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Background and aims: Rheumatoid arthritis (RA) is a chronic, inflammatory disease associated with
increased risk of cardiovascular disease (CVD). Measures of HDL metabolism/function were shown to be
altered in RA patients with high disease activity. We aimed at evaluating the effect of HDL characteristics
on arterial stiffness in RA patients classified according to the inflammatory disease activity.
Methods: RA patients were classified according to disease activity (DAS-28) into active RA (n ¼ 27; DAS-
28 > 3.2) and inactive RA patients (n ¼ 17; DAS-28 < 3.2). A control group of healthy individuals was also
studied (n ¼ 33). Clinical and biochemical characteristics, cholesteryl ester transfer protein (CETP) and
paraoxonase 1 (phenylacetate and paraoxonase) activities and carotid-femoral pulse wave velocity (cf-
PWV) were determined.
Results: Anthropometric characteristics were similar in all groups. In accordance with the inflammatory
status, active RA patients presented elevated hsCRP levels (p < 0.001). There were no differences in the
lipid profile between groups. Similarly, features of insulin resistance were absent in RA patients (p ¼ non-
significant). Active RA patients presented higher CETP activity than the other two groups (p ¼ 0.026).
Phenylacetate and paraoxonase activities were altered in active RA patients in comparison with the other
groups (p ¼ 0.034 and p ¼ 0.041, respectively). Cf-PWV was significantly higher in active RA patients in
comparison with controls, following adjustment by age (p ¼ 0.030). Age (bst ¼ 0.468, p ¼ 0.013) and apo
A-I levels (bst ¼ �0.405, p ¼ 0.029) were independent predictors of cf-PWV in a model including hsCRP,
HOMA-IR, and phenylacetate activity (r2 ¼ 0.42).
Conclusions: High DAS-28 identifies patients with alterations in HDL characteristics. Plasma levels of apo
A-I can be used as a marker of arterial stiffness in RA.

© 2016 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Rheumatoid arthritis (RA) is a chronic, systemic inflammatory
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disease associated with increased mortality and morbidity, pre-
dominantly as a result of cardiovascular disease (CVD) [1]. An
approximately 2-fold increase in mortality from myocardial
infarction and stroke has been observed in studies comparing RA
patients with the general population [1e3]. Such increased risk of
CVD cannot be completely explained by traditional risk factors [4],
and, therefore, cannot be fully predicted by the conventional CVD
risk markers.
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Dyslipidemia is not frequent in RA patients [5,6] and, if present,
the most common lipid alteration involves low levels of high-
density lipoprotein-cholesterol (HDL-C) concentration. Nonethe-
less, despite the presence or absence of low HDL-C, HDL function-
ality can be altered in RA patients. Recently, it was shown that HDL
cholesterol efflux capacity was associated with subclinical athero-
sclerosis [7] and incident cardiovascular events independently of
HDL-C levels [8]. Therefore, metrics of HDL functionality can be
more informative than lipoprotein levels. The main limitation is
that HDL functionality assays are laborious and hard to standardize.
Up to themoment, none of the available assays are suitable for their
use in the general practice. In its place, surrogate metrics of HDL
functionality, such as the concentration of apolipoprotein (apo) A-I
[9], the major functional and structural component of HDL, and the
activity of paraoxonase 1 (PON 1) can be relevant. Such analysis and
its impact on measurements of vascular compliance and inflam-
mation have been scarcely studied in RA.

PON 1 is an antioxidant enzyme exclusively associated with HDL
which plays a major function in preventing lipid oxidation [10].
PON 1 is important for the protection of endothelial cells from
damage derived from oxidized phospholipids [10]. RA patients
presented lower PON 1 activity than controls even in the absence of
changes in the lipid profile [11,12]. Such decrease was associated
with inflammation and was partially reversed by treatment with
biological agents [13].

Cholesteryl ester transfer protein (CETP) is a protein which
mediates the transfer of neutral lipids (cholesteryl esters and tri-
glycerides) between HDL and apo B-containing lipoproteins.
Therefore, CETP is one of the determinants of HDL chemical
composition and HDL plasma subfraction distribution, which, in
turn, influence HDL functionality [14]. Therefore, elevated CETP
activity can be a factor associated with HDL dysfunction in RA, as it
has been demonstrated in patients with metabolic syndrome and
type 2 diabetes [15,16].

Carotid to femoral pulse wave velocity (cf-PWV) is a measure of
vascular compliancewhich correlates with active inflammation and
has been associated with increased CVD risk in RA [17,18].
Accordingly, cf-PWV was increased in RA patients vs. controls
[17,18], and this alteration was modified by treatment with bio-
logical agents [19,20]. However, the relationship between metrics
of HDL functionality and cf-PWV has not been assessed yet. The aim
of the present study was to evaluate the effect of HDL character-
istics on arterial stiffness in RA patients classified according to the
disease inflammatory activity.

2. Materials and methods

2.1. Subjects

Forty four patients with clinical manifestations of RA were
recruited at Jos�e de San Martín Clinical Hospital, University of
Buenos Aires, and at Buenos Aires Italian Hospital (Buenos Aires,
Argentina) from April 2009 to January 2010. All patients met the
1987 revised RA criteria of the American College of Rheumatology
[21]. RA patients were classified according to the disease activity
score using 28 joint count and the erythrocyte sedimentation rate
(DAS-28) [22]. Moderate-high disease activity was defined as a
DAS-28 score >3.2 (Active RA, n ¼ 27) and low disease activity as a
DAS-28 score <3.2 (Inactive RA, n ¼ 17).

Among the group of active RA patients, 10 patients were on
methotrexate (MTX) monotherapy and 14 were on DMARDs
combination therapy. Six patients were receiving MTX þ
hydroxychloroquine (HCQ), 6 were on MTX þ tumor necrosis
factor (TNF) inhibitor therapy, one was taking MTX þ a pyrimidine
synthesis inhibitor and one was on MTX þ rituximab þ HCQ.
Finally, one patient was taking a pyrimidine synthesis inhibitor as
monotherapy, one TNF inhibitor therapy as monotherapy and one
patient was treatment naïve. Among the group of inactive RA pa-
tients, 9 of them were on MTX monotherapy and 6 were on
DMARD combination. Four patients were on MTX þ HCQ and 2
were taking a pyrimidine synthesis inhibitor þ HCQ. Of the rest of
the patients, one was on TNF inhibitor therapy as a monotherapy
and one was treatment-naïve. Importantly, there were no signifi-
cant differences in the treatment modalities between the groups
(Supplementary Table 1). In addition, there were no differences in
the consumption of nonsteroidal anti-inflammatory drugs
(NSAIDs) between active and inactive RA patients (15/27 vs. 6/17;
p¼ 0.124). Biological agents were administered to 8/27 and 1/17 of
active and inactive RA patients, respectively (p ¼ 0.121), mostly as
an add-on therapy to MTX. Corticoids were only taken by active RA
patients (8/27 vs. 0/17, p ¼ 0.015). Patients were not advised to
suspend medication prior to the study to accurately evaluate the
balance between atherogenic and antiatherogenic factors. No
medication changes were registered in a two-week period prior to
the blood extraction.

Exclusion criteria for the patient selection were: presence of
infectious diseases, diabetes or any previous cardiovascular event,
treatment with drugs capable of producing vasculitis or cardiac
dysfunction and use of antioxidants and/or lipid-lowering drugs
during the last month. Thirty three healthy, normolipidemic,
middle-aged subjects were recruited to form a control group.
Written informed consent was obtained from all participants and
the study was approved by the Ethics Committees from School of
Pharmacy and Biochemistry, University of Buenos Aires, and from
the Buenos Aires Italian Hospital in accordance with local insti-
tutional guidelines conformed to the Declaration of Helsinki.
2.2. Blood samples

Blood samples were withdrawn from the antecubital vein of
each participant at the time of recruitment after 12 h overnight fast.
Serum and EDTA plasma (final EDTA concentration: 1 mg/ml) were
prepared from venous blood collected into sterile, evacuated tubes
(BD, Vacutainer®). Plasma was immediately separated by low-
speed centrifugation at 4 �C; serum and plasma were aliquoted
and frozen at�80 �C under nitrogen; each aliquot was thawed only
once directly before analyses.
2.3. Clinical and biological parameters

Complete blood count was determined in a Coulter® GEN-S
autoanalyser (Beckman Coulter, Fullerton, CA, USA.). Erythrocyte
sedimentation rate (ESR) was determined using Test 1 analyser
(Alifax, Padova, Italy). Plasma levels of total cholesterol (TC), tri-
glycerides (TG), glucose, urea, uric acid, creatinine, albumin,
aspartate amine transferase (AST), alanine amine transferase (ALT)
and alkaline phosphatase (ALP), were measured by standardized
methods in a COBAS® C501 autoanalyser (Roche, Mannheim, Ger-
many). LDL-cholesterol (LDL-C) and HDL-cholesterol (HDL-C) were
determined by selective precipitation methods. Plasma apo A-I, apo
B and high-sensitivity C-reactive protein (hsCRP) were quantitated
by immunoturbidimetry (Roche, Mannheim, Germany). Serum
amyloid A (SAA) and rheumatoid factor (RF) were determined by
nephelometry (Siemens, Munich, Germany) and insulin levels by
radioimmunoassay (DPC, Los Angeles, California, USA). Antibodies
anti-cyclic citrullinated peptides (Anti-CCP) were measured by a
2nd generation immunoassay (INOVA Diagnostics, San Diego, CA,
USA).
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2.4. Activities of lipoprotein-associated proteins and enzymes

2.4.1. Cholesteryl ester transfer protein activity
Cholesteryl ester transfer protein (CETP) activity was deter-

mined in serum samples according to the general procedure pre-
viously described by Lagrost et al. [23]. Results were expressed as
nmol of 3H-cholesteryl esters transferred from HDL3 to apo B-
containing lipoproteins, per ml, per hour. All measurements were
carried out within the same assay. Within-run precision was 4.9%.

2.4.2. Paraoxonase and arylesterase activities
Activity of PON 1 was evaluated employing two different sub-

strates, paraoxon and phenylacetate (Sigma Chemical Co, St. Louis,
MO, USA.; PON and ARE activities, respectively). Both activities
were measured in serum samples following the method of Furlong
et al. [24]. Results were expressed as nmol.ml�1.min�1 and
mmol.ml�1.min�1 for PON and ARE activities, respectively. All
Measurements were carried out within the same assay. Within-run
precision for PON and ARE activities were 4.6% and 4.2%, respec-
tively. PON phenotypes were determined by the double substrate
method [25].

2.5. Pulse wave velocity

Carotid-femoral pulsewave velocity wasmeasured in a subset of
12 inactive RA and 10 active RA patients, as well as in 5 controls,
who were randomly selected from the whole study population to
reflect its major clinical and biochemical characteristics. An auto-
matic non-invasive device was used (Complior®; Colson AS, París,
France). Briefly, this methodmeasures the pulse wave at two points
of the vessel separated by a previously measured distance, auto-
matically determining the translation speed of the wave between
the two points. Both the validation and reproducibility of this
method were previously reported [26,27].

2.6. Statistical analysis

Power analysis was performed based on studies found in the
literature regarding mostly PON 1 activity, as well as other HDL
markers analyzed [12,28,29]. In the cited studies, an effect size of
0.8 standard deviationswas commonly observed. Then, having set a
power of 0.8, a significance level (a) of 0.05 in a two tail test and an
allocation relationship of 2: 1 (patients: controls), the minimum
number of subjects to be includedwas 40 for the RA patients and 20
for the control group.

Distributions of all variables were analyzed for normality using
the Shapiro-Wilks test. Normally distributed variables are
expressed as mean ± SD; non-Gaussian distributed variables are
expressed as median (interquartile range). Between-group differ-
ences in normally-distributed variables were analyzed using
ANCOVA test employing age as covariate and Tukey post-hoc test.
For non-Gaussian distributed variables, log-transformation and
ANCOVA test was used. Variables that did not follow normal dis-
tribution after mathematical transformations were compared using
the Kruskall-Wallis test. Differences between the groups of active
RA patients and healthy controls were evaluated by linear contrasts
in the ANCOVA test. Differences in dichotomous variables were
analyzed by Chi-square test applying Bonferroni correction for
multiple comparisons. Spearman’s correlation coefficients were
calculated to evaluate relationships between variables. Multiple
linear regression was performed to assess the variables associated
with cf-PWV. The predictors in the model were age, hsCRP, HOMA-
IR, Apo A-I and ARE activity. Two tailed p values <0.05 were
considered significant. The statistical software INFOSTAT® (Grupo
INFOSTAT, National University of C�ordoba, C�ordoba, Argentina) and
SPSS® 17.0 (Chicago, Ill, USA) were used for all data and statistical
analyses.

3. Results

3.1. Clinical, biochemical and metabolic characteristics

Mean DAS-28 score was significantly higher in active RA pa-
tients compared with inactive RA patients (4.2 ± 0.9 vs. 2.5 ± 0.4,
p < 0.001). Median disease duration was 9 years (interquartile
range: 6e12 years). There were no differences in disease duration
between active and inactive RA patients (9 (4e16) vs. 9 (6e16)
years, p¼ 0.860, respectively). Anti-CCP antibodies were positive in
86% of the patients in whom they were measured (n ¼ 21). RF was
positive in 79% of patients in whom data was available (n ¼ 20).
There were no differences in the number of positive patients for
autoantibodies between active and inactive RA groups (RF positive:
7/12 vs. 8/9, p ¼ 0.125, for active and inactive RA patients, respec-
tively. Anti-CCP positive: 11/12 vs. 7/8, p ¼ 0.761, for active and
inactive RA patients, respectively).

Clinical and biochemical characteristics of patients and controls
are shown in Table 1. Sex distribution, BMI, waist circumference and
number of smokers were similar in all the groups studied. RA pa-
tients were significantly older than the controls. In consequence, all
the differences among the groups were analyzed following
adjustment for age. In accordance with the inflammatory status,
active RA patients presented elevated ESR and hsCRP levels and
reduced albumin concentration relative to the other groups.
However, no differences were observed between the groups in
plasma SAA levels. Besides, ALTactivity was higher in active relative
to inactive RA patients (Table 1).

Metabolic characteristics of RA patients and healthy controls are
shown in Table 2. Plasma levels of markers of insulin resistance, as
well as the lipoprotein profile, were similar between the groups.
However, when employing ANCOVA with linear contrasts, signifi-
cantly lower HDL-C levels were found in active RA patients
following adjustment by age (p ¼ 0.047).

Active RA patients presented higher CETP activity than the other
two groups (Fig. 1). CETP activity was positively correlated with
waist circumference (r ¼ 0.38, p ¼ 0.003), triglycerides (r ¼ 0.34,
p ¼ 0.003), HOMA-IR (r ¼ 0.24, p ¼ 0.050) and hsCRP (r ¼ 0.29,
p ¼ 0.014), while negatively with apo A-I concentration (r ¼ �0.24,
p ¼ 0.050).

3.2. Markers of antioxidative capacity of HDL

PON 1 activity was evaluated by its arylesterase (ARE) and
paraoxonase (PON) activities. ARE activity was significantly
reduced in patients with active RA in comparison to controls
(Fig. 2). No significant differences between the groups were
observed in the distribution of PON 1 phenotypes (AA: 35, 30, 30;
AB: 59, 67, 60; BB: 6, 3, 10%, for active, inactive RA and control
subjects, respectively; p ¼ 0.571). Therefore, PON activity was
compared across the groups without phenotype adjustments. A
significant trend towards reduced PON activity was noticed in
active RA (Fig. 2).

3.3. Arterial stiffness

It is important to note that the randomly selected subgroup of
patients and controls that underwent cf-PWV assessment was not
different from the general study population (data not shown). Cf-
PWV was compared using ANCOVA with linear contrasts and
significantly higher levels were observed in RA patients in com-
parisonwith the controls following adjustment by age (Fig. 3). Such
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result indicates that a high disease activity might be needed to
significantly affect arterial stiffness. Cf-PWV correlated with age
(r¼ 0.68, p < 0.001), hsCRP (r¼ 0.50, p¼ 0.009), HOMA-IR (r¼ 0.41,
p ¼ 0.042) and apo A-I levels (r ¼ �0.42, p ¼ 0.028). To assess the
relationship between metrics of HDL antioxidative capacity with
arterial stiffness, a multiple linear regression analysis including age,
hsCRP, HOMA-IR, apo A-I and ARE activity as independent variables
was carried out (Table 3). Age and apo A-I were found to inde-
pendently predict 42% of the variance in cf-PWV.
4. Discussion

The present study explores the associations between cf-PWV, as
a marker of arterial stiffness, and metrics of HDL function in RA
patients. Cf-PWV was higher as RA patients presented higher dis-
ease activity score. In addition, a gradual reduction in HDL-C and
PON 1 activity, and an increase in CETP activity were also observed.
In contrast, no features of insulin resistance were evidenced in RA
patients. Therefore, inflammation and high disease activity are
accompanied by the presence of altered metrics of HDL function
and arterial stiffness in RA.

PWV increases in RA patients as a consequence of structural and
functional alterations caused by inflammation [20]. Therefore, cf-
PWV constitutes one of the preferred markers of vascular
dysfunction in RA patients [30]. Cf-PWV was significantly corre-
lated with age, hsCRP, HOMA-IR and apo A-I levels. Age, hsCRP and
DAS-28 have been previously identified as independent predictors
of arterial stiffness in RA patients [17,31]. However, in the present
study, a crucial role was also pointed out for plasma levels of apo A-
I. Such association may reflect the protective role of HDL for
vascular health. Indeed, plasma HDL-C concentrations were not
correlated with cf-PWV (data not shown), highlighting the reading
of apo A-I concentrations as a marker of HDL functionality.

The relatively low mean difference in cf-PWV (MD ¼ 0.9 m/s)
between active RA patients and the group of controls might be a
consequence of the advanced stage of RA (median disease duration:
9 years, IQR: 4e16 years). Ambrosino et al. [17] in their meta-
analysis identified a similar mean difference (MD ¼ 1.32 m/s) for
late RA patients vs. controls. The slightly lower mean difference in
cf-PWV observed in the present study might be related to the
Table 1
Clinical and biochemical characteristics of RA patients, grouped according to disease act

Active RA patients (n ¼ 27) Inactive R

Males/females (n) 2/25 3/14
Age (years) 56 ± 9a 56 ± 12a

BMI (kg/m2) 27.7 (24.7e30.6) 24.8 (19.4
Waist (cm) 97 (83e106) 81 (74e10
ESR (mm) 27 (23e37)a 17 (13e22
Tobacco use (n) 10 7
Hypertension (n) 4 2
hsCRP (mg/l) 5.4 (3.2e10.2)a 1.3 (0.5e4
SAA (mg/l) 7.6 (4.9e13.6) 6.9 (3.0e1
Hb (g/l) 1.28 ± 0.09 1.34 ± 0.1
WBC (103 cells/ml) 7.1 (5.7e8.1) 6.8 (4.8e7
Urea (mmol/l) 4.7 (4.2e5.5) 5.3 (4.0e6
Creatinine (mmol/l) 61.9 (51.3e68.1) 58.3 (53.9
Uric acid (mmol/l) 243 (208e285) 220 (155e
Albumin (g/l) 0.38 ± 0.04a 0.41 ± 0.0
Bilirubin (mmol/l) 10.3 (8.6e12.0) 12.0 (10.3
AST (IU/l) 25(21e28) 23(20e24
ALT (IU/l) 21(16e27)a 16(10e20
ALP (IU/l) 72(64e94) 68(55e85

RA, reumathoid arthritis; BMI, body mass index; Ht, hematocrit; Hb, hemoglobin; WBC
reactive protein; SAA, serum amyloid A; AST, aspartate-amine transferase; ALT, alanine-
Data are shown as mean ± SD or median (interquartile range) according to data distribut
depict groups with significant differences according to Tukey’s post-hoc test.
relatively low number of patients who underwent cf-PWV mea-
surement. However, in accordance to the sign and significance of
the correlations observed, the differences would probably be more
pronounced if more active RA patients (characterized by high levels
of inflammatory markers) or controls were studied. The present
results are in contrast with those published recently by Arida et al.
[32]. In their study, cf-PWV was not significantly elevated in RA
patients with no signs of traditional cardiovascular risk factors vs.
controls. The difference between these studies, both conducted in
RA patients who were intensively treated with DMARDs and did
not present evident signs of dyslipidemia, may bemainly attributed
to two facts: 1) the series of patients from the study of Arida et al.
[32] showed a higher use of biological agents (41%) which were
shown to significantly reduce arterial stiffness as compared to our
study (20%) and 2) the groups of active RA and inactive RA patients
were not compared by separate to the controls. This last issue re-
sults of crucial importance as DAS-28 and other inflammatory
markers were shown to be intimately associated with arterial
stiffness [17,18].

Apo A-I is the main protein component of HDL and it is involved
in various antiatherogenic actions such as cell cholesterol efflux
and antioxidative functions [33e35]. In addition, apo A-I has been
shown to protect endothelial cells from inflammation and to
facilitate vascular relaxation through its effects on nitric oxide (NO)
signaling [36,37]. In this context, the finding of a significant asso-
ciation between apo A-I levels and cf-PWV can be a consequence of
increased vascular damage in RA patients with decreased apo A-I
concentration. In fact, a recent study showed that anti-
inflammatory treatment was associated with an increase in HDL
cholesterol efflux capacity and apo A-I levels in RA patients [38].

There is a growing body of evidence that both acute and chronic
inflammatory conditions induce compositional and functional
modifications of apo A-I and HDL [39,40]. In our study, PON 1 ac-
tivity (measured either as arylesterase or paraoxonase activity) was
used as a surrogate marker of HDL antioxidative capacity similarly
to other reports [41,42]. Although PON 1 role in HDL antioxidative
activity has been questioned [43], its correlation with HDL func-
tional characteristics is well supported [44]. Therefore, the lower
PON 1 activity observed in the active RA patients may indicate the
presence of functionally deficient HDL particles. Another common
ivity score, and of healthy controls.

A patients (n ¼ 17) Healthy controls (n ¼ 33) p

7/26 0.330
49 ± 11b 0.030

e26.8) 24.3 (22.8e27.3) 0.080
0) 85 (77e93) 0.320
)b 15 (10e22)b <0.001

12 0.946
e 0.832

.1)b 1.2 (0.8e1.6)b <0.001
0.5) 6.0 (3.5e10.6) 0.538
3 1.33 ± 0.14 0.215
.6) 6.4 (5.5e7.0) 0.673
.3) 5.3 (4.0e5.8) 0.415
e75.1) 63.6 (53.9e70.7) 0.218
256) 220 (196e327) 0.325
3b 0.42 ± 0.04b 0.003
e13.7) 8.6 (6.8e12.0) 0.641
) 20(19e25) 0.087
)b 15(13e21)ab 0.049
) 57(50e81) 0.060

, white blood cells; ESR, erythrocyte sedimentation rate; hsCRP, high sensitivity C
amine transferase; ALP, alkaline phosphatase.
ion. Differences were evaluated by ANCOVA using age as covariate. Different letters



Table 2
Metrics of glucose and lipoprotein metabolism in RA patients, grouped according to disease activity score, and in healthy controls.

Active RA patients (n ¼ 27) Inactive RA patients (n ¼ 17) Healthy controls (n ¼ 33) p

Glucose (mmol/l) 5.2 ± 0.6 5.1 ± 0.7 4.9 ± 0.5 0.512
Insulin (mU/l) 7.8 (5.1e10.3) 7.3 (4.8e9.1) 6.9 (4.5e10.3) 0.253
HOMA-IR 1.8 (1.3e2.2) 1.8 (1.1e2.2) 1.6 (0.9e2.4) 0.875
TG (mmol/l) 1.08 (0.73e1.46) 0.89 (0.70e1.07) 0.83 (0.63e1.11) 0.228
TC (mmol/l) 5.1 ± 0.9 5.2 ± 0.9 5.4 ± 0.8 0.231
HDL-C (mmol/l) 1.37 (1.16e1.68) 1.45 (1.24e1.76) 1.65 (1.27e1.94) 0.130
LDL-C (mmol/l) 3.4 ± 0.6 3.5 ± 1.0 3.7 ± 0.9 0.531
Apo A-I (g/l) 1.42 ± 0.25 1.40 ± 0.17 1.49 ± 0.22 0.126
Apo B (g/l) 0.87 ± 0.18 0.87 ± 0.22 0.93 ± 0.24 0.579
Apo B/Apo A-I 0.59(0.53e0.7) 0.66(0.5e0.73) 0.57(0.49e0.7) 0.818

RA, reumathoid arthritis; HOMA-IR, homeostasis model assessment; TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Apo,
apolipoprotein.
Data are shown as mean ± SD or median (interquartile range) according to data distribution.
Differences were evaluated by ANCOVA using age as covariate.

Fig. 1. Cholesteryl ester transfer protein (CETP) activity in RA patients, grouped
according to disease activity score, and in healthy controls. *p ¼ 0.026 vs. inactive
RA patients and controls. Tested by ANCOVA using age as covariate.

Fig. 2. Arylesterase (ARE) and paraoxonase (PON) activities of the enzyme para-
oxonase 1 in RA patients, grouped according to disease activity score, and in
healthy controls. (A) ARE activity of the enzyme paraoxonase 1, *p ¼ 0.034, tested by
ANCOVA using age as covariate. Different letters depict significant differences between
the groups according to Tukey’s post-hoc test. (B) PON activity of the enzyme para-
oxonase 1, **p ¼ 0.041, tested by ANCOVA with linear contrasts using age as covariate.
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feature of RA involves elevated levels of the acute phase pro-
inflammatory protein SAA [45,46]. However, in the present study,
we were unable to detect differences in SAA levels between RA
patients and controls, potentially reflecting the intense anti-
inflammatory treatment been administered to the patients. More-
over, neither enzymatic activities of PON 1 nor concentrations of
SAAwere correlated with cf-PWV. Such observation further adds to
the reports in which PON and ARE activities did not significantly
improve cardiovascular risk prediction models [47].

CETP activity showed a negative correlationwith plasma apo A-I
levels in this series of RA patients. It has been shown that under
conditions of elevated CETP activity composition alterations of the
lipid core of HDL particles may lead to apo A-I dissociation from
HDL [48]. Such mechanism is a well-documented phenomenon in
individuals with atherogenic dyslipidemia and insulin resistance
[15,16,49]. In addition, CETP activity was associated with waist
circumference and triglyceride levels. Therefore, in active RA pa-
tients, besides inflammation, fat mass distribution can be contrib-
uting to elevated CETP activity. In contrast with our results, Ferraz-
Amaro et al. [50] have previously reported low CETP activity in RA
patients under treatment with glucocorticoids. In parallel, the au-
thors have also documented elevated HDL-C levels, an observation
that differs from our results and from data earlier reported by
others [5]. In the group of active RA patients studied only 30% were
under glucocorticoid treatment and CETP differences remained



Fig. 3. Carotid to femoral pulse wave velocity (cf-PWV) in RA patients, grouped
according to disease activity score, and in healthy controls. *p ¼ 0.030, tested by
ANCOVA with linear contrasts using age as covariate.

Table 3
Multiple linear regression using carotid-femoral pulse wave velocity as dependent
variable.

Variable Bst T p R2

Age 0.468 2.730 0.013 0.42
hsCRP 0.143 0.816 0.425
HOMA-IR 0.097 0.556 0.585
Apo A-I �0.405 �2.366 0.029
ARE �0.067 �0.390 0.701

Bst, standardized beta coefficient; hsCRP, high-sensitivity C reactive protein;
HOMA-IR, homeostasis model assessment; apo, apolipoprotein; ARE, arylesterase
activity of PON 1.
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significant even after adjustment by glucocorticoid use (data not
shown). Therefore, the discrepancy between these studies can be
attributed to the fact that glucocorticoid therapy, in fact, increases
HDL-C levels in RA patients, probably by means of a reduction in
CETP activity [51,52].

The present study reinforces the hypothesis that inflammation,
acting through its effects at HDL, may further compromise the
vascular health of patients with RA. Indeed, patients with inactive
RA did not present any alteration of the HDL metrics assessed.
Therefore, in normolipidemic RA patients who do not present in-
sulin resistance, efficient control of inflammatory status should
result in the maintenance of antiatherogenic functions of HDL.

The relatively low number of patients in the present study may
have limited our capacity to detect subtle differences between the
studied groups. In addition, carotid thickness was not evaluated in
the present study and the relationship between HDL characteristics
and the presence of atheromatous plaques was not assessed. By
contrast, the differentiation between patients with high and low
disease activity and the variety of HDL-related parameters evalu-
ated are the major strengths of the study. Importantly, the group of
patients evaluated showed no evident alterations in the lipoprotein
profile as it is commonly observed in RA patients under anti-
inflammatory treatment in the general practice. Therefore, the
results of the present study suggest that the assessment of plasma
apo A-I levels may be relevant in the clinical context and may
contribute to improve RA care.

In conclusion, patients with a high DAS-28 score showed alter-
ations in markers of HDL functionality as a consequence of chronic
inflammation. Our data suggest that plasma levels of apo A-I can be
used as a marker of arterial stiffness in RA patients. Longitudinal
studies are required to confirm this important finding.
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