transport. Also, 
PiHDL have been reported to be present in approximate-
ly 45% of  systemic lupus erythematosus (SLE) patients 
and 20% of  RA patients compared to 4% of  healthy 
controls, with statistically-significant differences[34]. Thus, 
it would be easy to deduce that controlling disease activity 
reduces inflammation and that normalization of  the lipid 
profile is achieved. However, in the same study, interest-
ingly, no correlation was found between SLE and disease 
activity (assessed by SLEDAI), nor was a fluctuation in 
piHDL levels observed over time, even if  disease activity 
changed, thereby suggesting that in these patients there 
is a sustained low-grade level of  inflammation that is ad-
equate for altering HDL particles, or that genetic effects 
play a major role in determining whether an individual 
has protective or proinflammatory HDL.

Published articles regarding the effect of  anti-rheu-
matic therapies or statins on HDL functionality are scant. 
It has been reported that anti-tumor necrosis factor (anti-
TNF) agents and rituximab could have a beneficial effect 
on HDL antiatherogenic capacity[35]. Infliximab is able to 
improve HDL antioxidative capacity, even 6 mo after ini-
tiation of  therapy[36]. Also, changes in the composition of  
HDL, rendering the molecule anti-atherogenic, have been 
described with adalimumab and etanercept[37], as well as 
in patients with good response to treatment with ritux-
imab[38]. However, no difference in HDL antioxidative 
capacity was found after six weeks of  tocilizumab and, to 
our knowledge, no studies have been published on the ef-
fect of  abatacept on HDL function. Furthermore, some 
statins may improve anti-inflammatory and anti-oxidative 
actions of  HDL in the general population[39], although 
only atorvastatin has been studied in RA and has proved 
to significantly reduce the anti-inflammatory capability 
of  HDL[40]. However, it is unclear whether these changes 
would result in a lower incidence of  cardiovascular events 
in these patients. 

LOW-DENSITY LIPOPROTEIN
For decades, raised LDL levels have been recognized as 
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Figure 1  Structural change from normal protective anti-inflammatory 
high-density lipoproteins (A) to proinflammatory high-density lipoproteins 
(B) in the context of inflammation. A-Ⅰ: Apolipoprotein AⅠ; A-Ⅱ: Apolipo-
protein AⅡ; J: Apolipoprotein J; PON1: Paraoxonase 1; PLTP: Phospholipid 
transfer protein; CETP: Cholesteryl ester transfer protein; PAF-HA: Hydrolyzes 
platelet-activating factor; LCAT: Lecitin cholesterol acil transferasa; sPLA2: 
Pancreatic phospholipase A2; SAA: Serum amyloid protein A.
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tein associated with HDL, decreases during the acute-
phase response, and less transferrin in HDL reduces their 
ability to protect against LDL oxidation in vitro[48]. 

Ox-LDL has been detected in the synovium and syno-
vial fluids of  RA patients[49,50]. Also, it has been reported 
that active RA patients had significantly increased serum 
Ox-LDL levels than inactive RA or age-matched con-
trols[51]. Nevertheless, few studies have been conducted on 
the subject. Furthermore, although a few of  those studies 
had conflicting results questioning the pathogenic role 
of  Ox-LDL in increasing CVD in these patients[52], most 
confirmed that Ox-LDL are raised in RA[53]. Indeed, the 
relationship of  Ox-LDL with the presence or not of  sub-
clinical atherosclerosis has been evaluated and a positive 
association of  Ox-LDL levels with intima-media thick-
ness has been demonstrated[54,55]. Less is known of  the 
effect of  treatment on Ox-LDL levels. To our knowledge, 
the sole study published reported that both anti-TNF and 
rituximab had increased Ox-LDL levels temporarily at 
three months[56], however the impact of  these effects on 
future CVD events requires further studies.

LIPOPROTEIN (a) AND APOLIPOPROTEIN (a)
Lp(a) was first described by Berg in 1963 as an antigenic 
variant of  LDL[57]. This lipoprotein is structurally similar 
to the LDL molecule which, in addition to apolipoprotein 
B100 (apoB100), has an additional protein, apolipopro-
tein (a) [apo(a)][58]. This apolipoprotein is a glycoprotein 
of  the plasminogen family, which binds to apo B100 by 
a single disulfide bond. Apo(a) gives Lp(a) more athero-
genic properties which mostly depend on its size (Figure 

strong predictors of  CVD, and guidelines developed to 
date have a reduction in LDL as the primary focus for li-
pid-lowering therapy[12]. LDL are sub-classified according 
to size and density, and the smallest and densest are those 
associated with greater CVD risk[41]. The main function 
of  LDL is to transport cholesterol from the liver to tis-
sues, essential as a basic structural element of  the skel-
eton of  cell membranes, precursor of  some vitamins and 
hormones and as energy input. Nevertheless, an excess 
accumulation of  cholesterol in tissues causes atheroscle-
rosis. When the endothelial cells of  the arterial wall are 
altered, increased space permits the entry of  LDL, espe-
cially those small and dense, which are modified by the 
effects of  oxidation and converted into oxidized LDL 
(Ox-LDL) (Figure 2).

Oxidized LDL
Oxidized LDL play a central role in the pathogenesis of  
atherosclerosis. They have the ability to activate endothe-
lial cells as an initial step in the process of  atherosclerotic 
disease to finally be engulfed by macrophages to form 
foam cells that are the nidus of  plaque[42,43]. Increased 
oxidized lipids have been described during infection and 
inflammation[44,45]. Several mechanisms have been as-
sociated with increased LDL oxidation during the acute-
phase response. PON1, an HDL-associated enzyme, 
protects LDL from oxidative stress by destroying biologi-
cally-active phospholipids, and a decreased PON1 activity 
during inflammation has been reported[40,46]. A further 
mechanism suggested is a possible rise in ceruloplasmin 
during inflammation, which has been shown to increase 
LDL oxidation[47]. Also, transferrin, a metal-binding pro-
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3). The size heterogeneity of  apo(a) is related to the vari-
able number of  copies of  one of  the protein domains, 
the Kringle Ⅳ type 2[59]. This variable number of  copies 
confers marked heterogeneity on the molecular mass of  
apo(a) isoforms, which may vary from 200 to 800 kDa. 
The size of  apo(a) isoforms has an inverse relationship 
with density and the plasma concentration of  Lp(a)[60]. 
As the size of  apo(a) increases, secretion by liver cells is 
more difficult and this leads to a lower Lp(a) concentra-
tion. Thus, individuals with small apo(a) are those with 
the highest Lp(a) concentrations and increased cardiovas-
cular risk. Hence, Lp(a) may have different sizes mainly 
due to the structural polymorphism of  apo(a), which has 
a strong genetic component[61]. Plasma levels of  Lp(a) re-
main fairly stable throughout life, given its strong genetic 
component, and are not influenced by diet or treatment 
with standard lipid-lowering drugs, except niacin[62]. Pre-
sumably for the same reason, the differences observed in 
the population depend on race, with the lowest being in 
Caucasians, modest in Hispanics, Chinese and Japanese, 
and the highest in Blacks[63]. The particles of  Lp(a) with 
smaller isoforms are considered more pathogenic because 
they seem to have increased ability to bind to oxidized 
phospholipids, are more likely to be located in the vascu-
lar wall due to their ability to bind to lysine and interact 
with fibrin, and appear to have a thrombogenic effect due 
to an increase in the inhibition of  plasmin activity.

In recent years, the relationship between Lp(a) and 
cardiovascular risk has emerged reinforced as a key fac-
tor in the development of  atherosclerosis owing to new 
genetic techniques[64]. Numerous studies confirmed this 
positive association between excess Lp(a), defined by a 
> 300 mg/L concentration, and increased CVD[65]. This 

may, in part, be due to the structural similarities with plas-
minogen, competing for its binding site. Thus, Lp(a) may 
competitively inhibit some physiologic actions of  plas-
minogen in the coagulation and fibrinolytic cascade, and 
act as a procoagulant[66]. The other hypothesis as to why 
Lp(a) is believed to have atherogenic properties is based 
on the structural similarity of  Lp(a) and LDL[67]. Lp(a), in 
contrast to LDL, binds very poorly to the LDL receptor, 
leading to an accumulation of  tissue cholesterol. Lp(a) 
would be captured by macrophages through the scaven-
ger pathway and transformed into foam cells, precursors 
of  the formation of  atheromatous plaque. 

Although values remain fairly stable in individuals ow-
ing to the strong genetic component, increases in Lp(a) in 
acute stress situations or chronic inflammatory diseases 
have been described with behavior similar to an acute- 
phase reactant[22]. In this respect, some authors have 
reported elevated plasma Lp(a) levels in RA patients[21,22]; 
furthermore, a correlation between Lp(a) and high ca-
rotid intima-media-thickness[68] has also been observed 
in these patients. The significant increases in Lp(a) in RA 
may be due exclusively to a direct result of  inflamma-
tion or perhaps to increased genetic expression. Interest-
ingly, in our previous work[21], we showed that many of  
the lipid changes described in active and non-treated RA 
patients were reversible with treatment aimed at reduc-
ing inflammation, including glucocorticoids, disease-
modifying agents and anti-TNF therapy, except for Lp(a) 
that remained consistently elevated despite antirheumatic 
therapy. No relationship with disease activity was found. 
These findings would reinforce the idea that the hyperli-
poproteinemia (a) observed in these patients has a strong 
genetic involvement. On the other hand, other studies 
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showed that methotrexate or methotrexate combined 
with a anti-TNF appeared to significantly reduce Lp(a) in 
RA[69], and also that Lp (a) levels decreased significantly 
after treatment with tocilizumab in rheumatoid diseases[70]. 
Therefore, in contrast to the above, these other findings 
suggest that Lp(a) might be related to systemic inflamma-
tion, or that the examined drugs might reduce Lp(a) by 
other mechanisms. Nevertheless, despite these significant 
findings, the distribution of  the apo(a) isoforms in RA 
remains unknown, a significant aspect that is related to the 
atherogenic potential of  Lp(a). Furthermore, the role of  
the Lp(a) and different apo(a) isoforms in the atheroscle-
rotic disease of  these patients remains unclear.

CONCLUSION
RA patients are exposed to chronic systemic inflamma-
tion, which could explain the accelerated atheromatosis 
observed in these patients due in part to the structural 
and functional alterations in lipoprotein in relation to in-
flammation. Although future studies are required, qualita-
tive aspects of  lipoproteins should be considered in the 
estimation of  cardiovascular risk in RA patients, since the 
quantitative values currently used underestimate the real 
risk in these patients. 

ACKNOWLEDGMENTS
The authors thank Christine O’Hara for help with the 
English version of  the manuscript.

REFERENCES
1	 Alamanos Y, Voulgari PV, Drosos AA. Incidence and prev-

alence of rheumatoid arthritis, based on the 1987 American 
College of Rheumatology criteria: a systematic review. 
Semin Arthritis Rheum 2006; 36: 182-188 [PMID: 17045630 
DOI: 10.1016/ j.semarthrit.2006.08.006]

2	 Li R, Sun J, Ren LM, Wang HY, Liu WH, Zhang XW, Chen 
S, Mu R, He J, Zhao Y, Long L, Liu YY, Liu X, Lu XL, Li YH, 
Wang SY, Pan SS, Li C, Wang HY, Li ZG. Epidemiology of 
eight common rheumatic diseases in China: a large-scale 
cross-sectional survey in Beijing. Rheumatology (Oxford) 
2012; 51: 721-729 [PMID: 22179737 DOI: 10.1093/rheumatol-
ogy/ker370]

3	 Ranganath VK, Maranian P, Elashoff DA, Woodworth T, 
Khanna D, Hahn T, Sarkisian C, Kremer JM, Furst DE, Pau-
lus HE. Comorbidities are associated with poorer outcomes 
in community patients with rheumatoid arthritis. Rheuma-
tology (Oxford) 2013; 52: 1809-1817 [PMID: 23813577 DOI: 
10.1093/rheumatology/ket224]

4	 Humphreys JH, Warner A, Chipping J, Marshall T, Lunt M, 
Symmons DP, Verstappen SM. Mortality trends in patients 
with early rheumatoid arthritis over 20 years: Results from 
the Norfolk Arthritis Register. Arthritis Care Res (Hoboken) 
2014 Feb 4; Epub ahead of print [PMID: 24497371 DOI: 
10.1002/acr.22296]

5	 Symmons DP , Gabriel SE. Epidemiology of CVD in 
rheumatic disease, with a focus on RA and SLE. Nat Rev 
Rheumatol 2011; 7: 399-408 [PMID: 21629241 DOI: 10.1038/
nrrheum.2011.75]

6	 Kahlenberg JM, Kaplan MJ. Mechanisms of premature 
atherosclerosis in rheumatoid arthritis and lupus. Annu 
Rev Med 2013; 64: 249-263 [PMID: 23020882 DOI: 10.1146/

annurev-med-060911-090007]
7	 Avouac J, Meune C, Chenevier-Gobeaux C, Dieudé P, 

Borderie D, Lefevre G, Kahan A, Allanore Y. Inflammation 
and disease activity are associated with high circulating 
cardiac markers in rheumatoid arthritis independently of 
traditional cardiovascular risk factors. J Rheumatol 2014; 41: 
248-255 [PMID: 24334650 DOI: 10.3899/jrheum.130713]

8	 Koivuniemi R, Paimela L, Suomalainen R, Leirisalo-Repo 
M. Cardiovascular diseases in patients with rheumatoid ar-
thritis. Scand J Rheumatol 2013; 42: 131-135 [PMID: 23244227 
DOI: 10.3109/03009742.2012.723747]

9	 Toms TE, Symmons DP, Kitas GD. Dyslipidaemia in rheu-
matoid arthritis: the role of inflammation, drugs, lifestyle 
and genetic factors. Curr Vasc Pharmacol 2010; 8: 301-326 
[PMID: 19758115 DOI: 10.2174/157016110791112269]

10	 Montecucco F, Mach F. Common inflammatory mediators 
orchestrate pathophysiological processes in rheumatoid 
arthritis and atherosclerosis. Rheumatology (Oxford) 2009; 
48: 11-22 [PMID: 18927189 DOI: 10.1093/rheumatology/
ken395]

11	 Choy E, Sattar N. Interpreting lipid levels in the context of 
high-grade inflammatory states with a focus on rheumatoid 
arthritis: a challenge to conventional cardiovascular risk 
actions. Ann Rheum Dis 2009; 68: 460-469 [PMID: 19286905  
DOI: 10.1136/ ard.2008.101964]

12	 Boekholdt SM, Arsenault BJ, Mora S, Pedersen TR, LaRosa 
JC, Nestel PJ, Simes RJ, Durrington P, Hitman GA, Welch 
KM, DeMicco DA, Zwinderman AH, Clearfield MB, 
Downs JR, Tonkin AM, Colhoun HM, Gotto AM, Ridker 
PM, Kastelein JJ. Association of LDL cholesterol, non-HDL 
cholesterol, and apolipoprotein B levels with risk of cardio-
vascular events among patients treated with statins: a meta-
analysis. JAMA 2012; 307: 1302-1309 [PMID: 22453571 DOI: 
10.1001/jama.2012.366]

13	 Hahn BH, Grossman J, Chen W, McMahon M. The patho-
genesis of atherosclerosis in autoimmune rheumatic 
diseases: roles of inflammation and dyslipidemia. J Au-
toimmun 2007; 28: 69-75 [PMID: 17433865  DOI: 10.1016 
/j.jaut.2007.02.004]

14	 Choi HK, Seeger JD. Lipid profiles among US elderly with 
untreated rheumatoid arthritis--the Third National Health 
and Nutrition Examination Survey. J Rheumatol 2005; 32: 
2311-2316 [PMID: 16331755]

15	 Steiner G, Urowitz MB. Lipid profiles in patients with rheu-
matoid arthritis: mechanisms and the impact of treatment. 
Semin Arthritis Rheum 2009; 38: 372-381 [PMID: 18395771 
DOI: 10.1016/j.semarthrit.2008.01.015]

16	 García-Gómez C, Nolla JM, Valverde J, Narváez J, Corbella 
E, Pintó X. High HDL-cholesterol in women with rheuma-
toid arthritis on low-dose glucocorticoid therapy. Eur J Clin 
Invest 2008; 38: 686-692 [PMID: 18837746 DOI: 10.1111/
j.1365-2362.2008.01994.x]

17	 Williams PT, Feldman DE. Prospective study of coronary 
heart disease vs. HDL2, HDL3, and other lipoproteins 
in Gofman’s Livermore Cohort. Atherosclerosis 2011; 214: 
196-202 [PMID: 21109246 DOI: 10.1016/j.atherosclerosis.201
0.10.024]

18	 Yang CY, Raya JL, Chen HH, Chen CH, Abe Y, Pownall 
HJ, Taylor AA, Smith CV. Isolation, characterization, and 
functional assessment of oxidatively modified subfractions 
of circulating low-density lipoproteins. Arterioscler Thromb 
Vasc Biol 2003; 23: 1083-1090 [PMID: 12689919]

19	 Toms TE, Panoulas VF, Kitas GD. Dyslipidaemia in rheu-
matological autoimmune diseases. Open Cardiovasc Med J 
2011; 5: 64-75 [PMID: 21660202 DOI: 10.2174/1874192401105
010064]

20	 Rizzo M, Spinas GA, Cesur M, Ozbalkan Z, Rini GB, Berneis 
K. Atherogenic lipoprotein phenotype and LDL size and 
subclasses in drug-naïve patients with early rheumatoid 
arthritis. Atherosclerosis 2009; 207: 502-506 [PMID: 19643412 

García-Gómez C et al . Inflammation and lipid metabolism in rheumatoid arthritis



310 July 18, 2014|Volume 5|Issue 3|WJO|www.wjgnet.com

DOI: 10.1016/j.atherosclerosis.2009.07.015]
21	 García-Gómez C, Nolla JM, Valverde J, Gómez-Gerique 

JA, Castro MJ, Pintó X. Conventional lipid profile and 
lipoprotein(a) concentrations in treated patients with rheu-
matoid arthritis. J Rheumatol 2009; 36: 1365-1370 [PMID: 
19369465 DOI: 10.3899/jrheum.080928]

22	 Zhang C, Li X, Niu D, Zi R, Wang C, Han A, Wang X, Li K, 
Wang J. Increased serum levels of β₂-GPI-Lp(a) complexes 
and their association with premature atherosclerosis in 
patients with rheumatoid arthritis. Clin Chim Acta 2011; 412: 
1332-1336 [PMID: 21473861 DOI: 10.1016/j.cca.2011.03.029]

23	 Movva R, Rader DJ. Laboratory assessment of HDL hetero-
geneity and function. Clin Chem 2008; 54: 788-800 [PMID: 
18375481 DOI: 10.1373/clinchem.2007.101923]

24	 Superko HR, Pendyala L, Williams PT, Momary KM, 
King SB, Garrett BC. High-density lipoprotein subclasses 
and their relationship to cardiovascular disease. J Clin 
Lipidol 2012; 6: 496-523 [PMID: 23312047 DOI: 10.1016/
j.jacl.2012.03.001]

25	 Rader DJ. Molecular regulation of HDL metabolism and 
function: implications for novel therapies. J Clin Invest 2006; 
116: 3090-3100 [PMID: 17143322]

26	 Rosenson RS, Brewer HB, Davidson WS, Fayad ZA, Fuster 
V, Goldstein J, Hellerstein M, Jiang XC, Phillips MC, Rader 
DJ, Remaley AT, Rothblat GH, Tall AR, Yvan-Charvet L. 
Cholesterol efflux and atheroprotection: advancing the 
concept of reverse cholesterol transport. Circulation 2012; 
125: 1905-1919 [PMID: 22508840 DOI: 10.1161/CIRCULA-
TIONAHA.111.066589]

27	 Breton CV, Yin F, Wang X, Avol E, Gilliland FD, Araujo 
JA. HDL anti-oxidant function associates with LDL level 
in young adults. Atherosclerosis 2014; 232: 165-170 [PMID: 
24401232 DOI: 10.1016/j.atherosclerosis.2013.10.034]

28	 Huang Y, Wu Z, Riwanto M, Gao S, Levison BS, Gu X, Fu 
X, Wagner MA, Besler C, Gerstenecker G, Zhang R, Li XM, 
DiDonato AJ, Gogonea V, Tang WH, Smith JD, Plow EF, 
Fox PL, Shih DM, Lusis AJ, Fisher EA, DiDonato JA, Land-
messer U, Hazen SL. Myeloperoxidase, paraoxonase-1, and 
HDL form a functional ternary complex. J Clin Invest 2013; 
123: 3815-3828 [PMID: 23908111 DOI: 10.1172/JCI67478]

29	 Barter PJ, Caulfield M, Eriksson M, Grundy SM, Kastelein 
JJ, Komajda M, Lopez-Sendon J, Mosca L, Tardif JC, Waters 
DD, Shear CL, Revkin JH, Buhr KA, Fisher MR, Tall AR, 
Brewer B. Effects of torcetrapib in patients at high risk for 
coronary events. N Engl J Med 2007; 357: 2109-2122 [PMID: 
17984165 DOI: 10.1056/NEJMoa0706628]

30	 Ansell BJ, Fonarow GC, Navab M, Fogelman AM. Modify-
ing the anti-inflammatory effects of high-density lipopro-
tein. Curr Atheroscler Rep 2007; 9: 57-63 [PMID: 17169248]

31	 G HB, Rao VS, Kakkar VV. Friend Turns Foe: Transforma-
tion of Anti-Inflammatory HDL to Proinflammatory HDL 
during Acute-Phase Response. Cholesterol 2011; 2011: 274629 
[PMID: 21490770 DOI: 10.1155/2011/274629]

32	 Hahn BH, Grossman J, Ansell BJ, Skaggs BJ, McMahon M. 
Altered lipoprotein metabolism in chronic inflammatory 
states: proinflammatory high-density lipoprotein and accel-
erated atherosclerosis in systemic lupus erythematosus and 
rheumatoid arthritis. Arthritis Res Ther 2008; 10: 213 [PMID: 
18828865 DOI: 10.1186/ar2471]

33	 Ferraz-Amaro I, González-Gay MA, García-Dopico JA, 
Díaz-González F. Cholesteryl ester transfer protein in 
patients with rheumatoid arthritis. J Rheumatol 2013; 40: 
1040-1047 [PMID: 23678159 DOI: 10.3899/jrheum.121507]

34	 McMahon M, Grossman J, FitzGerald J, Dahlin-Lee E, Wal-
lace DJ, Thong BY, Badsha H, Kalunian K, Charles C, Navab 
M, Fogelman AM, Hahn BH. Proinflammatory high-density 
lipoprotein as a biomarker for atherosclerosis in patients 
with systemic lupus erythematosus and rheumatoid arthri-
tis. Arthritis Rheum 2006; 54: 2541-2549 [PMID: 16868975 
DOI: 10.1002/art.21976]

35	 Popa CD, Arts E, Fransen J, van Riel PL. Atherogenic index 
and high-density lipoprotein cholesterol as cardiovascu-
lar risk determinants in rheumatoid arthritis: the impact 
of therapy with biologicals. Mediators Inflamm 2012; 2012: 
785946 [PMID: 22991486]

36	 Popa C, van Tits LJ, Barrera P, Lemmers HL, van den 
Hoogen FH, van Riel PL, Radstake TR, Netea MG, Roest 
M, Stalenhoef AF. Anti-inflammatory therapy with tumour 
necrosis factor alpha inhibitors improves high-density li-
poprotein cholesterol antioxidative capacity in rheumatoid 
arthritis patients. Ann Rheum Dis 2009; 68: 868-872 [PMID: 
18635596 DOI: 10.1136/ard.2008.092171]

37	 Jamnitski A, Levels JH, van den Oever IA, Nurmohamed 
MT. High-density lipoprotein profiling changes in patients 
with rheumatoid arthritis treated with tumor necrosis fac-
tor inhibitors: a cohort study. J Rheumatol 2013; 40: 825-830 
[PMID: 23637327 DOI: 10.3899/jrheum.121358]

38	 Raterman HG, Levels H, Voskuyl AE, Lems WF, Dijkmans 
BA, Nurmohamed MT. HDL protein composition alters 
from proatherogenic into less atherogenic and proinflam-
matory in rheumatoid arthritis patients responding to ritux-
imab. Ann Rheum Dis 2013; 72: 560-565 [PMID: 22589377 
DOI: 10.1136/annrheumdis-2011-201228]

39	 Yamashita S, Tsubakio-Yamamoto K, Ohama T, Nakagawa-
Toyama Y, Nishida M. Molecular mechanisms of HDL-cho-
lesterol elevation by statins and its effects on HDL functions. 
J Atheroscler Thromb 2010; 17: 436-451 [PMID: 20513953]

40	 Charles-Schoeman C, Khanna D, Furst DE, McMahon M, 
Reddy ST, Fogelman AM, Paulus HE, Park GS, Gong T, 
Ansell BJ. Effects of high-dose atorvastatin on antiinflam-
matory properties of high density lipoprotein in patients 
with rheumatoid arthritis: a pilot study. J Rheumatol 2007; 
34: 1459-1464 [PMID: 17552046]

41	 Nikolic D, Katsiki N, Montalto G, Isenovic ER, Mikhailidis 
DP, Rizzo M. Lipoprotein subfractions in metabolic syn-
drome and obesity: clinical significance and therapeutic ap-
proaches. Nutrients 2013; 5: 928-948 [PMID: 23507795 DOI: 
10.3390/nu5030928.]

42	 Björkbacka H, Fredrikson GN, Nilsson J. Emerging bio-
markers and intervention targets for immune-modulation of 
atherosclerosis - a review of the experimental evidence. Ath-
erosclerosis 2013; 227: 9-17 [PMID: 23177975 DOI: 10.1016/
j.atherosclerosis.2012.10.074]

43	 Delporte C, Van Antwerpen P, Vanhamme L, Roumeguère 
T, Zouaoui Boudjeltia K. Low-density lipoprotein modified 
by myeloperoxidase in inflammatory pathways and clini-
cal studies. Mediators Inflamm 2013; 2013: 971579 [PMID: 
23983406 DOI: 10.1155/2013/971579]

44	 Mayr M, Kiechl S, Tsimikas S, Miller E, Sheldon J, Willeit J, 
Witztum JL, Xu Q. Oxidized low-density lipoprotein auto-
antibodies, chronic infections, and carotid atherosclerosis 
in a population-based study. J Am Coll Cardiol 2006; 47: 
2436-2443 [PMID: 16781371]

45	 Peters MJ, van Halm VP, Nurmohamed MT, Damoiseaux 
J, Tervaert JW, Twisk JW, Dijkmans BA, Voskuyl AE. Rela-
tions between autoantibodies against oxidized low-density 
lipoprotein, inflammation, subclinical atherosclerosis, and 
cardiovascular disease in rheumatoid arthritis. J Rheumatol 
2008; 35: 1495-1499 [PMID: 18597411]

46	 Fuhrman B. Regulation of hepatic paraoxonase-1 expres-
sion. J Lipids 2012; 2012: 684010 [PMID: 22548179 DOI: 
10.1155/2012/684010]

47	 Makedou KG, Mikhailidis DP, Makedou A, Iliadis S, Kour-
tis A, Vavatsi-Christaki N, Papageorgiou GE. Lipid profile, 
low-density lipoprotein oxidation and ceruloplasmin in the 
progeny of families with a positive history of cardiovascular 
diseases and/or hyperlipidemia. Angiology 2009; 60: 455-461 
[PMID: 19648144 DOI: 10.1177/0003319709338174]

48	 Balagopalakrishna C, Paka L, Pillarisetti S, Goldberg IJ. 
Lipolysis-induced iron release from diferric transferrin: Pos-

García-Gómez C et al . Inflammation and lipid metabolism in rheumatoid arthritis



311 July 18, 2014|Volume 5|Issue 3|WJO|www.wjgnet.com

sible role of lipoprotein lipase in LDL oxidation. J Lipid Res 
1999; 40: 1347-1356 [PMID: 10393220]

49	 Winyard PG, Tatzber F, Esterbauer H, Kus ML, Blake DR, 
Morris CJ. Presence of foam cells containing oxidised low 
density lipoprotein in the synovial membrane from patients 
with rheumatoid arthritis. Ann Rheum Dis 1993; 52: 677-680 
[PMID: 8239763 DOI: 10.1136/ard.52.9.677]

50	 Dai L, Lamb DJ, Leake DS, Kus ML, Jones HW, Morris CJ, 
Winyard PG. Evidence for oxidised low density lipoprotein 
in synovial fluid from rheumatoid arthritis patients. Free 
Radic Res 2000; 32: 479-486 [PMID: 10798713 DOI: 10.1080/1
0715760000300481]

51	 Kim SH, Lee CK, Lee EY, Park SY, Cho YS, Yoo B, Moon 
HB. Serum oxidized low-density lipoproteins in rheumatoid 
arthritis. Rheumatol Int 2004; 24: 230-233 [PMID: 14628150 
DOI: 10.1007/s00296-003-0358-4]

52	 Vuilleumier N, Bratt J, Alizadeh R, Jogestrand T, Hafström 
I, Frostegård J. Anti-apoA-1 IgG and oxidized LDL are 
raised in rheumatoid arthritis (RA): potential associations 
with cardiovascular disease and RA disease activity. Scand J 
Rheumatol 2010; 39: 447-453 [PMID: 20604674 DOI: 10.3109/
03009741003742755]

53	 Ajeganova S, de Faire U, Jogestrand T, Frostegård J, Haf-
ström I. Carotid atherosclerosis, disease measures, oxidized 
low-density lipoproteins, and atheroprotective natural 
antibodies for cardiovascular disease in early rheumatoid 
arthritis -- an inception cohort study. J Rheumatol 2012; 39: 
1146-1154 [PMID: 22589258 DOI: 10.3899/jrheum.111334]

54	 Profumo E, Di Franco M, Buttari B, Masella R, Filesi C, 
Tosti ME, Scrivo R, Scarno A, Spadaro A, Saso L, Riganò R. 
Biomarkers of subclinical atherosclerosis in patients with 
autoimmune disorders. Mediators Inflamm 2012; 2012: 503942 
[PMID: 22529523 DOI: 10.1155/2012/503942]

55	 Ahmed HM, Youssef M, Mosaad YM. Antibodies against 
oxidized low-density lipoprotein are associated with sub-
clinical atherosclerosis in recent-onset rheumatoid arthritis. 
Clin Rheumatol 2010; 29: 1237-1243 [PMID: 20354747 DOI: 
10.1007/s10067-010-1436-0]

56	 Ajeganova S, Fiskesund R, de Faire U, Hafström I, Frost-
egård J. Effect of biological therapy on levels of atheropro-
tective antibodies against phosphorylcholine and apolipo-
proteins in rheumatoid arthritis - a one year study. Clin Exp 
Rheumatol 2011; 29: 942-950 [PMID: 22153361]

57	 Berg K. A new serum type system in man--the lp sys-
tem. Acta Pathol Microbiol Scand 1963; 59: 369-382 [PMID: 
14064818 DOI: 10.1111/j.1699-0463.1963.tb01808.x]

58	 Enkhmaa B, Anuurad E, Zhang W, Tran T, Berglund L. 
Lipoprotein(a): genotype-phenotype relationship and im-
pact on atherogenic risk. Metab Syndr Relat Disord 2011; 9: 
411-418 [PMID: 21749171 DOI: 10.1089/met.2011.0026]

59	 Lanktree MB, Rajakumar C, Brunt JH, Koschinsky ML, 
Connelly PW, Hegele RA. Determination of lipoprotein(a) 
kringle repeat number from genomic DNA: copy num-
ber variation genotyping using qPCR. J Lipid Res 2009; 50: 

768-772 [PMID: 19060253 DOI: 10.1194/jlr.D800050-JLR200]
60	 Dumitrescu L, Glenn K, Brown-Gentry K, Shephard C, 

Wong M, Rieder MJ, Smith JD, Nickerson DA, Crawford 
DC. Variation in LPA is associated with Lp(a) levels in three 
populations from the Third National Health and Nutri-
tion Examination Survey. PLoS One 2011; 6: e16604 [PMID: 
21305047 DOI: 10.1371/journal.pone.0016604]

61	 Clarke R, Peden JF, Hopewell JC, Kyriakou T, Goel A, 
Heath SC, Parish S, Barlera S, Franzosi MG, Rust S, Bennett 
D, Silveira A, Malarstig A, Green FR, Lathrop M, Gigante 
B, Leander K, de Faire U, Seedorf U, Hamsten A, Collins 
R, Watkins H, Farrall M. Genetic variants associated with 
Lp(a) lipoprotein level and coronary disease. N Engl J Med 
2009; 361: 2518-2528 [PMID: 20032323 DOI: 10.1056/NEJ-
Moa0902604]

62	 Scanu AM, Bamba R. Niacin and lipoprotein(a): facts, uncer-
tainties, and clinical considerations. Am J Cardiol 2008; 101: 
44B-47B [PMID: 18375241 DOI: 10.1016/j.amjcard.2008.02.031]

63	 Kurian AK, Cardarelli KM. Racial and ethnic differences 
in cardiovascular disease risk factors: a systematic review. 
Ethn Dis 2007; 17: 143-152 [PMID: 17274224]

64	 Kronenberg F, Utermann G. Lipoprotein(a): resurrected by 
genetics. J Intern Med 2013; 273: 6-30 [PMID: 22998429 DOI: 
10.1111/j.1365-2796.2012.02592.x]

65	 Emerging Risk Factors Collaboration, Erqou S, Kaptoge S, 
Perry PL, Di Angelantonio E, Thompson A, White IR, Marco-
vina SM, Collins R, Thompson SG, Danesh J. Lipoprotein(a) 
concentration and the risk of coronary heart disease, stroke, 
and nonvascular mortality. JAMA 2009; 302: 412-423 [PMID: 
19622820 DOI: 10.1001/jama.2009.1063]

66	 Liu L, Boffa MB, Koschinsky ML. Apolipoprotein(a) inhibits 
in vitro tube formation in endothelial cells: identification of 
roles for Kringle V and the plasminogen activation system. 
PLoS One 2013; 8: e52287 [PMID: 23326327 DOI: 10.1371/
journal.pone.0052287]

67	 Koschinsky ML. Lipoprotein(a) and atherosclerosis: new 
perspectives on the mechanism of action of an enigmatic 
lipoprotein. Curr Atheroscler Rep 2005; 7: 389-395 [PMID: 
16105483 DOI: 10.1007/s11883-005-0052-y]

68	 Missala I, Kassner U, Steinhagen-Thiessen E. A Systematic 
Literature Review of the Association of Lipoprotein(a) and Au-
toimmune Diseases and Atherosclerosis. Int J Rheumatol 2012; 
2012: 480784 [PMID: 23304154 DOI: 10.1155/2012/480784]

69	 Hjeltnes G, Hollan I, Førre O, Wiik A, Lyberg T, Mikkelsen K, 
Agewall S. Serum levels of lipoprotein(a) and E-selectin are 
reduced in rheumatoid arthritis patients treated with metho-
trexate or methotrexate in combination with TNF-α-inhibitor. 
Clin Exp Rheumatol 2013; 31: 415-421 [PMID: 23465067]

70	 Schultz O, Oberhauser F, Saech J, Rubbert-Roth A, Hahn 
M, Krone W, Laudes M. Effects of inhibition of interleu-
kin-6 signalling on insulin sensitivity and lipoprotein (a) 
levels in human subjects with rheumatoid diseases. PLoS 
One 2010; 5: e14328 [PMID: 21179199 DOI: 10.1371/journal.
pone.0014328]

P- Reviewers: Faggiano P, Ma JY, Vasarhelyi B,     
S- Editor: Song XX    L- Editor: A    E- Editor: Lu YJ

García-Gómez C et al . Inflammation and lipid metabolism in rheumatoid arthritis



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


