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Relations Between Autoantibodies Against Oxidized
Low-Density Lipoprotein, Inflammation, Subclinical
Atherosclerosis, and Cardiovascular Disease in
Rheumatoid Arthritis
MIKE J.L. PETERS, VOKKO P. van HALM, MICHAEL T. NURMOHAMED, JAN DAMOISEAUX,
JAN WILLEM COHEN TERVAERT, JOS W.R. TWISK, BEN A.C. DIJKMANS, and ALEXANDRE E. VOSKUYL

ABSTRACT. Objective. Rheumatoid arthritis (RA) is associated with an unexplained increased cardiovascular
risk. Autoantibodies recognizing oxidized low-density lipoprotein (oxLDL-ab) are associated with
atherosclerosis in the general population and have been reported in several autoimmune diseases. We
investigated relations between oxLDL-ab, inflammation, subclinical atherosclerosis, and cardiovas-
cular disease (CVD) in patients with RA.
Methods. In a nested case-control study, serum concentrations of oxLDL-ab were measured in 140
RA patients. Ultrasound examination of the carotid artery [i.e., carotid intima-media thickness
(CIMT)] was performed in a third of these patients. Correlations were calculated for oxLDL-ab, C-
reactive protein (CRP), and high-density lipoprotein (HDL) cholesterol. Regression analyses were
used to examine associations between oxLDL-ab and prevalent CVD, and oxLDL-ab and CIMT.
Results. OxLDL-ab were positively correlated with CRP (r = 0.33, p < 0.001) and negatively corre-
lated with HDL cholesterol (r = –0.28, p = 0.001). An indication for interaction was found (p = 0.09),
suggesting that inflammation modifies the relation between HDL cholesterol and oxLDL-ab.
OxLDL-ab were independently associated with intimal thickening, but not associated with prevalent
CVD.
Conclusion. OxLDL-ab were strongly related with the degree of inflammation and may predispose
to a higher risk for CVD, as they were independently associated with subclinical atherosclerosis in
patients with RA. (First Release June 15 2008; J Rheumatol 2008;35:1495–9)

Key Indexing Terms:
RHEUMATOID ARTHRITIS CARDIOVASCULAR DISEASE
INFLAMMATION CHOLESTEROL

From the Department of Rheumatology, VU University Medical Center,
Amsterdam; Department of Rheumatology, Jan van Breemen Institute,
Amsterdam; Department of Internal Medicine, VU University Medical
Center, Amsterdam; Department of Clinical and Experimental
Immunology, University Hospital Maastricht, Maastricht; and Department
of Clinical Epidemiology and Biostatistics, VU University Medical Center,
Amsterdam, The Netherlands.

M.J.L. Peters, MD; V.P. van Halm, MD, Department of Rheumatology, VU
University Medical Center; M.T. Nurmohamed, MD, PhD, Department of
Rheumatology, Jan van Breemen Institute, Department of Internal
Medicine, VU University Medical Center; J. Damoiseaux, PhD;
J.W. Cohen Tervaert, MD, PhD, Department of Clinical and Experimental
Immunology, University Hospital Maastricht; J.W.R. Twisk, PhD,
Department of Clinical Epidemiology and Biostatistics, VU University
Medical Center; B.A.C. Dijkmans, MD, PhD, Department of
Rheumatology, VU University Medical Center, Department of
Rheumatology, Jan van Breemen Institute; A.E. Voskuyl, MD, PhD,
Department of Rheumatology, VU University Medical Center.

Address reprint requests to Dr. A.E. Voskuyl, VU University Medical
Center, Department of Rheumatology, PO Box 7057, 1007 MB
Amsterdam, The Netherlands. E-mail: ae.voskuyl@vumc.nl

Accepted for publication March 24, 2008.

Oxidized low-density lipoproteins (ox-LDL) play an impor-
tant role in the pathogenesis of atherosclerosis. After the
uptake of ox-LDL, macrophages change into lipid-laden

foam cells and accumulate in fatty streaks, evolving to more
complex atheromatous plaques. Ox-LDL induces endothe-
lial cell activation, it is chemotactic for monocytes and T
lymphocytes, and it promotes cytotoxicity to various cell
types1. It has been established that these processes lead to
accelerated atherosclerosis.

In addition, ox-LDL is antigenic. Oxidative stress
induces immunogenic epitopes in the LDL molecule leading
to the formation of autoantibodies against ox-LDL (oxLDL-
ab)2. On one hand, it is thought that these oxLDL-ab are pre-
dictive for the presence of atherosclerosis and that increased
titers may function as a marker of atherosclerosis, as numer-
ous study groups have demonstrated increased oxLDL-ab
concentrations in human sera of patients with autoimmune
diseases3, coronary heart disease4, and carotid atherosclero-
sis5. On the other hand, inverse associations between
oxLDL-ab and carotid atherosclerosis have also been found,
suggesting that oxLDL-ab will protect against atherosclero-
sis6. Hence, the precise role of the immune response to
oxLDL regarding atherosclerosis is still under discussion.

The autoimmune disease rheumatoid arthritis (RA) is
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associated with an unexplained increased cardiovascular
risk, particularly due to excessive atherosclerosis7.
Epidemiologic, clinical, and laboratory investigations have
proven that the immune system and inflammation play a
major role in all stages of atherosclerosis, and it has been
established that these contribute considerably to the
increased cardiovascular risk8. In RA, there is a proinflam-
matory and pro-oxidative state that can accelerate athero-
sclerosis9,10. The aim of our study was to determine the rela-
tions between oxLDL-ab, inflammation, subclinical athero-
sclerosis, and cardiovascular disease (CVD) in RA.

MATERIALS AND METHODS
Study population. A nested case-control study was created to measure
serum levels of oxLDL-ab in 140 patients with RA. Thirty-three selected
RA patients with a confirmed history of CVD were identified and 3–4 con-
trols without CVD were added per case (n = 107). Control RA patients
were matched for sex, age, disease duration, and smoking habits. A verified
medical history, drug treatment, physical examination [including an ankle
brachial pressure index (ABPI)], and (fasting) laboratory assessment (see
laboratory measurements) were obtained from all patients. CVD was
defined as an objectified history of coronary, cerebral, or peripheral arteri-
al disease. Coronary diseases were defined as having a history of myocar-
dial infarction or surgery for ischemic heart disease. Cerebrovascular dis-
ease indicated a history of stroke or a transient ischemic attack or a coro-
nary artery bypass graft. Peripheral arterial disease was defined as periph-
eral arterial reconstructive surgery, limb amputation, or an ABPI < 0.50.
The ABPI was obtained using a handheld Doppler, measuring the maxi-
mum systolic pressure of either the artery dorsalis pedis or artery posterior
tibial divided by the maximum systolic blood pressure in the brachial
artery. An ultrasound investigation of the carotid artery was performed in a
subsample encompassing a third of the RA patients, i.e., 48 out of 140
(34%) RA patients [see carotid intima-media thickness (CIMT)].

The local ethics committees approved the study protocol and all partic-
ipants signed a written informed consent form.

Laboratory measurements. OxLDL-ab were analyzed as described11.
Briefly, LDL was isolated from the plasma of a healthy subject in a potas-
sium bromide discontinuous gradient, according to Redgrave, et al12. The
LDL content was determined as described13. Malondialdehyde modifica-
tion was used to oxidize LDL. Specific IgG oxLDL-ab in patient serum
were detected by ELISA, and wells were differentially coated with ox-LDL
and native LDL. Analyses were performed in triplicate. Results were
expressed as median ox-LDL levels in optical density (OD) and were cal-
culated by subtracting binding to native LDL from binding to ox-LDL. In
order to calculate intra-assay variation, a positive control was included on
each ELISA microtiter plate (n = 10). This revealed an intra-assay variation
of 2.1%. Fasting serum total cholesterol and triglycerides were analyzed by
an enzymatic method (Roche Diagnostics, Basel, Switzerland), according
to the instructions of the manufacturer. PEG-modified enzymes were used
for assessing the high-density lipoprotein (HDL) cholesterol levels. LDL
cholesterol levels were calculated using the Friedewald formula. CRP was
measured by using a latex enhanced highly sensitive assay (Roche
Diagnostics). IgM-RF was measured by an in-house ELISA on an ES300
analyser (Roche Diagnostics).

Carotid intima media thickness (CIMT). A single observer unaware of the
participants’ clinical or laboratory characteristics performed an ultrasound
of the right common carotid artery. Measurements were performed with a
7.5-MHz linear probe, connected to a PC equipped with vessel-wall move-
ment detection software and an acquisition system (Wall Track System, Pie
Medical). The distance between the lumen-intima interface and the leading
edge of the media-adventitia interface of the far wall corresponds with
CIMT, and is measured at the common carotid artery 10 mm in front of the

carotid bulb. Sites with mural atherosclerotic plaques were avoided. The
intra-observer intersession coefficient of variation was < 10%.

Statistical analysis. Data are expressed as mean (SD) or median [interquar-
tile ranges (IQR)] as appropriate. The distribution of variables was tested
for normality and transformed if necessary. Differences in baseline charac-
teristics between RA patients with and patients without prevalent CVD
were evaluated by using independent t-tests for normally distributed vari-
ables, Mann-Whitney U-tests for skewed variables, and Pearson chi-square
tests for dichotomous variables. Correlations between oxLDL-ab levels and
CRP levels and between oxLDL-ab levels and HDL cholesterol were ana-
lyzed by Spearman’s rank correlation tests, and p values < 0.01 were con-
sidered statistically significant. To test whether inflammation modified the
relation between HDL cholesterol and oxLDL-ab levels, the interaction
term CRP*HDL cholesterol was entered into a linear regression model with
oxLDL-ab as outcome variable.

In order to examine differences in oxLDL-ab between RA patients with
(case) and those without prevalent CVD (control) and to deal with matched
case-control pairs (for sex, age, disease duration, smoking habits) condi-
tional logistic regression analyses were used. Linear regression analyses
were performed to investigate the association of oxLDL-ab with the out-
come measure CIMT, which was distributed normally. First, besides
oxLDL-ab, all other potential prognostic indicators, i.e., sex; age; disease
duration; smoking habits; erythrocyte sedimentation rate (ESR); CRP;
Disease Activity Score-28 (DAS-28); IgM-RF; total, LDL and HDL cho-
lesterol; the use of statins; systolic and diastolic blood pressure; antihyper-
tensive agents; prednisone; and methotrexate (MTX) were examined sepa-
rately. Second, a multivariable model was constructed according to a for-
ward selection procedure, introducing those variables that showed a statis-
tically significant association with the outcome measure (p value ≤ 0.10).
Calculations were performed with SPSS 13.0 software.

RESULTS
Characteristics of the cohort. In accord with the general
Dutch population, CVD occurred more often in male than in
female RA patients, leading to a relatively high proportion
of male RA patients in our study group. Baseline character-
istics from RA patients with prevalent CVD and without
CVD are shown in Table 1. Their mean age was 65 years and
58% were female. Among all RA patients, 71% were IgM-
RF-positive and 83% had erosions on radiographs. On aver-
age the RA patients had a disease duration of almost 7 years
and a moderately active disease, with a mean DAS-28 > 4.
Patients with CVD used statins and antihypertensive agents
significantly more often. Total and HDL cholesterol as well
as CRP levels were significantly lower in RA patients with
CVD. Further, this group tended to use MTX more fre-
quently. Patients who used statins had just slightly lower
levels of oxLDL-ab, but significantly lower CRP levels. No
differences in oxLDL-ab were found between RA patients
who used prednisone and those who did not [median 0.170
(IQR 0.132–0.282) vs 0.195 (IQR 0.129–0.273), p = 0.51],
and between RA patients who used MTX and those who did
not [median 0.183 (IQR 0.132–0.278) vs 0.198 (IQR
0.130–0.270), p = 0.91]. The group of RA patients in whom
CIMT measurements were performed was comparable to
the group not selected, as no significant differences were
found in characteristics, including the prevalence of CVD
(23% vs 24%, respectively; p = 0.90).
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Relations between oxLDL-ab, inflammation, subclinical
atherosclerosis, and CVD. OxLDL-ab were positively cor-
related with CRP levels (r = 0.33, p < 0.001) and negatively
with HDL cholesterol (r = –0.28, p = 0.001). In addition,
CRP levels were negatively correlated with HDL cholesterol
(r = –0.26, p = 0.002). These correlation coefficients did not
change when analyses were performed separately, i.e., in
patients with CVD and patients without CVD. We also
found an indication for interaction (p = 0.09) suggesting that
inflammation modifies the relation between HDL choles-
terol and oxLDL-ab.

Conditional logistic regression analyses revealed no dif-
ferences in oxLDL-ab between patients with and those with-
out CVD (odds ratio 0.85, 95% confidence interval
0.12–6.10; p = 0.87). Separate adjustments for potential
confounders, i.e., ESR, CRP, DAS-28, IgM-RF, total, LDL-
and HDL cholesterol, use of statins, systolic and diastolic
blood pressure, antihypertensive agents, prednisone, and
MTX did not change these results.

On univariate analysis, age and oxLDL-ab were associ-
ated with CIMT in RA patients (Table 2, crude model).
Multivariable analyses were performed to examine if
oxLDL-ab were independently associated with CIMT. In
this analysis, the only significant factors that had to be
included were age and oxLDL-ab (Table 2, adjusted
model).

DISCUSSION
Our findings indicate that oxLDL-ab are strongly related to
the degree of inflammation and may predispose to a higher
risk for CVD as they were independently associated with
subclinical atherosclerosis in patients with RA. OxLDL-ab,
however, did not differ between RA patients with prevalent
CVD and those without prevalent CVD.

Standardized mortality ratios are doubled in RA7, and
this is largely attributable to CVD, particularly coronary ath-
erosclerotic disease14-16. This increased CVD risk in RA
could be explained by a higher prevalence of traditional car-
diovascular risk factors, but this is unlikely17. The number
of investigations that reported linkages and interactions
between inflammation, autoimmunity, oxidative damage,
and atherosclerosis has been increased over the last
decade18-21. Various inflammatory cells such as macro-
phages and lymphocytes are known to stimulate reactive
oxygen species, which may lead to increased levels of
oxLDL-ab. This is in agreement with our observations dis-
closing a strong association between oxLDL-ab and the
degree of inflammation. As well, it is thought that inflam-
mation modifies HDL cholesterol, and subsequently its
antiatherogenic function. The concentration of several
HDL-specific proteins, such as paraoxonase and transferrin,
that possess antioxidant capacities changes during inflam-
mation22. RA patients with a higher degree of inflammation
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Table 1. Baseline differences between RA patients with prevalent CVD and without CVD.

Characteristic Non-CVD, CVD,
n = 107 n = 33 p

Age, yrs (mean, SD) 64.4 ± 7.0 66.1 ± 7.0 0.22
Men, % 42 42 0.97
RA-related
Disease duration, yrs (median, IQR) 6.8 (3.8–10.0) 6.1 (3.4–10.6) 0.52
Erosions, % 86 75 0.15
IgM-RF, % 71 72 0.90
ESR, mm/h (median, IQR) 21 (10–36) 13 (8–28) 0.14
CRP, mg/l (median, IQR) 8 (3–25) 6 (1–14) 0.048*
DAS-28 (mean, SD) 4.2 ± 1.4 4.0 0.55
Methotrexate, % 55 73 0.07
Prednisone, % 21 22 0.88

CVD-related
Ever smokers, % 81 88 0.72
Hypertension (measured), % 49 50 0.89
Hypertension (on drug), % 22 47 0.007*
Diabetes, % 3 9 0.10
Current statin user, % 6 48 < 0.001*
Total cholesterol, mmol/l (mean, SD) 6.0 ± 1.4 5.4 ± 1.3 0.011*
LDL cholesterol, mmol/l (mean, SD) 4.0 ± 0.9 3.4 ± 1.2 0.003*
HDL cholesterol mmol/l (mean, SD) 1.4 ± 0.4 1.4 ± 0.5 0.98

Autoantibodies against oxLDL
OxLDL-ab, OD, median (IQR) 0.186 (0.13–0.28) 0.195 (0.12–0.25) 0.55

Student t test or Mann-Whitney U-test for comparison of continuous variables, Pearson chi-square tests for
dichotomous variables. * Significant differences. IQR: interquartile range; IgM-RF: IgM-rheumatoid factor;
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; DAS28: 28-joint disease activity score; OD: opti-
cal density, arbitrary units.
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have more proinflammatory than antiinflammatory HDL
cholesterol23. As a consequence the ability of HDL choles-
terol to protect LDL from oxidation may be more impaired
in those with a higher degree of inflammation. Our observa-
tions reveal strong but opposite correlations between inflam-
mation and HDL cholesterol and between oxLDL-ab and
HDL cholesterol, which is in accord with the findings of
others9. We also investigated if inflammation interacts with
HDL cholesterol, leading to increased levels of oxLDL-ab.
Indeed, an indication for interaction was found suggesting
such a modification.

It has been demonstrated that levels of oxLDL-ab are
higher in RA patients than in healthy subjects9,24. Studies
investigating the possible contribution of these elevated
oxLDL-ab towards atherosclerosis, however, are limited. To
our knowledge only 3 studies have investigated this relation,
and their results are contradictory. Cvetkovic and coworkers
described increased titers of oxLDL-ab among RA patients
with a history of myocardial infarction10, in contrast to our
findings. Two other studies investigated the relation between
oxLDL-ab and carotid atherosclerosis, and these showed
opposite results25,26. Several reasons can be given for these
conflicting results. They could be explained in part by the
more frequent use of statins in RA patients with prevalent
CVD in our study. Statins have several antiinflammatory
and immunomodulating properties, which may lead to
reduction of oxidative stress and susceptibility of LDL to
oxidation27. Cvetkovic and coworkers did not investigate
this topic, and moreover demonstrated only that increased
titers of oxLDL-ab were associated with a history of
myocardial infarction in RA patients. In line with our find-
ings, they observed no significant differences in oxLDL-ab
between the total group of RA patients with CVD, including
myocardial infarction, stroke/ischemic attacks, deep vein
thrombosis/pulmonary embolism and hypertension, and RA
patients without CVD. Another explanation may be that the
methods for oxLDL-ab detection are not standardized.
Finally, the differences may also be related to the different
patient populations in which oxLDL-ab were studied. For
example, Sherer and coworkers26 excluded RA patients with
prevalent CVD, whereas these RA patients were included in
our study.

These contradictory findings in RA patients reflect obser-
vations in the general population and illustrate that the role
of the humoral immune response to oxLDL is unclear. In our

study oxLDL-ab were independently associated with CIMT,
suggesting that these antibodies have proatherogenic prop-
erties. A hypothetical mechanism by which oxLDL-ab can
be atherogenic is through the formation of ox-LDL immune
complexes (oxLDL-IC). Virella, et al have illustrated that
oxLDL-IC prepared with purified human oxLDL-ab induce
macrophages to transform into foam cells, and also stimu-
late macrophages to release proinflammatory cytokines28.
We observed discrepancies in the relations between oxLDL-
ab, CVD, and CIMT. This was an unexplained finding and
might be due to a type II error. Alternatively, it may also sug-
gest that antibody formation plays a different role in differ-
ent stages of development of atherosclerosis. Our study,
however, was not suited to investigate the underlying mech-
anism by which oxLDL-ab may contribute to atherosclero-
sis. Nonetheless, it supports the hypothesis of oxLDL-ab
being atherogenic.

Our study has potential limitations that should be
acknowledged. Causality cannot be inferred from a cross-
sectional study and observations can be difficult to interpret.
The use of statins and blood pressure-lowering agents, for
example, was more prominent in RA patients with prevalent
CVD, and this could have lowered levels of oxLDL-ab in
this group27. Statistical adjustment for statin use with this
number of patients would not be sufficient to correct for this
potentially confounding factor. Therefore, our results should
be approached cautiously. The data on which our results are
based with regard to the relation between CIMT and
oxLDL-ab are from only one-third of all RA patients we
studied. Nevertheless, we do not believe this influenced the
results as the characteristics of those who underwent CIMT
measurements and those who did not were similar.

Our findings support the hypothesis of oxLDL-ab being
atherogenic and demonstrate that oxLDL-ab are strongly
related to the degree of inflammation. Hence, oxLDL-ab
may be seen as a novel biomarker for increased risk of ath-
erosclerosis in patients with RA. Prospective studies inves-
tigating levels of oxLDL-ab and their relations with incident
CVD are needed to determine the potential predictive role of
oxLDL-ab.
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Table 2. The association between carotid atherosclerosis [i.e., carotid intima-media thickness (CIMT)] and
oxLDL-antibodies. Linear regression analyses were used to investigate the association between CIMT and
oxLDL-antibodies. Age and oxLDL-ab were included in the adjusted model.

Crude Model Adjusted Model
Variable ß (95% CI) p ß (95% CI) p

CIMT 0.11 (0.00–0.22) 0.047 0.12 (0.01–0.23) 0.029
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