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Abstract

Dyslipidemia has been implicated in various musculoskeletal diseases, including rheumatoid arthritis (RA). Evidence is
emerging that there might be a pathogenic interaction among inflammation, dyslipidemia, and adipokines. We
prospectively investigated the association of cumulative lipid levels with radiographic progression of RA. RA patients
(n=242) underwent plasma cholesterol assessment at four visits. Disease activity parameters and X-rays of the hands and
feet were also serially monitored in these patients. The cumulative inflammatory burden and lipid levels were estimated by
time-integrated values. Serum leptin and adiponectin concentrations were determined by ELISA. When patients were
divided into three groups according to time-integrated lipid levels, as expected, patients with LDL cholesterol and/or
triglyceride levels in the third tertile had persistently higher ESR and CRP levels. In parallel, a more rapid radiographic
progression over two years was observed in patients with higher LDL cholesterol and/or triglyceride levels. In multivariate
analysis, time-integrated LDL cholesterol was independently associated with radiographic progression. Particularly, the risk
of radiographic progression was 5.6-fold in a subgroup with both LDL cholesterol and triglyceride levels in the third tertile.
Moreover, LDL cholesterol synergistically increased the adjusted probability of radiographic progression in patients with
high serum leptin levels but not in those without. These results demonstrate that LDL cholesterolemia is a novel serum
marker that can be used to predict radiographic progression of RA, which seems to be related to circulatory leptin levels. We
suggest that personalized and more aggressive anti-rheumatic therapy is required for dyslipidemic subgroups in RA
patients.
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Introduction are consistent, patients with active untreated RA demonstrate
reduced high density lipoprotein (HDL), but increased LDL
cholesterol and lipoprotein(a) levels [12]. In this regard, systemic
inflammation can be a notable contributor to the lipid profile
changes [13]. In contrast, evidence that lipids have a direct
modulating effect on inflammation has emerged. For example,
hypercholesterolemia induces inflammation by increasing circu-
lating inflammatory cells [14,15]. Other studies have demonstrat-
ed an association between oxidized LDL cholesterol and
proinflammatory cytokines such as interleukin-6 (IL-6) and tumor
necrosis factor-o (TNF-or) [16]. Adipose tissue also secretes various
cytokines such as the proinflammatory TNF-o0 and IL-6 [17],
which are key cytokines responsible for the perpetuation of RA.
Most studies on the relationship between rheumatoid inflamma-

Dyslipidemia has been associated with a variety of types of
inflammatory arthritis such as gout and familial hypercholester-
olemia with migratory polyarthritis [1]. In regard to arthritis,
carlier studies have demonstrated that obese people are at an
increased risk of developing rheumatoid arthritis (RA) and
psoriatic arthritis [2-4]. Two recent studies [5,6] also reported
that lipid-lowering therapy may be beneficial in reducing disease
activity and the number of swollen joints in RA. Moreover,
oxidized low density lipoprotein (LDL) is increased in inflamed
synovial fluid [7], and both intracellular and extracellular oxidized
LDL are detected in the rheumatoid synovium [8]. Recently, we
have shown that there is a common genetic predisposition for the
synchronicity of RA and dyslipidemia [9,10]. Together, these
observations suggest that dyslipidemia is linked to the pathogenesis
of RA.

In comparison with general population, patients with RA have
higher prevalence of dyslipidemia [11]. Although not all studies

tion and dyslipidemia have been limited in that they were
performed in animal models of chronic arthritis or were not
analyzed in a prospective manner. Therefore, it is unclear whether
dyslipidemia has pathogenic or phenotypic correlations with RA
activity and severity in humans.
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An accumulation of chronic synovitis over time results in
progressive deformity in RA, which leads to irreversible disability
[18]. Therefore, the discovery of prognostic biomarkers is
important for the early identification of patients with a potentially
aggressive disease course and the development of tailored
aggressive therapy. Risk factors already established to predict a
more rapid progression include the presence of anti-cyclic
citrullinated peptide antibody (ACPA) and rheumatoid factor
(RF), the shared epitope, and chronically elevated synovial and
systemic inflammation [19]. However, with the exception of the
inflammatory markers, these risk factors cannot be easily modified.
Thus, it is important to find reversible and measurable biomarkers
of radiographic progression. In this study, we postulate that the
presence and/or severity of dyslipidemia may reflect the disease
activity of RA, and thus lipid levels could be an additional
biomarker for the progression of RA since they apparently
correlate well and independently with the degree of rheumatoid
inflammation [12,20], which is one of the strongest prognostic
factors of RA. To address this issue, we prospectively investigated
the tripartite relationship among cholesterol levels and inflamma-
tory markers/disease activity, which were regularly monitored
over two years, and radiographic progression of RA.

Materials and Methods

Ethics Statement

The study protocol was approved by the Institutional Review
Board of the Catholic Medical Center (VC12RISIO191). All
patients gave written informed consent to the study protocol.

Patients’ Clinical Characteristics

The hospital-based study group was composed of 324 consec-
utive RA patients. All participants fulfilled the 1987 American
College of Rheumatology criteria for the classification of RA [21].
Forty-eight RA patients failed to provide written informed
consent, leaving 276 RA patients enrolled in this study. An
additional 32 of those 276 patients had one or more missing values
and were subsequently excluded. In total, 242 RA patients with
complete data were analyzed for this study. The following subjects
were excluded: those with severe cardiac, renal, or nutritional
disorders that would affect lipid levels, current or chronic
infection, pregnancy, excessive alcohol use (>5 times per week),
and a history of malignancy. Information on demographic
characteristics was collected, including age, gender, body mass
index (BMI), presence of hypertension or diabetes mellitus, disease
duration, positive RF detection, positive ACPA detection, disease
activity, and disease severity. Disease activity was evaluated with a
Disease Activity Score 28-joint assessment (DAS28) [22]. Disease
severity was assessed by evaluating radiographic damage on X-
rays of the hands and feet. Current medication use was carefully
recorded both from the information provided by the patients and
from medical records, including disease modifying anti-rheumatic
drugs (DMARD), biologics, and the dose and type of glucocor-
ticoids.

Radiographic Assessment

Radiographs of the hands and feet were taken at baseline and
annually thereafter. The radiographic severity was scored in
chronologic order for erosions and joint space narrowing
according to the Sharp/van der Heijde (SvdH) method [23] and
was determined by two board-certified physicians who were
blinded to each patient’s identity and clinical status. The inter-
observer variability described by the interclass correlation
coeflicient was 0.93. Joint space narrowing and erosion scores
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were summed to give the total radiographic progression score.
Erosion and narrowing progression scores were calculated by
subtracting the initial score from the score after a two-year follow-
up. Radiographic progression was defined as a progression score

>4 [19].

Measurement of Plasma Lipid Levels and Adipocytokine
Levels

Fasting blood samples were collected at each study visit (total of
four repeated measures per participants). Lipid parameters were
measured according to standard procedures at the Department of
Clinical Chemistry, St. Vincent’s Hospital, The Catholic Univer-
sity of Korea. Plasma total cholesterol and triglyceride levels were
assayed using enzymatic CHOD-PAP methods (Roche Diagnos-
tics, Meylan, France). HDL cholesterol levels were measured using
a homogenous method based on the polyanion-polymer/detergent
(Daiichi, Tokyo, Japan). LDL cholesterol was calculated by the
Friedewald formula, with the assignment of missing values to
subjects with a triglyceride level <400 mg/dl. We considered the
patients to have dyslipidemia if their fasting plasma HDL
cholesterol was <40 mg/dl in men and <50 mg/dl in women
or if their LDL cholesterol was =130 mg/dl, their triglyceride was
=200 mg/dl, or their total cholesterol was =200 mg/dl. Serum
samples were obtained at baseline and stored at —70°C. The
serum concentrations of adipocytokines (leptin [ng/ml] and
adiponectin [{lg/ml]) were measured by a commercial enzyme-
linked immunosorbent assay (ELISA) kit (R&D Systems, Minnea-
polis, MN, USA), according to the manufacturer’s recommenda-
tions.

Statistical Analyses

The distributions of all variables were examined. Cumulative
inflammatory burden and cholesterol levels were expressed in
time-integrated values, calculated from the area under the curve
for each patient during the two-year follow-up [19]. Comparisons
between the radiographic progression group and non-progression
group were performed by the independent t-test and the Mann—
Whitney test, and the ¥2 test was used for means, medians, and
proportions. Correlations were performed by Spearman correla-
tion analysis. To evaluate effects on cholesterol levels in serially
monitored inflammatory markers, repeated measures one-way
analysis of variance (ANOVA) were used. Multivariable logistic
regression was performed to analyze for significant and indepen-
dent contributions to radiographic progression. We used radio-
graphic progression events (any increase in SvdH score =4) as the
outcome after determining the presence of radiographic progres-
sion at two years. Multivariate models were constructed that
included all covariates with associations from univariate models
with a P-value =0.20. Cumulative probability plots were used to
display radiographic progression across patients with different
baseline levels of adipokines. Receiver operating characteristic
(ROC) analyses were performed to find the optimal cut-off levels
for adiponectin and leptin to discriminate between high and low.
High leptin and high adiponectin were defined when serum leptin
levels were =16.888 ng/ml and serum adiponectin levels were
=1.682 pug/ml. All reported P-values are two-tailed, with a P-
value of 0.05 indicating statistical significance. The sample size
was calculated to achieve a power of 80% via the following
hypotheses: 1) a prevalence of at least 0.20 of radiographic
progression in the highest tertile group of time-integrated LDL
cholesterol; and 2) an odds ratio of 2.0 associated with the studied
variable for the outcome (o0 =0.05). Under these suppositions, the
calculated total sample size was 221. The odds ratio was identified
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by logistic regression. Analyses were performed with the use of
SAS software, version 9.2 (SAS Institute Inc., NC, USA).

Results

Baseline Characteristics

Plasma levels of cholesterol were measured in 242 patients with
RA. The mean age was 53.8 years, and the median disease
duration was 6 years (Table S1). One hundred eighty-nine
(78.1%) patients were positive for ACPA, and the median SvdH
score was 31 [IQR:13-78]. One hundred eighty-seven patients
(77.3%) received methotrexate, 155 (64.0%) received hydroxy-
chloroquine, 26 (10.7%) received anti-TNF-o therapy, and 187
(77.3%) patients were treated with a low dose of prednisolone
(=10 mg/day). Other characteristics of the RA patients are shown
in Table S1. As reported previously [24-26], when we compared
plasma lipid levels between RA patients and age- and gender-
matched healthy controls, LDL cholesterol levels and triglyceride
levels were increased, but HDL cholesterol levels were decreased
in RA patients (Figure S1).

Dyslipidemia and RA Disease Activity

Since lipid levels are influenced by disease activity [12], we
studied whether lipid levels correlated with RA activity in our
cohort. When patients were divided into three tertile groups
according to time-integrated lipid levels, patients with LDL
cholesterol levels in the third tertile had persistently higher
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
and DAS28 levels than the first tertile group (Figure 1). The
patients with triglyceride levels in the third tertile also had higher
baseline CRP and DAS28 levels than the first tertile group;
however, there was no significant difference across the HDL
tertiles. Interestingly, although the three tertile groups of LDL
cholesterol and triglyceride showed a decreasing tendency of
disease activity with anti-rheumatic treatments, this decreasing
trend was significantly attenuated in the highest tertile group
(Figure 1). These results suggest that patients with higher LDL
cholesterol and triglyceride levels are in a more active state of
disease, showing a poor response to medical treatment.

Dyslipidemia and Radiographic Progression

We studied further whether lipid tertile could reflect radio-
graphic progression. The result showed that the radiographic score
increased with increasing LDL cholesterol and triglyceride tertile.
Moreover, rapid progression was observed in the highest LDL
cholesterol group (Table S2). In univariate analyses for the
determination of factors affecting radiographic progression and
time-integrated LDL cholesterol, disease duration, the presence of
ACPA and RF, time-integrated CRP, time-integrated ESR, and
the use of methotrexate were found to be statistically significant
(Table 1 and Table 83, respectively). These variables were
therefore included in the multivariate logistic models (Table 2).
As shown in Table 2, time-integrated LDL cholesterol levels were
independently associated with radiographic progression (highest
tertile versus lowest tertile OR =2.831, 95% CI: [1.561-4.246],
P=0.031); however, neither time-integrated triglyceride nor HDL
levels were found to significantly increase the risk of radiographic
progression of RA. Since TNF-o blocking agents and statin
therapy can affect radiographic progression and LDL cholesterol,
respectively [5,6,27], we further analyzed the potential effects of
these agents. The association between radiographic progression
and LDL cholesterol levels remained significant after adjustment
for the use of TNF-o inhibitors (OR=2.194 [1.532-3.141],
P=0.039) and the use of statin (OR=3.124, P=0.001). In
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addition, radiographic progression rate may be also influenced by
the baseline radiographic severity. Thus, we further performed
linear regression analysis of the absolute radiographic scores as a
dependent variable after adjusting the baseline radiographic score.
When the multivariate regression analysis was performed after
adjusting for confounders, time-integrated LDL cholesterol
remained an independent risk factor for radiographic severity at
24 weeks (Table S4).

To analyze the effect of other lipid levels on disease acceleration
linked to LDL cholesterolemia, we divided the patients into nine
groups based on three tertiles of LDL cholesterol, triglyceride, and
HDL cholesterol (Figure 2A and 2B). Patients with both LDL
cholesterol and triglyceride levels in the lowest tertile (dark gray
column in the first row) were considered the reference subgroup.
As a result, the adjusted odds ratios of radiographic progression
additively rose as triglyceride tertile increased (Figure 2A).
Particularly, in a subgroup with both LDL cholesterol and
triglyceride levels in the third tertile, the adjusted odds ratio was
5.60 (95% CI: [1.25-7.14], P=0.013), as compared to the
reference subgroup (Figure 2A). In contrast, when the LDL
cholesterol tertile was similarly analyzed in association with the
HDL cholesterol tertile, such an increase in radiographic
progression was not noted (Figure 2B). In fact, the adjusted
odds ratios affected by HDL cholesterol tertile were 1.0 to 1.7 in
all nine subgroups, which were much lower than the third tertile of
LDL cholesterol only (OR =2.831), suggesting that HDL choles-
terolemia is rather protective for radiographic progression linked
to LDL cholesterolemia. Together, these data indicate that LDL
cholesterolemia interacts with triglyceridemia and HDL choles-
terolemia for RA progression.

We next wanted to compare the influence of LDL cholester-
olemia with that of conventional risk factors for RA progression,
including time-integrated ESR, time-integrated CRP, the presence
of rheumatoid factor, and the presence of ACPA. To address this
issue, we cvaluated the sensitivity and specificity of the time-
integrated LDL cholesterol levels in comparison with conventional
factors. When the ROC curve for each variable was analyzed, the
area under the curve (AUC) of time-integrated LDL cholesterol
was 0.609 [95%CI: 0.569-0.720], which was comparable to that
of the time-integrated CRP (0.648, [0.536-0.684]), time-integrated
ESR (0.631, [0.528-0.711]), RF (0.634, [0.547-0.688]), and
ACPA (0.648, [0.537-0.683]) (Figure 2C). No difference in
AUC was found between time-integrated LDL cholesterol and
time-integrated CRP (P=0.533). In addition, on the basis of the
null distribution of AUC (100,000 random permutation of data),
one-tailed P values for all variables were P<<0.005. These results
suggest that cumulative LDL cholesterolemia helps clinicians to
predict disease progression as efficiently as conventional prognostic

factors of RA.

LDL Cholesterolemia, Adipocytokines, and Disease
Progression

Evidence is emerging that adipocytokines with pro-inflamma-
tory activity, mainly produced from adipose tissues, are increased
in RA patients [17,28,29], and their levels correlate with disease
activity and radiographic progression [18,19,30-34]. Our findings
that LDL cholesterol showed an independent association with
radiographic progression prompted us to investigate whether
adipocytokines, including leptin and adiponectin, are involved in
this association. The results showed that both adiponectin (log
transformed value:y=0.234, P=0.001) and leptin (log trans-
formed value: y=0.211, P=0.002) levels showed positive corre-
lations with radiographic severity (Figure S2A and S2B).
Moreover, serum leptin concentrations also correlated well with
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Figure 1. Changes in ESR, CRP level, and DAS28 during the follow-up period according to time-integrated lipid tertile. Patients with
LDL cholesterol levels in the third tertile had persistently higher ESR levels (main effect of group: P<<0.001, main effect of time: P<<0.001, interaction
effect: P<<0.001), CRP levels (main effect of group: P<<0.001, main effect of time: P<0.001, interaction effect: P<<0.001), and DAS28 scores (main effect
of group: P=0.014, main effect of time: P=0.016, interaction effect: P<0.001) than those with levels in the first tertile. Patients with triglycerides levels
in the third tertile had higher CRP levels (main effect of group: P=0.021, main effect of time: P<<0.001, interaction effect: P<<0.001) and DAS28 scores
(main effect of group: P=0.011, main effect of time: P=0.016, interaction effect: P<<0.001) than those with levels in the first tertile. No difference was
found in ESR, CRP, and DAS28 according to HDL cholesterol levels. Values are expressed as mean=SD. P-values are calculated by ANOVA repeated

measures. See the Table 1 for abbreviations.
doi:10.1371/journal.pone.0068975.g001

LDL cholesterol levels (log transformed value: ¥ = 0.294, P<<0.001,
Figure S2C).

We further investigated whether serum adipokines affect the
radiographic progression of RA linked to LDL cholesterolemia.
To this end, we stratified the patients depending on serum leptin
or adiponectin concentrations. As seen in Figure 3A, patients
with high serum leptin (>16.888 ng/ml) showed a higher adjusted
probability of radiographic progression than those with low leptin
(< 16.888 ng/ml). The increase in radiographic progression by
high leptin was synergistic with LDL cholesterolemia (P<<0.001).
Interestingly, LDL cholesterolemia significantly increased radio-
graphic progression in patients with high leptin levels (OR =1.035,
95%CI: [1.016-1.033], P<0.001) but not in those with low leptin
levels (OR=1.010 [0.996-1.023], P=0.167), demonstrating a
dichotomy of leptin effect on radiographic progression under the
conditions of LDL cholesterolemia (Figure 3A). In contrast to
leptin, there was no difference in the effect of high (>1.682 ng/
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ml) versus low adiponectin (<1.682 ng/ml) on radiographic
progression (OR=1.020 [1.003-1.037] and P=0.018 for the
high adiponectin subgroup; OR=1.022 [1.009-1.036] and
P=0.001 for the low adiponectin subgroup) (Figure 3B).
Moreover, the effect of adiponectin in both subgroups was
additive but not synergistic (P=NS).

Discussion

Inflammatory cytokines play a pathogenic role in abnormalities
of lipid metabolism in a variety of disorders, including diabetes,
obesity, metabolic syndrome, and atherosclerosis [35]. In regard to
RA, reduced HDL cholesterol and elevated lipoprotein(a) corre-
lated with elevated serum CRP levels and inflammatory activity
[24]. Inflammatory activation may also drive higher LDL
cholesterol levels in RA [24,25]. Moreover, effective control of
RA can thus reverse adverse lipid profiles [20]. Previous studies
have demonstrated the relationship between disease activity and
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Table 1. Association between patient characteristics and radiographic progression at two years.

RA patients with radiographic

RA patients without radiographic

Variables progression (n=61) progression (n=181) P-value’
Age, years 54 (49-61) 52 (45-62) 0.113
Female, n (%) 50 (82.0) 138 (75.8) 0.271
Body mass index, kg/m2 22.1 (19.9-24.2) 23.1 (20.6-25.4) 0.074
Disease duration, years 8 (3-17) 6 (3-11) 0.044
Rheumatoid factor®, n (%) 48 (78.7) 117 (64.6) 0.042
ACPA®, n (%) 55 (90.2) 134 (73.6) 0.007
DAS28 4.4 (3.1-5.5) 3.9 (2.9-5.3) 0.137
Baseline ESR, mm/hour 31 (16-61) 22 (12-39) 0.052
Time-integrated ESR 1068 (558-2040) 720 (384-1272) 0.012
Baseline CRP, mg/d| 0.43 (0.09-1.57) 0.21 (0.08-0.82) 0.041
Time-integrated CRP 24.9 (5.1-90.5) 10.3 (2.4-33.4) 0.004
Methotrexate, n (%) 53 (86.9) 134 (74.0) 0.038
Anti-TNF o, n (%) 7 (11.5) 19 (10.5) 0.823
Time-integrated HDL cholesterol 1344 (1146-1488) 1272 (1080-1512) 0.306
Time-integrated triglyceride 2280 (1668-3336) 2112 (1560-2280) 0.040
Time-integrated LDL cholesterol 3098 (2557-3886) 2798 (2318-3182) 0.005

Data are presented as median (interquartile range) or number (%).

ml.
doi:10.1371/journal.pone.0068975.t001

cholesterol levels, showing that initial total cholesterol levels could
predict radiological progression in RA [36,37]. However, which
lipid component among LDL cholesterol, triglyceride, and HDL
cholesterol is associated with radiographic progression is incon-
clusive. In addition, there is a paucity of prospective reports
demonstrating a possible link between cumulative dyslipidemia
and inflammatory activity and disease severity of RA.

p-values represent the comparison between the radiographic progression group and non-progression group.
$ = antibody positivity. ACPA = anti-cyclic citrullinated peptide antibody, DAS28 = disease activity score in 28 joints, ESR = erythrocyte sedimentation rate, CRP = C-
reactive protein, TNF-o.=tumor necrosis factor alpha, HDL = high density lipoprotein, and LDL =low density lipoprotein. The positive cut-off value for ACPA was >5 U/

In our longitudinal study, RA patients with persistently higher
LDL cholesterol levels were in a persistently elevated inflamma-
tory state, as determined by time-integrated ESR, time-integrated
CRP, and DAS28, which is consistent with previous reports
[12,14-16,20,24-26,38] that the inflammatory milieu adversely
affects lipid profiles in RA. One of the most widely used lipid
biomarkers is LDL cholesterol, which has been used in risk
calculations for heart disease for over 50 years. Triglycerides are

Table 2. Logistic regression analysis of radiographic progression at two years according to lipid levels.

Models OR [95% ClI] P-value
Basic model+one kind of dyslipidemia
Time-integrated low-density lipoprotein cholesterol, tertile
Lowest 1
2 1.604 [0.726-3.306] 0.173
3 2.831 [1.561-4.246] 0.031
Time-integrated triglyceride, tertile
Lowest 1
2 1.324 [0.635-2.561] 0.212
3 1.814 [0.998-3.791] 0.059
Time-integrated high-density lipoprotein cholesterol, tertile
Lowest 1
2 0.760 [0.049-1.352] 0.732
3 1.124 [0.898-2.818] 0.096

doi:10.1371/journal.pone.0068975.t002
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OR = odds ratio, Cl = confidence interval. Basic model is comprised of age, body mass index, disease duration, presence of anti-cyclic citrullinated peptide antibody and
rheumatoid factor, time-integrated erythrocyte sedimentation rate levels, time-integrated C-reactive protein levels, and methotrexate use.
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Figure 2. Comparison of the effects of LDL cholesterol levels, other lipid levels, and conventional prognostic factors on
radiographic progression of rheumatoid arthritis. (A) Adjusted odds ratio of radiographic progression with combination of time-integrated
LDL cholesterol and triglyceride levels. (B) Adjusted odds ratio of radiographic progression with combination of time-integrated LDL cholesterol and
HDL cholesterol levels. The first tertile of lipid levels (dark gray column) was the reference group. All were adjusted for the following variables: age,
body mass index, disease duration, presence of ACPA and RF, time-integrated ESR levels, time-integrated CRP levels, and methotrexate use. P-values
are obtained from comparison with the reference group. *P<<0.05 for the blue column. (C) Receiver operating characteristic curves of time-integrated
LDL cholesterol, time-integrated ESR levels, time-integrated CRP levels, RF, and ACPA for prediction of radiographic progression. Area under the curve
was 0.609 for time-integrated LDL cholesterol, 0.631 for ESR, 0.648 for CRP, 0.634 for RF, and 0.648 for ACPA. See the Table 1 for abbreviations.
doi:10.1371/journal.pone.0068975.9002

also used clinically for risk assessment of heart disease and
diabetes. In RA patients, lipid and its derivatives, including
prostaglandins (lipid compounds), adipokines, and fat-derived
cytokines, function as biomarkers of disease activity and bone
destruction [18,19,31-34,38]. Since lipid levels can reflect the
degree of chronic inflammation, it can be hypothesized that
cumulative dyslipidemia reflects the radiographic severity of RA;

A — High leptin B

= Low leptin

1.0 1

Probability of radiographic progression
Probability of radiographic progression

0.0

75 100 125 150 175 200
LDL cholesterol (mg/dl)

however, no trial has been done to identify the direct association of
dyslipidemia itself with RA progression. In the present study, we
found that RA patients with chronically elevated LDL cholesterol
levels had a 2.8-fold greater odds ratio of radiographic progression
than those without, even after adjusting for potential confounders.
Particularly, the risk of radiographic progression was 5.6-fold in a
subgroup with both LDL cholesterol and triglyceride levels in the

- High adiponectin
= Low adiponectin

75 100 125 150 175 200
LDL cholesterol (mg/dl)

Figure 3. Effect of serum leptin levels on radiographic progression linked to LDL cholesterolemia. Adjusted cumulative probability plots
for radiographic progression according to LDL cholesterol levels in patients with RA were stratified again by leptin levels (A) and adiponectin levels
(B). In each panel, the upper cut-off value is represented by the red line (>16.888 ng/ml for leptin and > 1.682 ug/ml for adiponectin), and the lower
cut-off value is the blue line (<16.888 ng/ml for leptin and <1.682 nug/ml for adiponectin). The upper and lower 95% confidence limits are depicted
by the grey lines surrounding the average probability plot.

doi:10.1371/journal.pone.0068975.g003
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third tertile. The influence of LDL cholesterolemia on radio-
graphic progression was comparable to that of conventional
prognostic factors of RA, including ESR, CRP, the presence of
RF, and the presence of ACPA. Our results suggest that
cumulative dyslipidemia, especially LDL cholesterolemia, is a
novel serum marker to predict radiographic progression of RA as
well as cardiovascular complications.

Recently, we have demonstrated that there is a common genetic
predisposition for synchronicity of RA and dyslipidemia [9,10]. Of
note, genes modulating LDL cholesterol levels were found to
influence the inflammatory process, promoting radiographic
severity of RA [9,10]. In the present study, LDL cholesterolemia
remained significant as a prognostic factor even after adjusting for
inflammatory burden (e.g. time-integrated ESR/CRP levels),
indicating that dyslipidemia itself contributed to radiographic
progression in our patients. It is unclear how dyslipidemia is
independently linked to RA progression. One possible explanation
is that lipid itself might directly modulate chronic inflammation.
Previous studies have shown that hyperlipidemic patients have
more inflammation than non-dyslipidemic patients [39]. Addi-
tionally, obesity reduces the response rate to anti-TNF a therapy
in RA [40] but increases the risk of developing RA [4]. Moreover,
dyslipidemia can be present years before arthritis [5,6]. In
experimental models of arthritis, lipid residues are modified to
crystalline cholesterol, and such crystals may serve as a chronic
irritant in the joints [41]. Oxidized LDL is also found in inflamed
synovial fluid [7,42], initiating the vicious cycle of inflammation.
Collectively, our data, together with previous reports
[4,7,9,10,39,40,43], support the potential direct role of abnormal
lipid profiles in RA progression, independent of inflammation.

Adipokines have been studied in relation to the pathogenesis of
RA. They exert potent immune-modulatory actions on tissues and
cells, including cartilage, synovium, bone, and various immune
cells [17,24,28]. In RA, adipokine concentrations are increased
and correlated with disease activity and joint destruction
[18,19,29,31-34]. In particular, leptin levels correlate well with
synovial WBC counts [42], disease activity [29], and IL-17 [29]. In
mice with antigen-induced arthritis, impaired leptin signaling via
leptin or leptin-receptor deletion attenuates arthritis severity [44],
demonstrating that leptin plays a direct role in RA progression.
Furthermore, serum leptin concentrations closely correlate with
plasma LDL cholesterol and triglyceride levels [45]. Consistent
with previous reports [45], we found significant correlations
between LDL cholesterol levels and serum leptin concentrations.
Moreover, in conjunction with LDL cholesterolemia, high leptin
and adiponectin levels increased the risk of radiographic
progression synergistically and additively, respectively, suggesting
that adipokines interact with LDL cholesterolemia for RA
progression.

In summary, in a single-center prospective study, we found first
that cumulative LDL cholesterolemia and/or triglyceridemia were
associated with persistently high ESR and CRP levels. In parallel,
a more rapid radiographic progression over two years was
observed in patients with higher LDL cholesterol and/or
triglyceride levels. In multivariate analysis, time-integrated LDL
cholesterol was an independent risk factor for RA progression.
The influence of LDL cholesterolemia on radiographic progres-
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