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High levels of oxidized fatty acids in HDL are associated with 
impaired HDL function in patients with active rheumatoid 
arthritis

Christina Charles-Schoeman1, David Meriwether1, Yuen Yin Lee1, Ani Shahbazian1, and 
Srinivasa T. Reddy1

1David Geffen School of Medicine at University of California, Los Angeles, 10833 Le Conte Ave, 
Los Angeles, CA 90095, USA

Abstract

The objective of this study was to evaluate oxidation products of arachidonic acid and linoleic acid 

in lipoproteins and synovial fluid (SF) from patients with active rheumatoid arthritis (RA) 

compared to non-RA controls. High-density lipoproteins (HDL) and low-density lipoproteins 

(LDL) were isolated from plasma using fast protein liquid chromatography and HDL was isolated 

from SF using dextran sulfate precipitation. 5-Hydroxyeicosatetraenoic acid (HETE), 12-HETE, 

15-HETE, 9 hydroxyoctadecadienoic (HODE), and 13-HODE levels were measured in HDL, 

LDL, and SF by liquid chromatography–tandem mass spectrometry. HDL’s anti-inflammatory 

function, cholesterol levels, myeloperoxidase (MPO) and paraoxonase 1 (PON1) activities were 

determined as previously. 5-HETE, 15-HETE, 9-HODE, and 13-HODE levels were significantly 

increased in HDL and LDL from patients with active RA (n = 10) compared to healthy controls (n 
= 8) and correlated significantly with measures of systemic inflammation, particularly in HDL (r = 

0.65–0.80, p values < 0.004). Higher HETES and HODES in HDL were also significantly 

correlated with impaired HDL function as measured by the HDL inflammatory index (HII) (r = 

0.54–0.58; p values < 0.03). 15-HETE levels and MPO activity were higher in RA SF (n = 10) 

compared to osteoarthritis (OA) SF(n = 11), and HDL from RA SF had worse function compared 

to OA SF HDL (HII = 2.1 ± 1.9 and 0.5 ± 0.1), respectively (p < 0.05). Oxidation products of 

arachidonic acid and linoleic acid are increased in HDL and LDL from patients with active RA 

compared to healthy controls, and are associated with worse anti- oxidant function of HDL. These 

results suggest a potential mechanism by which oxidative stress from active RA increases oxidized 

fatty acids in HDL, promoting HDL dysfunction, and thereby increasing atherosclerotic risk.
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Patients with rheumatoid arthritis (RA) suffer significantly increased cardiovascular (CV) 

morbidity and mortality [1–3], which has been closely linked to high levels of systemic 
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inflammation and RA disease activity [4, 5]. Better understanding of the interaction between 

systemic inflammation and vascular pathophysiology is needed for adequate CV risk 

assessment and development of targeted CV therapeutics in these high risk patients.

Oxidative stress is increased in RA patients and has been directly implicated in the 

pathogenesis of RA. Excess reactive oxygen species (ROS) produced by activated 

phagocytic cells during oxidative bursts directly damage tissues as well as amplify the 

inflammatory response [6]. Increased lipid oxidation products have been reported in RA 

synovial fluid (SF) and cartilage [6, 7].

Oxidative stress has also been directly implicated in the pathogenesis of atherosclerosis. 

Oxidation products of arachidonic acid and linoleic acid including hydroxyeicosatetraenoic 

acids (HETES) and hydroxyoctadecadienoic acids (HODES) contribute to the oxidation of 

LDL, and their accumulation in high-density lipoprotein (HDL) has been proposed to inhibit 

HDL function, increasing atherosclerotic risk [8–10]. Previous work has shown increased 

HETES and HODES in HDL of patients with diabetes and atherosclerotic vascular disease 

[11] as well as in plasma of humans and rodents with pulmonary hypertension [12, 13].

The HDL particle normally functions in an anti-atherogenic, anti-inflammatory capacity by 

preventing oxidation of LDL and promoting cholesterol efflux from the arterial wall [14–

16]. High levels of RA disease activity have been associated with impairment in both of 

these protective functions [17, 18]. In the current work, we evaluated whether oxidation 

products of arachidonic acid and linoleic acid are increased in HDL and LDL from patients 

with active RA compared to healthy controls. We further investigated the levels of HETES 

and HODES in SF from patients with active RA compared to OA controls. We hypothesized 

that HETES and HODES are increased in lipoproteins from active RA patients and are 

associated with abnormal HDL anti-oxidant function.

Methods

Study design

RA patients and healthy controls were recruited from the rheumatology offices at the 

University of California, Los Angeles (UCLA). All RA patients met the American College 

of Rheumatology criteria for RA, which was verified by chart review. All subjects gave 

written informed consent for the study under a protocol approved by the Human Research 

Subject Protection Committee at UCLA.

Patients provided a blood sample and completed questionnaires as described below. 

Assessment of inflammatory markers including high-sensitivity C-reactive protein (HSCRP) 

and Westergren erythrocyte sedimentation rate (ESR), fasting lipid profiles, and synovial 

fluid cell counts were measured in the UCLA clinical laboratory using standard methods. SF 

cholesterol levels were measured by standard as-says (Thermo DMA Co., San Jose, CA). 

Additional blood was collected in heparinized tubes (Becton Dickinson) and stored at 

−80 °C for HETES and HODES and HDL function assays. Synovial fluid was collected in 

heparinized tubes from patients undergoing arthrocentesis of the knee as part of routine 

clinical care and stored at −80 °C prior to testing; 5/11 patients with OA had primary OA 
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and 6/11 patients had secondary OA with medial meniscal tear as the most common etiology 

in 5/6 patients. Imaging of the knees (either x-ray, MRI, or both) had been done to document 

disease. Cardiovascular risk and health information was obtained by questionnaire and chart 

review.

Evaluation of HDL’s anti-oxidant function

The cell free assay (CFA) was a modification of a previously published method [19] using 

LDL as the fluorescence-inducing agent [19]. HDL was isolated from plasma using FPLC as 

above and from SF by dextran bead precipitation. To determine the anti-inflammatory 

properties of HDL, the change in fluorescence intensity as a result of the oxidation of 

dihydrodichlorofluorescein (DCFH) in incubations with a standard LDL in the absence or 

presence of the test HDL was assessed and the HDL inflammatory index (HII) calculated. In 

brief, 25 μl of LDL-cholesterol (100 μg/ml) was mixed with 50 μl of test HDL (100 μg 

HDL-cholesterol/ml) in black, flat bottom polystyrene microtiter plates and incubated at 

37 °C with rotation for 30 min. Twenty-five microliters of DCFH solution (0.2 mg/ml) was 

added to each well, mixed, and incubated at 37 °C for 1 h with rotation. Fluorescence was 

determined with a plate reader (Spectra Max, Gemini XS; Molecular Devices) at an 

excitation wavelength of 485 nm, emission wavelength of 530 nm, and cutoff of 515 nm 

with photomultiplier sensitivity set at medium. Readings with DCFH and LDL-C were 

normalized to 1.0. Readings equal or greater than 1.0 after the addition of test HDL-C 

indicated pro-inflammatory HDL and values less than 1.0 indicated anti-inflammatory HDL. 

Values for intra- and interassay variability were 0.5 ± 0.37 and 3.0 ± 1.7%, respectively [20].

Determination of PON1 activity

PON1 activity was quantified as previously [21] using paraoxon as the substrate and 

measuring the increase in the absorbance at 405 nm due to the formation of 4-nitrophenol 

over a period of 12 min (at 20-s intervals). Paraoxon was purchased from Sigma (St. Louis, 

MO) and further purified using chloroform extraction. A unit of PON1 activity was defined 

as the formation of 1 nmol of 4-ntirophenol per minute per milliliter of sample used. 

Arylesterase activity was quantified using phenylacetate as the substrate and measuring the 

increase in the absorbance at 270 nm spectrophotometry over a 2 min period at 15 s intervals 

as described previously [22].

Determination of HETES and HODES in HDL and LDL

LDL and HDL were fractionated from plasma by fast-performance liquid chromatography 

(FPLC). Liquid chromatography–electrospray ionization, tandem mass spectroscopy 

(LCESI-MS/MS) was performed with a mass spectrometer (4000 QTRAP; Applied 

Biosystems, Foster City, CA) equipped with an electrospray ionization source as previously 

described [8].

Determination of HETES and HODES in synovial fluid

Synovial fluid was thawed and centrifuged at 10 k for 15 min at 4°; 150 μl of synovial fluid 

was combined with 850 acidified water and 20 μl of 5× IS, and a final concentration of 20 
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μM BHT. The solution was vortexed and kept on ice for lipid extraction followed by mass 

spectrometry, which was performed as above.

MPO activity

The activity of MPO was measured in synovial fluid using the InnoZyme MPO activity 

assay kit (EMD Chemicals, Darmstadt, Germany). In brief, patient synovial fluid was added 

to a 96-well plate with an immobilized polyclonal antibody specific for human MPO. 

Activity of captured MPO was measured using a detection reagent that includes tetramethyl 

benzi-dine (TMB) and hydrogen peroxide. Following color development, the reaction was 

stopped with sulfuric acid and the absorbance of the oxidized TMB detected at 450 nm.

Statistical analysis

Data were analyzed using JMP IN 10.0 (SAS Institute Inc., Cary, NC, USA). Patient groups 

were compared using Student’s t test for continuous variables and the chi-square test of 

association for categorical variables, along with Fisher’s exact test for small sample sizes. 

When needed, nonparametric Wilcoxon rank-sum tests were used to analyze continuous 

variables. Correlations between variables were evaluated using the Pearson’s correlation 

coefficient for normally distributed data and Spearman’s correlation coefficient for 

nonparametric data. The significance level was pre-specified at p < 0.05.

Results

Demographic, laboratory, and clinical characteristics

RA patients and healthy controls were not significantly different in age, sex, or ethnicity. No 

differences in traditional CV risk factors including diabetes, hypertension, smoking, and 

family history of cardiovascular disease were noted between the groups. Standard 

cholesterol profiles were similar including serum levels of TC, LDL-C, HDL-C, and 

triglycerides. One patient in each group was taking a statin (Table 1).

Patients with active RA had higher levels of systemic inflammation as measured by the CRP 

and ESR compared to healthy controls. HDL’s anti-oxidant capacity in preventing oxidation 

of DCF in the setting of a standard LDL was significantly worse in active RA patients 

compared to controls. The mean HII in active RA patients was greater than 1, suggesting 

dysfunctional, pro-inflammatory HDL compared to healthy controls in which the HII was 

less than 1, suggesting protective, anti-inflammatory HDL (Table 1). Significant correlations 

were noted between levels of inflammation and the HII. Higher levels of systemic 

inflammation were associated with worse HDL function: r = 0.77, p = 0.0003, r = 0.82, p < 

0.0001 for correlations of HII with ESR and CRP, respectively.

RA patients had a mean disease duration of 14.1 ± 13.5 years. RA treatments included 5/10 

patients using methotrexate, 4/10 patients using NSAIDS, 5/10 using low dose prednisone, 

2/10 patients using arava, 2/10 using plaquenil, and 1/10 patients using a TNFα inhibitor.
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Oxidation products of arachidonic acid are increased in lipoproteins from patients with 
active RA compared to healthy controls

5-HETE, 15-HETE, 9-HODE, and 13-HODE were significantly higher in HDL and LDL 

from patients with active RA compared to healthy controls (Table 2). Correlations were 

noted between the levels of free oxidized fatty acids in HDL and LDL and the levels of 

systemic inflammation measured by both ESR and CRP (Table 3). Higher levels of 

inflammation were associated with higher free oxidized fatty acids in the lipoproteins. The 

strongest correlations were noted between HDL-associated 5-HETE, 15-HETE, 9-HODE, 

and 13-HODE and ESR (r = 0.70–0.80, p < 0.004) and CRP (r = 0.65–0.74, p < 0.004). 5-

HETE, 15-HETE, 9-HODE, and 13-HODE levels in HDL were also significantly associated 

with HDL’s anti-oxidant function as measured by the HII (r = 0.54–0.58, p values < 0.03). 

Higher levels of these free oxidized fatty acids in HDL were associated with worse anti-

oxidant function of HDL (Table 3).

HETES and HODES were higher in HDL compared to LDL (Table 2). Correlations were 

noted between LDL-associated HETES and HODES and measures of systemic 

inflammation although they were of lesser magnitude than with HDL; (r = 0.30–0.48, p = 

0.006–0.25 (ESR), r = 0.34–0.62, p = 0.006–0.16 (CRP)) (Table 3). No differences were 

noted in HDL or LDL-associated HETES and HODES between RA patients receiving 

different RA treatments with the exception HDL-5-HETE, which was higher in patients on 

prednisone (17.4 ± 7.0 ng/ml) compared to patients not on prednisone (11.4 ± 2.1 ng/ml) (p 
= 0.04).

HDL in RA SF is pro-inflammatory compared to HDL from OA SF

HDL in SF from RA patients had significantly worse anti-inflammatory, anti-oxidant 

function as measured by a higher mean HDL inflammatory index (HII) compared to SF 

HDL from patients with OA (Table 4). The mean HII for HDL isolated from SF from RA 

patients was greater than 1, suggesting dysfunctional, pro-inflammatory HDL compared to 

HDL isolated from non-inflammatory synovial SF in which the HII was less than 1, 

suggesting anti-inflammatory HDL.

SF MPO activity and 15-HETE levels were significantly higher in RA SF compared to OA 

SF (Table 4) and were correlated with SF monocyte/macrophage cell counts (r values = 0.7 

and 0.6, respectively, p = 0.04 and 0.01). Higher levels of MPO activity and 15-HETE 

showed trends for association with worse HDL function (r = 0.5 and 0.3, respectively, p 
values = 0.2). 9-HODE and 13-HODE were higher in RA SF compared to OA SF but the 

results did not reach statistical significance (Table 4).

Total and HDL cholesterol levels were higher in SF from RA patients compared to OA 

patients (Table 4). SF cholesterol levels were strongly correlated with SF WBC counts (r = 

0.8 (TC) and r = 0.5 (HDL-C), p = 0.0009 and 0.04, respectively), suggesting that more 

inflammation in the joint is associated with higher joint cholesterol levels. PON1 activity 

measured by both paraoxonase and arylesterase assays was significantly increased in RA 

synovial fluid, consistent with higher SF HDL-C levels.
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Discussion

HETES and HODES are biologically active lipids formed via the lipoxygenase oxygenation 

of arachidonic and linoleic acid, respectively [23]. These oxidized fatty acids have been 

implicated as important mediators of immune responses, including involvement in 

macrophage differentiation [24] and dendritic cell maturation [25]. They have also been 

directly implicated in the pathogenesis of atherosclerosis [8, 9]. ApoE mice lacking 12/15-

lipoxygenase enzymes develop significantly reduced atherosclerotic lesions when compared 

to apoE deficient mice with 12/15-lipoxygenase enzymes [26]. HETES and HODES 

contribute to the oxidation of LDL, and their accumulation in HDL has been proposed to 

inhibit HDL function, increasing atherosclerotic risk [8, 9].

Patients with active RA suffer significantly increased cardiovascular morbidity and mortality 

when compared to the general population [2, 3, 27]. High levels of systemic inflammation in 

active RA patients are strongly associated with cardiovascular death and have been 

associated with abnormal HDL function [2, 4, 18, 28]. Because dysfunctional HDL has been 

associated with CV events and death in the general population [29–31], impairment in HDL 

function has been proposed as a mechanism by which active RA increases CV risk.

In the current work, 5-HETE, 15-HETE, 9-HODE, and 13-HODE levels were significantly 

elevated in HDL and LDL from active RA patients as compared to matched healthy controls. 

In addition, higher levels of systemic inflammation were strongly correlated with higher 

levels of free oxidized fatty acids in lipoproteins. The levels of HETES and HODES were 

particularly elevated in HDL as compared to LDL, and higher levels of HETES and HODES 

in HDL were significantly associated with worse anti-oxidant function of HDL. This data 

suggests a potential mechanism by which active RA patients with high levels of 

inflammation and oxidative stress have increased oxidized fatty acid accumulation in 

lipoproteins, leading to impairment in HDL function, and increased CV risk (Fig. 1).

HETES and HODES in LDL fractions were lower than the levels in HDL fractions. These 

findings must be confirmed in larger studies given the small numbers and pilot nature of the 

current study. However, Newman et al. reported similar findings in a rat model of 

proteinuria, a condition linked strongly to increased cardiovascular disease, even in patients 

without diabetes or hypertension. In the latter study, HETES and HODES were also 

differentially distributed among the lipo-protein density fractions. Concentrations were 

significantly greater in HDL fractions compared to LDL fractions in controls as well as in 

proteinuric animals. The HETES and HODES were also markedly elevated in HDL from 

protein-uric animals as compared to controls, with lesser differences noted in LDL, which is 

consistent with the current work [26]. This data supports the hypothesis that the 

inflammatory properties of HDL in particular may be important in understanding the 

increased CV risk associated with active RA.

Because abnormal function of HDL has been closely associated with RA disease activity 

[18], we further examined the anti-oxidant function of HDL isolated from RA synovial fluid 

as compared to HDL isolated from OA SF. HDL from RA SF had significantly worse anti-

oxidant, anti-inflammatory function compared to HDL from OA SF. A modest association 
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between HDL function and both MPO activity and 15-HETE levels in synovial fluid was 

noted, suggesting that higher SF MPO activity and 15-HETE may be associated with worse 

function of HDL. Previous work has shown that MPO directly binds HDL, targeting its 

major protein, apolipoprotein A-I, for oxidative modifications, which lead to functional 

impairment of HDL [33].

15-HETE levels were significantly higher in RA SF compared to OA SF in the current work. 

15-HETE is produced non-enzymatically as well as enzymatically from arachidonic acid by 

15-lipoxygenase (15-LOX). Gheorghe et al. previously reported that RA synovium has 

increased expression of 15 LOX compared to OA synovium and 15-LOX-1 expression was 

identified in lining macrophages [34]. The current work supports this data, showing higher 

levels of 15-HETE in RA SF compared to OA SF, which were strongly correlated with SF 

monocyte/macrophage counts.

The current data is the first work to examine the anti-inflammatory function of HDL isolated 

from individual RA SF as compared to HDL isolated from OA SF. RA SF HDL 

demonstrated impaired, pro-inflammatory properties compared to OA SF HDL.

Scanu et al. reported that a standard, “normal” HDL can inhibit production of CCL2 induced 

by monosodium urate crystals in fibroblast-like synoviocytes in vitro, suggesting a potential 

anti-inflammatory role for HDL in acute joint inflammation [35]. Bresnihan et al. also 

suggested a potential regulatory role of HDL in the joint by showing that apoA-I, the major 

protein of HDL, is present in the perivascular cellular infiltrates of inflamed RA synovial 

tissue, but absent from patients in remission [36]. These findings are remarkably similar to 

those in the artery wall where apoA-I is seen to accumulate in athero-sclerotic lesions but 

not in normal artery tissue [37].

The current data suggests that while normally HDL may have a regulatory role in joint 

inflammation similar to its anti-inflammatory role in the artery wall, this function is 

abnormal in RA SF, perhaps due to similar mechanisms, which oxidatively modify HDL and 

impair its function in the atherosclerotic plaque. Total and HDL cholesterol levels were 

higher in RA SF compared to OA SF in the current work, and were correlated with SF white 

blood cell counts. This data is consistent with past studies [38–40], and suggests increased 

permeability of the inflammatory RA synovium to lipoproteins despite lower levels in 

circulation.

There are some limitations to the current work. While these data are interesting, they must 

be considered hypothesis generating, since they are limited by both sample size and 

selection bias. Future studies will evaluate levels of HETES and HODES in lipoproteins 

from larger RA cohorts in order to better understand how HDL is altered in the setting of 

active RA and to determine the effect of specific treatments and other RA patient 

characteristics on free oxidized fatty acid levels in lipoproteins. In addition, further work is 

warranted to determine whether these types of lipoprotein assessments are more useful 

markers of CV risk in RA patients than traditional cholesterol levels which may have 

paradoxical relationships to CV risk in RA patients with active disease [41]. Further 

mechanistic work is also needed to determine the specific pathways leading to HDL 
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dysfunction in the RA joint, as well as to determine whether HDL modulation in the RA 

joint contributes to dysfunctional HDL in circulation of active RA patients.

In summary, oxidation products of arachidonic acid and linoleic acid are increased in HDL 

and LDL from patients with active RA compared to healthy controls and are strongly 

correlated with RA disease activity as measured by levels of systemic inflammation, 

particularly in HDL, as well as impaired HDL anti-oxidant function. These results suggest a 

potential mechanism by which active inflammation from RA increases free oxidized fatty 

acids in circulating lipoproteins, promoting LDL oxidation and HDL dysfunction, thereby 

increasing atherosclerotic risk. Understanding the mechanisms which promote high 

cardiovascular risk in active RA patients is particularly important for those patients with 

active disease despite currently available RA treatments. Further investigation in these 

patients of targeted therapeutics such as apoA-I mimetic peptides, which bind oxidized fatty 

acids and reduce atherosclerosis in animal models [42] is warranted.
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Fig. 1. 
Increased oxidized fatty acids in lipoproteins of patients with active RA: possible link to 

cardiovascular risk? High levels of systemic inflammation and oxidative stress in active RA 

patients are associated with increases in free oxidized fatty acids referred to as 

hydroxyeicosatetraenoic acids (HETES) and hydroxyoctadecadienoic acids (HODES). 

HETES and HODES are increased in LDL of active RA patients which may contribute to 

formation of oxidized LDL and predispose to atherosclerosis [32]. HETES and HODES are 

also significantly increased in HDL of active RA patients and these increases are associated 

with impaired HDL anti-oxidant function. Further work is needed to evaluate whether these 

lipoprotein changes are associated with the increased cardiovascular morbidity and mortality 

in active RA patients
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Table 1

Clinical and laboratory characteristics of RA patients and healthy controls

Rheumatoid arthritis (n = 10) Healthy control (n = 8) P value

Age (years) 49.6 ± 11.8 48.4 ± 15.9 0.86

Sex (% female) 80 75 1.0

Ethnicity (% Caucasian) 80 63 0.61

Hypertension (%) 30 0 0.22

Diabetes (%) 10 0 1.0

Current smoking (%) 10 0 1.0

FH of CVD (%) 37.5 12.5 0.57

Statin use (%) 10 12.5 1.0

Total cholesterol (mg/dL) 178 ± 52 165 ± 22 0.52

LDL cholesterol (mg/dL) 104 ± 35 89 ± 22 0.31

HDL cholesterol (mg/dL) 52 ± 15 56 ± 14 0.58

Triglycerides (mg/dL) 116 ± 59 101 ± 84 0.21

ESR (mm/h) 71 ± 24 6 ± 5 0.0006

HS-CRP (mg/L) 42.1 ± 40.1 0.91 ± 1.5 0.0006

HDL inflammatory index (HII) 2.21 ± 0.52 0.56 ± 0.09 0.0092

HDL high density lipoprotein, LDL low density lipoprotein, ESR erythrocyte sedimentation rate, HS-CRP high-sensitivity C-reactive protein
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Table 2

Free oxidized fatty acid levels in HDL and LDL fractions from RA patients compared to healthy controls

Rheumatoid arthritis (n = 10) Healthy control (n = 8) P value

HDL 5-HETE 14.4 ± 5.8 5.8 ± 2.6 0.0009

HDL 12-HETE 155.9 ± 338.6 33.3 ± 8.0 0.3986

HDL 15-HETE 3.8 ± 2.2 1.4 ± 0.5 0.0029

HDL 9-HODE 27.7 ± 14.8 9.5 ± 5.7 0.0039

HDL 13-HODE 38.2 ± 19.9 13.7 ± 6.1 0.0039

LDL 5-HETE 0.58 ± 0.28 0.22 ± 0.14 0.0038

LDL 12-HETE 7.6 ± 9.5 3.4 ± 3.1 0.230

LDL 15-HETE 0.47 ± 0.17 0.21 ± 0.14 0.003

LDL 9-HODE 5.3 ± 3.6 1.8 ± 1.4 0.005

LDL 13-HODE 6.8 ± 4.5 2.3 ± 1.6 0.005

All units are nanograms per milliliter plasma
HDL high density lipoprotein, LDL low density lipoprotein, HETE hydroxyeicosatetraenoic acid, HODE hydroxyoctadecadienoic acid
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Table 3

Correlations of free oxidized fatty acids in HDL and LDL with measures of systemic inflammation and HDL 

function

ESR P value HS-CRP P value HII P value

HDL 5-HETE 0.78 0.0002 0.74 0.0005 0.54 0.02

HDL 12-HETE 0.0037 0.99 0.25 0.33 0.35 0.16

HDL 15-HETE 0.80 0.0001 0.66 0.0029 0.57 0.013

HDL 9-HODE 0.72 0.0010 0.65 0.0038 0.56 0.017

HDL 13-HODE 0.70 0.0017 0.65 0.0032 0.58 0.01

LDL 5-HETE 0.39 0.12 0.65 0.0037 0.50 0.03

LDL 12-HETE 0.16 0.53 0.18 0.48 0.09 0.72

LDL 15-HETE 0.50 0.04 0.696 0.001 0.43 0.08

LDL 9-HODE 0.48 0.054 0.62 0.0057 0.41 0.09

LDL 13-HODE 0.47 0.058 0.62 0.0064 0.29 0.24

Spearman’s correlation coefficients are shown in the table

HDL high density lipoprotein, LDL low density lipoprotein, HETE hydroxyeicosatetraenoic acid, HODE hydroxyoctadecadienoic acid
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Table 4

Characteristics of synovial fluid from patients with rheumatoid arthritis and osteoarthritis

Rheumatoid arthritis (n = 10) Osteoarthritis (n = 11) P value

Age (years) 55 ± 13 69 ± 19 0.055

Female (%) 60 55 1.0

SF total WBC 15,409 ± 6153 617 ± 496 0.001

SF neutrophils 11,840 ± 7000 120 ± 177 0.001

SF monocytes/macrophages 2074 ± 1490 247 ± 135 0.001

HDL cholesterol 18 ± 10 12 ± 7 0.12

Total cholesterol 59 ± 17 26 ± 17 0.0004

HDL inflammatory index 2.1 ± 1.9 0.5 ± 0.1 0.046

MPO activity (ng/ml) 74.5 ± 48.3 0.9 ± 0.6 0.008

Aryl activity (μmol/min/ml) 412 ± 150 122 ± 129 0.001

PON1 activity (nmol/min/ml) 87 ± 37 39 ± 19 0.004

5HETE (ng/ml SF) 0.44 ± 0.33 0.57 ± 0.68 0.97

12HETE (ng/ml SF) 0.12 ± 0.07 0.12 ± 0.05 0.86

15HETE (ng/ml SF) 0.37 ± 0.07 0.26 ± 0.11 0.02

9HODE (ng/ml SF) 1.31 ± 1.70 0.63 ± 0.36 0.27

13HODE (ng/ml SF) 4.15 ± 4.20 2.02 ± 1.20 0.096

SF synovial fluid, WBC white blood cell, HDL high density lipoprotein, MPO myeloperoxidase, Aryl arylesterase, PON1 paraoxonase, HETE 
hydroxyeicosatetraenoic acid, HODE hydroxyoctadecadienoic acid
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