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Abstract
Background: Lipid profiles appear to be altered in rheumatoid arthritis (RA) patients because of disease activity and
inflammation. Cholesterol efflux capacity (CEC), which is the ability of high-density lipoprotein cholesterol to accept
cholesterol from macrophages, has been linked not only to cardiovascular events in the general population but
also to being impaired in patients with RA. The aim of this study was to establish whether CEC is related to
subclinical carotid atherosclerosis in patients with RA.
Methods: We conducted a cross-sectional study that encompassed 401 individuals, including 178 patients with RA
and 223 sex-matched control subjects. CEC, using an in vitro assay, lipoprotein serum concentrations, and standard
lipid profile, was assessed in patients and control subjects. Carotid intima-media thickness (CIMT) and carotid
plaques were assessed in patients with RA. A multivariable analysis was performed to evaluate the relationship of
CEC with RA-related data, lipid profile, and subclinical carotid atherosclerosis.
Results: Mean (SD) CEC was not significantly different between patients with RA (18.9 ± 9.0%) and control subjects
(16.9 ± 10.4%) (p = 0.11). Patients with RA with low (β coefficient −5.2 [−10.0 to 0.3]%, p = 0.039) and moderate
disease activity (β coefficient −4.6 [−8.5 to 0.7]%, p = 0.020) were associated with lower levels of CEC than patients
in remission. Although no association with CIMT was found, higher CEC was independently associated with a lower
risk for the presence of carotid plaque in patients with RA (odds ratio 0.94 [95% CI 0.89–0.98], p = 0.015).
Conclusions: CEC is independently associated with carotid plaque in patients with RA.
Keywords: Rheumatoid arthritis, Cholesterol efflux capacity, Carotid intima-media thickness, Cardiovascular disease

Background
Patients with rheumatoid arthritis (RA) have higher rates
of morbidity and mortality than the general population,
which has been widely attributed to these patients’ increased risk of cardiovascular disease [1]. Besides a genetic
component and the influence of traditional cardiovascular
risk factors [2], chronic inflammation seems to play a
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pivotal role in the process of accelerated atherogenesis observed in RA [3]. Several studies support the notion that
RA leads to a more atherogenic lipid profile, which correlates with disease activity and improves after treatment
with antirheumatic medications [4]. Paradoxically, these
lipid changes generally account for a decrease in total
cholesterol and low-density lipoprotein (LDL) cholesterol
[5, 6]. The exact mechanism that leads to this paradoxical
lipid profile in patients with RA and the implications
regarding cardiovascular risk are still being studied.
High-density lipoprotein (HDL) cholesterol efflux capacity (CEC), which is the ability of HDL to accept
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cholesterol from macrophages, is a key step in reverse
cholesterol transport. It has been shown to be inversely
associated, independent of HDL cholesterol levels, with
both carotid intima-media thickness (CIMT) and the
likelihood of angiographic coronary artery disease [7], as
well as with a higher incidence of cardiovascular events,
in population-based cohorts [8]. It is known that CEC is
impaired in patients with RA and that this correlates
with systemic inflammation and HDL’s antioxidant capacity [9, 10]. However, the implications of this impaired
CEC in the development of subclinical atherosclerosis in
patients with RA have not yet been studied.
The aim of this study was to analyze whether CEC is
related to subclinical atherosclerosis as determined by
the presence of carotid plaque or increased levels of
CIMT in patients with RA. Secondarily, we aimed to describe the disease-contributing factors that are related to
CEC as an expression of the abnormalities in the lipid
profile associated with the disease. If CEC is related to
subclinical atherosclerosis in patients with RA, this
effect would shed light on the complex connections between inflammation, lipid abnormalities, and subclinical
atherosclerosis in RA.

Methods
Study participants

This was a cross-sectional study that included 401 individuals, 223 patients with RA, and 178 sex-matched
control subjects. All patients with RA were 18 years old
or older and fulfilled the 2010 American College of
Rheumatology/European League Against Rheumatism
diagnostic criteria for RA [11]. They had been diagnosed
by rheumatologists and were periodically followed at
rheumatology outpatient clinics. For the purpose of inclusion in the present study, RA disease duration was required to be ≥1 year. Although anti-tumor necrosis
factor-α (anti-TNF-α) treatment has been associated
with changes in lipid profiles [12], patients with RA
undergoing TNF-α antagonist or other biologic therapies
were not excluded from the present study. The control
group consisted of patients recruited from the Spanish
Camargo Cohort Study [13, 14]. This cohort was set up
between February 2006 and February 2011, and individuals included in this cohort have been followed ever
since. The original aim of using this cohort was to
evaluate the prevalence and incidence of metabolic bone
diseases and mineral metabolism disorders. Control subjects included in the present study were sex-matched
subjects without any known condition or drug treatment
history that could influence lipids and who were not taking any lipid-lowering medications other than statins.
None of the control subjects were receiving glucocorticoids. However, because prednisone is often used in the
management of RA, patients taking prednisone or an
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equivalent dose ≤10 mg/day were not excluded. As
previously mentioned, both patients and control subjects
receiving statin treatment were allowed to participate in
the study. Patients and control subjects were excluded if
they had a history of myocardial infarction, angina,
stroke, a glomerular filtration rate <60 ml/minute/
1.73 m2, a history of cancer or any other chronic disease,
or evidence of active infection. The study protocol was
approved by the institutional review committees at Hospital Universitario de Canarias and Hospital Universitario Marqués de Valdecilla (both in Spain), and all
subjects provided written informed consent.
Data collection

The subjects, both control subjects and patients, completed a cardiovascular risk factor and medication use
questionnaire and underwent a physical examination.
Weight, height, body mass index, waist-to-hip ratio, and
systolic and diastolic blood pressure (measured with the
participant in a supine position) were assessed under
standardized conditions. Information regarding smoking
status (current smoker versus nonsmoker), diabetes, and
hypertension was obtained from the questionnaire. Medical records were reviewed to ascertain specific diagnoses
and medications. Dyslipidemia was defined as present if
one of the following was measured: total cholesterol
>200 mg/dl, triglycerides >150 mg/dl, HDL cholesterol
<40 in men or <50 mg/dl in women, or LDL cholesterol
>130 mg/dl. Disease activity in patients with RA was
measured using the Disease Activity Score in 28 joints
(DAS28) [15], the Clinical Disease Activity Index (CDAI)
[16], and the Simplified Disease Activity Index [17].
Patients with RA were defined as being in clinical remission (DAS28 < 2.6) or having low (DAS28 in the range of
2.6–3.2), moderate (DAS28 > 3.2–5.1), or high (DAS28 >
5.1) disease activity as previously described [18].
Lipids and cholesterol efflux assessments

Fasting serum samples were collected and frozen at
−80 °C until analysis of circulating lipids. Cholesterol,
triglycerides, and HDL cholesterol were measured using
an enzymatic colorimetric assay (Roche Diagnostics, Indianapolis, IN, USA). Cholesterol levels ranged from
0.08 to 20.7 mmol/L (intra-assay coefficient of variation
0.3%); triglyceride levels ranged from 4 to 1.000 mg/dl
(intra-assay coefficient of variation 1.8%); and HDL cholesterol levels ranged from 3 to 120 mg/dl (intra-assay
variation coefficient 0.9%). LDL cholesterol was calculated using the Friedewald formula [19]. A standard
technique was used to measure the erythrocyte sedimentation rate (ESR) and high-sensitivity C-reactive protein
(CRP) level.
Macrophage-specific CEC was measured using borondipyrromethene (BODIPY) cholesterol as previously
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described [8]. Briefly, J774 macrophages were seeded
into a 96-well plate at 7 × 104 cells per well. The following day, the cells were incubated for 1 h with BODIPYtagged cholesterol (25 μM; Avanti Polar Lipids, Alabaster, AL, USA), 0.2% bovine serum albumin (BSA), and
2 μg/ml acetyl-coenzyme A acetyltransferase (ACAT)
inhibitor (Sandoz; Sigma-Aldrich, St. Louis, MO, USA)
in RPMI 1640 medium plus 1% FBS. Following a washing step with minimal essential medium (MEM)-HEPES,
cells were incubated overnight in serum-free RPMI 1640
medium containing 0.3 mM cyclic adenosine monophosphate (cAMP), 0.2% BSA, and 2 μg/ml ACAT inhibitor.
Apolipoprotein B-depleted study subject plasma was prepared using polyethylene glycol precipitation. After a washing step with MEM-HEPES, the BODIPY cholesterollabeled cells were incubated with 2.8% apolipoprotein Bdepleted plasma in MEM-HEPES buffer, 0.15 mM cAMP,
and 2 μg/ml ACAT inhibitor for 4 h at 37 °C. The resulting
quantity of BODIPY cholesterol in the media was measured
directly using a spectrofluorometric plate reader (Tecan
Trading AG, Männedorf, Switzerland) with an excitation
wavelength of 485 nm and emission detection at 530 nm.
The CEC was calculated as the amount of BODIPY cholesterol efflux expressed as a fraction of the initial cell content
of BODIPY cholesterol. Each assay was performed in triplicate, and when the percentage of variation of every sample
was >7%, the sample was reassessed.
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coefficient of 0.05, it was necessary to include 152 subjects in the study. Demographic and clinical characteristics shown in Table 1 were compared between patients
with RA and control subjects using χ2 tests for categorical variables or Student’s t test for continuous variables
(data expressed as mean ± SD). For noncontinuous variables, either the Mann-Whitney U test was performed
or a logarithmic transformation was performed, and data
are expressed as median and IQR. Univariate linear and
logistic regression analyses were performed to establish
the relationship of demographics, traditional cardiovascular risk factors, lipid profiles, RA-related data, and
CEC with both CIMT and the presence of carotid
plaque. The relation of CEC with carotid assessments
was determined through multivariate linear and logistic
regression analysis, adjusting for confounding factors.
For the purpose of this study, confounding variables
were those with a statistical p value <0.20 in the association analysis vis-à-vis both carotid assessment and
CEC. For all analyses, we used a 5% two-sided significance level, and all analyses were performed using IBM
SPSS Statistics version 21 software (IBM, Armonk, NY,
USA) and Stata version 13/SE software (StataCorp, College Station, TX, USA). A p value <0.05 was considered
statistically significant.

Results
Carotid ultrasound assessment

Demographic, laboratory, and disease-related data

A carotid ultrasound examination was used to assess
CIMT in the common carotid arterial wall and to detect
focal plaques in the extracranial carotid tree in patients
with RA. A commercially available scanner, the MyLab
70 (Esaote, Genoa, Italy), equipped with a 7- to 12-MHz
linear transducer and using an automated softwareguided radiofrequency technique called quality intimamedia thickness in real time was used for this purpose.
As previously reported [20], on the basis of the Mannheim consensus, plaque criteria in the accessible extracranial carotid tree (common carotid artery, bulb, and
internal carotid artery) were defined as follows: a focal
protrusion in the lumen measuring CIMT ≥1.5 mm, a
protrusion ≥50% greater than the surrounding CIMT, or
arterial lumen encroaching >0.5 mm [21].

A total of 401 sex-matched participants, 178 patients
with RA, and 223 control subjects were included in this
study. Demographic and disease-related characteristics
of the participants are shown in Table 1. There were no
differences between patients and control subjects with
regard to body mass index. However, abdominal circumference and the presence of hypertension, dyslipidemia,
or diabetes were more common in patients with RA.
Similarly, statin intake was more frequently observed in
patients with RA than in control subjects (34% versus
10%, p = 0.000). Patients with RA had moderately active
disease, as shown by the mean DAS28 (3.74 ± 1.19).
More than one-third (35%) were taking prednisone (median dose of the 62 patients on prednisone was 5 [IQR
3–6] mg/day at the time of the study). As expected, ESR
values were statistically significantly higher in patients
than in control subjects. One hundred nineteen (67%)
patients had positive test results for rheumatoid factor,
153 (86%) were taking disease-modifying antirheumatic
drugs, and 23 (13%) were receiving anti-TNF-α therapy.
The mean CEC of HDL was not significantly different
between patients with RA (18.9 ± 9.0%) and control subjects (16.9 ± 10.4%) (p = 0.11). This difference remained
nonsignificant after adjusting for HDL cholesterol levels,
age, sex, and statin use (data not shown).

Statistical analysis

In terms of study power, we found a correlation between
HDL cholesterol and CIMT (r = −0.161, p = 0.034). We
expected to find a similar relation between CEC and
CIMT. To achieve power of 80% to detect differences in
the contrast of the null hypothesis, based on assuming a
significance bilateral level of 0.05 and by means of
analysis of variance in the context of a multiple linear
regression model with an expected final determination
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Table 1 Characteristics of patients with rheumatoid arthritis and
control subjects
Control subjects Patients with RA p Value
(n = 223)
(n = 178)
Age, years

59 ± 9

55 ± 11

0.000

Female sex, n (%)

155 (70)

140 (79)

0.063

Body mass index, kg/m2

28 ± 5

28 ± 5

0.74

Abdominal circumference,
cm

93 ± 14

97 ± 13

0.006

Systolic blood pressure,
mmHg

133 ± 15

137 ± 19

0.018

Diastolic blood pressure,
mmHg

82 ± 10

83 ± 12

0.36

Cardiovascular comorbidity
Smoking, n (%)

45 (20)

29 (16)

0.29

Diabetes, n (%)

10 (4)

27 (15)

0.000

Hypertension, n (%)

64 (29)

62 (35)

0.22

Dyslipidemia, n (%)

41 (18)

71 (40)

0.000

Antihypertensive
treatment, n (%)

38 (17)

63 (35)

0.000

Statins, n (%)

22 (10)

60 (34)

0.000

Hormone replacement
therapy, n (%)

7 (3)

0 (0)

0.018

Laboratory examinations, including lipid profile
ESR, mm/h

10 ± 8

35 ± 22

0.000

CRP, mg/dl

1.0 (1.0–3.0)

3.3 (1.6–6.1)

0.34

Cholesterol, mg/dl

218 ± 39

206 ± 37

0.001

Triglycerides, mg/dl

105 ± 52

151 ± 92

0.000

HDL cholesterol, mg/dl

63 ± 17

56 ± 16

0.000

LDL cholesterol, mg/dl

134 ± 36

120 ± 33

0.000

Lipoprotein A, mg/dl

16 (9–35)

33 (10–121)

0.000

170 ± 28

0.000

Apolipoprotein A, mg/dl 191 ± 35
Apolipoprotein B, mg/dl

102 ± 24

109 ± 59

0.13

ApoB/ApoA ratio

0.55 ± 0.16

0.65 ± 0.29

0.000

Atherogenic index

3.72 ± 1.14

4.02 ± 1.51

0.036

Cholesterol efflux
capacity, %

16.9 ± 10.4

18.9 ± 9.0

0.11

Rheumatoid arthritis-related data
Disease duration, years

7 (4–15)

Age at onset, years

45 ± 13

DAS28

3.74 ± 1.19

Remission, n (%)

38 (21)

Low activity, n (%)

29 (16)

Moderate activity, n (%)

84 (47)

High activity, n (%)

27 (15)

DAS28-CRP

2.94 ± 0.99

SDAI

14 (8–21)

CDAI

82 (40–112)

Rheumatoid factor, n (%)

119 (67)

Table 1 Characteristics of patients with rheumatoid arthritis and
control subjects (Continued)
ACPA, n (%)

98 (55)

Prednisone intake, n (%)

62 (35)

Prednisone dose, mg/day

5 (3–6)

NSAIDs, n (%)

78 (44)

DMARDs, n (%)

153 (86)

Methotrexate, n (%)

135 (76)

Leflunomide, n (%)

19 (11)

Biologic therapy, n (%)

41 (23)

Anti-TNF-α therapy, n (%)

23 (13)

Tocilizumab, n (%)

11 (6)

Rituximab, n (%)

5 (3)

Abatacept, n (%)

2 (1)

Carotid assessments
CIMT, mm

0.671 ± 0.143

Carotid plaque, n (%)

66 (37)

Data represent mean (SD) or median (IQR) when data were not
normally distributed
Abbreviations: CRP C-reactive protein, LDL Low-density lipoprotein, NSAID Nonsteroidal anti-inflammatory drug; DMARD Disease-modifying antirheumatic
drug, ESR Erythrocyte sedimentation rate, DAS28 Disease Activity Score in 28
joints, HDL High-density lipoprotein, SDAI Simplified Disease Activity Index,
CDAI Clinical Disease Activity Index, TNF-α Tumor necrosis factor-α, ACPA
Anticitrullinated protein antibody, CIMT Carotid intima-media thickness. Significant 'p' values are higlighted in italics

Relationship of CEC with demographic, traditional
cardiovascular risk factors, and disease-related data in
patients and control subjects

Demographic variables were not associated with CEC,
except for a correlation with male sex that was found
only in patients with RA and not in control subjects.
Systolic blood pressure was inversely correlated with
CEC in control subjects (β coefficient −0.1 [−0.2 to
0.0]%, p = 0.025). In patients with RA, a similar trend
was found, although a statistically significant difference
was not reached. Neither the traditional cardiovascular
risk factors nor the cardiovascular comorbidity-related
data were associated with CEC. Similarly, the lipid profile did not show any relationship with CEC in patients
or control subjects (Table 2).
Disease activity, when considered continuous, was not
associated with lower levels of CEC (β coefficient −1.1
[−2.3 to 0.2]%, p = 0.086). Nevertheless, when patients
were stratified according to the degree of disease activity,
some differences were seen. With respect to this, the patient subgroup that exhibited low (β coefficient −5.2
[−10.0 to 0.3]%, p = 0.039) and moderate (β coefficient
−4.6 [−8.5 to 0.7]%, p = 0.020) disease activity was associated with statistically significant lower levels of CEC
than those in clinical remission. Although no association
was found when patients with RA with high disease activity were compared with those in remission (β
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Table 2 Univariate relationship of traditional cardiovascular risk factors and rheumatoid arthritis-related data with high-density
lipoprotein cholesterol efflux capacity in control subjects and patients with rheumatoid arthritis
Control subjects

Patients with RA

Percent efflux β coefficient (95% CI)

p Value

Percent efflux β coefficient (95% CI)

p Value

Age, years

−0.9 (−0.4 to 0.2)

0.50

−0.2 (−0.2 to 0.1)

0.78

Male sex

−0.9 (−4.6 to 2.8)

0.62

−6.1 (−9.4 to 2.8)

0.000

Body mass index

−0.2 (−0.6 to 0.1)

0.20

0.2 (−0.1 to 0.5)

0.21

Abdominal circumference

−0.1 (−0.2 to 0.0)

0.058

0.0 (−0.1 to 0.2)

0.42

Systolic blood pressure

−0.1 (−0.2 to 0.0)

0.025

0.1 (−0.0 to 0.2)

0.11

Diastolic blood pressure

−0.0 (-0.1 to 0.0)

0.29

0.01 (−0.0 to 0.2)

0.15

1.8 (−2.4 to 6.0)

0.40

−0.3 (−4.5 to 3.9)

0.89

Cardiovascular comorbidities
Smoking
Diabetes

1.2 (−5.9 to 8.3)

0.74

2.9 (−1.3 to 7.2)

0.17

Hypertension

−2.4 (−6.0 to 1.1)

0.17

0.1 (−3.0 to 3.2)

0.95

Dyslipidemia

−1.1 (−5.2 to 3.1)

0.61

−0.3 (−3.4 to 2.8)

0.85

Antihypertensive treatment

0.7 (−3.6 to 5.0)

0.75

0.4 (−2.7 to 3.5)

0.80

Statins

−2.1 (−7.4 to 3.2)

0.44

0.6 (−2.6 to 3.8)

0.70

Laboratory examinations, including lipid profile
ESR

−0.2 (−0.1 to 0.1)

0.23

−0.1 (−0.1 to 0.0)

0.12

CRP

−0.3 (−0.6 to 0.0)

0.092

−0.0 (−0.1 to 0.1)

0.83

Cholesterol

0.0 (−0.0 to 0.1)

0.11

0.00 (−0.0 to 0.00)

0.69

Triglycerides

−0.0 (−0.1 to 0.0)

0.19

0.0 (−0.0 to 0.0)

0.30

HDL cholesterol

0.1 (−0.0 to 0.2)

0.092

0.0 (−0.1 to 0.1)

0.48

LDL cholesterol

0.0 (−0.0 to 0.1)

0.32

−0.0 (−0.1 to 0.0)

0.62

Lipoprotein A

0.1 (−0.0 to 0.1)

0.059

−0.0 (−0.0 to 0.0)

0.35

Apolipoprotein A

0.0 (−0.0 to 0.1)

0.089

−0.0 (−0.1 to 0.0)

0.84

Apolipoprotein B

0.0 (−0.1 to 0.1)

0.77

0.00 (−0.0 to 0.0)

0.99

ApoB/ApoA ratio

−5.8 (−16.8 to 5.4)

0.31

0.8 (−4.1 to 5.7)

0.76

Atherogenic index

0.7 (−2.4 to 1.0)

0.41

0.0 (−1 to 1)

0.99

Disease duration

0.1 (−0.0 to 0.3)

0.12

DAS28

−1.1 (−2.3 to 0.2)

0.086

Rheumatoid arthritis-related data

Remission

–

Low disease activity

−5.2 (−10.0 to 0.3)

0.039

Moderate disease activity

−4.6 (−8.5 to 0.7)

0.020

High disease activity

−3.2 (−8.1 to 1.7)

0.19

Moderate and high disease activity

−4.2 (−7.9 to 0.6)

0.024

DAS28-CRP

−1.1 (−2.7 to 0.4)

0.14

SDAI

−0.0 (−0.1 to 0.1)

0.54

CDAI

−0.0 (−0.0 to 0.0)

0.31

Rheumatoid factor

−0.4 (−3.8 to 2.9)

0.81

ACPA

0.4 (−2.7 to 3.6)

0.78

Prednisone intake

−0.3 (−3.4 to 2.9)

0.88

Prednisone dose

−0.3 (−3.4 to 2.9)

0.88

NSAIDs

4.6 (1.5 to 7.6)

0.004

DMARDs

−0.2 (−4.6 to 4.2)

0.93
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Table 2 Univariate relationship of traditional cardiovascular risk factors and rheumatoid arthritis-related data with high-density
lipoprotein cholesterol efflux capacity in control subjects and patients with rheumatoid arthritis (Continued)
Methotrexate

0.5 (−2.9 to 4.0)

0.77

Leflunomide

−1.3 (−5.9 to 3.3)

0.58

Biologic therapy

3.57 (−0.0 to 7.2)

0.052

Anti-TNF-α therapy

0.7 (−4.0 to 5.5)

0.76

Tocilizumab

8.0 (2.3 to 13.7)

0.007

Rituximab

1.3 (−9.1 to 11.7)

0.81

Abatacept

−1.4 (−14.1 to 11.4)

0.83

DAS28 relation with cholesterol efflux capability was studied using remission category as the reference category
Abbreviations: CRP C-reactive protein, LDL Low-density lipoprotein, NSAID Nonsteroidal anti-inflammatory drug; DMARD Disease-modifying antirheumatic drug, ESR
Erythrocyte sedimentation rate, DAS28 Disease Activity Score in 28 joints, HDL High-density lipoprotein, SDAI Simplified Disease Activity Index, CDAI Clinical Disease
Activity Index, TNF-α Tumor necrosis factor-α, ACPA Anticitrullinated protein antibody, CIMT Carotid intima-media thickness, ApoA Apolipoprotein A, ApoB Apolipoprotein B. Significant 'p' values are higlighted in italics

coefficient −3.2 [−8.1 to 1.7]%, p = 0.19), this association
was maintained when moderate and high disease activity
groups were considered as a single group (β coefficient
−4.2 [−7.9 to 0.6]%, p = 0.024).
Neither rheumatoid factor- nor anticitrullinated protein antibody (ACPA)-positive status was associated with
CEC. Apart from those patients who underwent tocilizumab treatment (11 patients), in whom the use of this
anti-interleukin-6 biologic agent led to higher CEC levels
(β coefficient 8.0 [2.3–13.7]%, p = 0.007), as well as a correlation linking nonsteroidal anti-inflammatory drug
(NSAID) intake and a higher CEC index (β coefficient
4.6 [1.5–7.6]%, p = 0.004), no association between RA
therapy and CEC was found (Table 2).
Relationship of RA patient characteristics with CIMT and
carotid plaques

Age, male sex, waist circumference, and traditional
cardiovascular risk factors (hypertension, diabetes, and
dyslipidemia), except for smoking, positively correlated
with either the presence of carotid plaque or CIMT.
With respect to laboratory data, lipoprotein A (OR 1.00
[95% CI 1.00–1.01], p = 0.043) was associated with the
presence of carotid plaque. Whereas triglycerides (p =
0.034) and atherogenic index (p = 0.023) correlated with
higher levels of CIMT, HDL cholesterol showed a negative association with CIMT (β coefficient −0.01 [−0.03 to
0.00], p = 0.034). Levels of ESR were positively associated
with both carotid plaque and CIMT.
Regarding RA-related data, disease activity as assessed
by DAS28 (OR 1.36 [95% CI 1.05–1.77], p = 0.022) or
CDAI (OR 1.01 [95% CI 1.00–1.01], p = 0.055) was associated with a higher risk of carotid plaque involvement.
Rheumatoid factor was negatively and marginally related
to a lower level of CIMT, though no association of carotid
plaque or CIMT with ACPA status was found. NSAID intake was negatively associated with both carotid plaque
(OR 0.40 [95% CI 0.21–0.76], p = 0.005) and CIMT (β coefficient −0.6 [−1.0 to 0.2], p = 0.005) (Table 3). However,

no association between prednisone intake or prednisone
dose and carotid plaque or CIMT was found (Table 3).
CEC’s association with carotid subclinical atherosclerosis
in patients with RA

Higher CEC was associated with a protective effect
against the presence of carotid plaque in patients with
RA. This association (OR 0.94 [95% CI 0.89–0.98], p =
0.015) was maintained even after multivariate analysis
(adjusted for age, sex, systolic blood pressure, diabetes,
ESR, disease duration, DAS28, and tocilizumab use). In
contrast, CEC was not found to be associated with
CIMT in patients with RA (Table 4).

Discussion
In the present study, we show, for the first time to our
knowledge, that CEC is independently associated with
carotid plaque in patients with RA. Additionally, CEC
was shown to be inversely proportional to disease activity, with CEC being lower in patients with low or moderate activity than in patients in remission.
In our study, we did not observe a difference in CEC between patients and control subjects, a finding that is in
agreement with previous reports. In fact, using an assay
similar to that of our own study, Charles-Schoeman et al.
found no significant difference between 40 patients with
RA and 40 age- and sex-matched healthy control subjects
[9]. Ronda et al. [10] studied CEC through 4 different and
specifically CEC pathways in 30 patients with RA and 30
healthy control subjects. They did not discover any
significant differences in scavenger receptor class B
member 1 (SR-BI)-mediated efflux, ATP-binding cassette A1 (ABCA1)-mediated efflux, and aqueous diffusion (AD) CEC pathways. Only ATP-binding cassette
G1 (ABCG1)-mediated efflux was found to be impaired when patients with RA were compared with
healthy control subjects.
Regarding the relationship of disease activity with
CEC, our findings are also in agreement with other
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Table 3 Univariate relationship of characteristics of patients with rheumatoid arthritis with carotid intima-media thickness and
carotid plaques
Carotid plaque

CIMT (×10 mm)

Patients with RA (n = 178)

OR (95% CI)

p Value

β Coefficient (95% CI)

Age

1.15 (1.10–1.20)

0.000

0.08 (0.01–0.01)

0.000

Male sex

3.00 (1.44–6.26)

0.003

1.1 (0.6–1.6)

0.000

Body mass index

1.00 (0.95–1.06)

0.92

0.03 (0.02–0.07)

0.23

Abdominal circumference

1.01 (0.99–1.04)

0.31

0.02 (0.00–0.03)

0.021

Systolic blood pressure

1.04 (1.02–1.06)

0.000

0.04 (0.03–0.05)

0.000

Diastolic blood pressure

1.02 (0.997–1.05)

0.078

0.02 (0.01–0.04)

0.009

Smoking

1.04 (0.46–2.37)

0.92

−0.1 (0.7 to 0.4)

0.63

Diabetes

3.54 (1.51–8.30)

0.004

1.0 (0.04 to 1.6)

0.001

Hypertension

2.57 (1.36–4.87)

0.004

0.6 (0.2 to 1.1)

0.005

Dyslipidemia

3.61 (1.91–6.84)

0.000

0.4 (−0.01 to 0.8)

0.082

Antihypertensive treatment

2.73 (1.44–5.18)

0.002

0.7 (0.2 to 1.1)

0.002

Statins

3.93 (2.04–7.58)

0.000

0.5 (0.0 to 0.9)

0.036

ESR

1.02 (1.01–1.04)

0.003

0.01 (0.00 to 0.02)

0.041

CRP

0.45 (0.96–1.02)

0.45

0.00 (−0.01 to 0.01)

0.947

Cholesterol

1.00 (0.99–1.01)

0.83

0.00 (0.00 to 0.01)

0.16

Triglycerides

1.00 (0.99–1.01)

0.13

0.00 (0.00 to 0.00)

0.034

HDL cholesterol

0.99 (0.98–1.01)

0.51

−0.01 (−0.03 to 0.00)

0.034

LDL cholesterol

0.99 (0.99–1.01)

0.77

0.00 (0.00 to 0.01)

0.14

p Value

Cardiovascular comorbidity

Laboratory including lipid profile

Lipoprotein A

1.00 (1.00–1.01)

0.043

0.00 (0.00 to 0.00)

0.76

Apolipoprotein A

1.01 (0.99–1.02)

0.37

0.00 (−0.01 to 0.01)

0.80

Apolipoprotein B

0.99 (0.99–1.01)

0.73

0.00 (0.00 to 0.00)

0.48

ApoB/ApoA ratio

0.70 (0.21–2.33)

0.56

0.4 (0.4 to 1.1)

0.36

Atherogenic index

1.06 (0.87–1.29)

0.57

0.2 (0.0 to 0.3)

0.029

Disease duration

1.02 (0.99–1.06)

0.17

0.01 (−0.01 to 0.03)

0.41

DAS28

1.36 (1.05–1.77)

0.022

0.12 (−0.06 to 0.30)

0.18

DAS28-CRP

1.19 (0.88–1.63)

0.26

0.08 (−0.14 to 0.29)

0.47

SDAI

0.99 (0.98–1.02)

0.85

0.00 (−0.01 to 0.01)

0.76

CDAI

1.01 (1.00–1.01)

0.055

0.00 (0.00 to 0.01)

0.16

Rheumatoid factor

0.87 (0.45–1.71)

0.69

−0.5 (−1.0 to 0.0)

0.043

Rheumatoid arthritis-related data

ACPA

0.87 (0.46–1.63)

0.66

−0.3 (−0.8 to 0.1)

0.14

Prednisone intake

1.11 (0.59–2.10)

0.74

0.0 (−0.4 to 0.5)

0.90

Prednisone doses

0.99 (0.89–1.09)

0.81

−0.04 (−0.1 to 0.2)

0.20

NSAIDs

0.40 (0.21–0.76)

0.005

−0.6 (−1.0 to 0.2)

0.005

DMARDs

2.04 (0.77–5.41)

0.15

0.3 (−0.4 to 0.9)

0.43

Methotrexate

0.77 (0.38–1.54)

0.46

−0.3 (−0.8 to 0.2)

0.25

Leflunomide

2.04 (0.78–5.32)

0.14

0.9 (0.2 to 1.6)

0.010

Biologic therapy

0.51 (0.23–1.13)

0.098

−0.2 (−0.8 to 0.3)

0.35

Anti-TNF-α therapy

0.89 (0.36–2.23)

0.81

0.4 (−0.3 to 1.0)

0.23

Tocilizumab

0.16 (0.02–1.26)

0.081

−0.7 (−1.6 to 0.1)

0.085
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Table 3 Univariate relationship of characteristics of patients with rheumatoid arthritis with carotid intima-media thickness and
carotid plaques (Continued)
Rituximab

0.42 (0.05–3.80)

0.44

−1.1 (−2.4 to 0.1)

0.81

Abatacept

1.71 (0.11–27.8)

0.71

0.6 (−1.4 to 2.6)

0.55

Abbreviations: CRP C-reactive protein, LDL Low-density lipoprotein, NSAID Nonsteroidal anti-inflammatory drug; DMARD Disease-modifying antirheumatic drug, ESR
Erythrocyte sedimentation rate, DAS28 Disease Activity Score in 28 joints, HDL High-density lipoprotein, SDAI Simplified Disease Activity Index, CDAI Clinical Disease
Activity Index, TNF-α Tumor necrosis factor-α, ACPA Anticitrullinated protein antibody, CIMT Carotid intima-media thickness, ApoA Apolipoprotein A, ApoB Apolipoprotein B. Significant 'p' values are higlighted in italics

previous reports [9, 10]. In our study, DAS28, on a continuous basis, showed a trend toward being inversely related with CEC. Interestingly, patients with low and
moderate disease activity had statistically significant
lower CEC than those in remission. However, CEC was
not significantly different in patients with high disease
activity when compared with those in remission. A lack
of statistical power when comparing the high disease activity group with patients in remission may be the reason
for this result because low and moderate disease activity
levels were linked to lower levels of CEC. Additionally,
when patients with moderate and high disease activity
were included in a single group and compared with
those in remission, the statistically significant association
was maintained. For this reason, we believe that the association between disease activity and CEC found in our
study is robust enough to be considered real. In keeping
with our findings, Charles-Schoeman et al. [9] and
Ronda et al. [10] both described a relationship between
disease activity and CEC in their studies. In the former,
significant differences were noted between patients with
RA with low disease activity/clinical remission and patients with RA with high disease activity [9]. Significant
correlations were also found between CEC and RA disease activity and systemic inflammation as measured by
ESR [9]. In the latter study [10], a significant inverse correlation was found between ABCG1-mediated CEC
values and DAS28 in patients with RA.
No other RA-related data different from the disease
activity findings were found to be associated with CEC
in our study. Only tocilizumab and NSAIDs showed a
relationship with CEC. The fact that tocilizumab
treatment was associated with increased levels of CEC is
in agreement with two recent reports that described a
beneficial effect of tocilizumab on CEC over time [22, 23].
However, the association of tocilizumab found in our
study should be interpreted with caution, given the small

number of patients included in our series. In our study,
NSAIDs were also associated with a protective effect for
CIMT and carotid plaque, as well as with higher levels of
CEC. This is in agreement with previous reports supporting the notion that in patients with inflammatory arthritis,
the anti-inflammatory effect of NSAIDs may compensate
for the potentially increased risk of cardiovascular disease
associated with these drugs [24, 25]. To the best of our
knowledge, the beneficial effects of NSAIDs over CEC
have not previously been described. However, we did not
find an association of prednisone intake with carotid subclinical atherosclerosis. On one hand, we believe that this
is due to the fact that the risk of corticosteroids over cardiovascular disease is dose-dependent and may be lower
or absent in patients receiving low-dose glucocorticoid
therapy [26]. On the other hand, we do not have an explanation for the marginal protective effect of rheumatoid
factor over CIMT found in our series of white patients
with RA. It could be the result of a spurious correlation
that needs to be replicated in further studies. Nevertheless,
a recent study has shown an association between RArelated autoantibodies with subclinical and clinical atherosclerosis in African American women but not in white
women or men [27].
The absence of any association between traditional
cardiovascular risk factors or lipid profile with CEC in
both patients and control subjects is in agreement with
previous reports. In this sense, traditional risk factors reportedly explain only 3% of the variance observed in
CEC [8]. Moreover, glucose tolerance status does not appear to impact CEC [28], and CEC cannot be explained
by HDL cholesterol or apolipoprotein A-I levels [29].
Similarly, we did not find any association of statins with
CEC in patients and control subjects. This finding supports the claim that statins most likely exert therapeutic
benefit by means of a mechanism that is different from
the promotion of cholesterol efflux [7]. Smoking has also

Table 4 Cholesterol efflux capacity relationship with carotid intima-media thickness and carotid plaque
Carotid plaque

CIMT (×10 mm)

OR (95% CI)

p

β Coefficient (95% CI)

p

Unadjusted

0.95 (0.92–0.99)

0.023

0.01 (−0.02 to 0.03)

0.67

Adjusted

0.94 (0.89–0.98)

0.015

0.01 (−0.02 to 0.03)

0.54

Cholesterol efflux capacity

Adjusted for age, sex, systolic blood pressure, diabetes, ESR, disease duration, DAS28 and tocilizumab use
CIMT Carotid intima-media thickness
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been found to be a significant inverse predictor of CEC
in previous studies [7]. However, we did not find this association in our study. On one hand, we think it could
be due to our study design because we included only
current smokers. On the other hand, only 16% of the patients with RA included in our series were current
smokers at the time of the assessment. Nevertheless, we
feel that CEC impairment in RA may be predominantly
the result of an inflammation-related disturbance rather
the effect of traditional cardiovascular risk factors.
CEC was associated with carotid plaque in our study.
However, this was not the case for CIMT. We believe that
the relationship of CEC with CIMT is probably not linear;
thus, linear regression may have failed to detect this association. Nevertheless, carotid plaque is considered to be a
better predictor of cardiovascular disease than CIMT [30].
It is also known that whereas plaque reflects advanced
atherosclerosis and associates closely with dyslipidemia,
increased CIMT represents mostly high blood pressuremediated arterial medial hypertrophy and relates more
strongly to left ventricular hypertrophy and stroke [31].
For this reason, we think that the association with carotid
plaque and not with CIMT found in our study is consistent with previous knowledge regarding the etiopathogenesis of atherosclerotic disease.
We acknowledge several limitations in our study. First,
carotid assessments were not available for healthy control subjects. Although CEC has been widely associated
with CIMT and cardiovascular events in the general
population, the availability of carotid assessments in
control subjects would have allowed us to study a different effect or statistical interaction between these two
populations. Second, as previously mentioned, CEC
pathways are diverse, and some other molecules may be
implicated in CEC. Finally, although there are other
ways of assessing cholesterol efflux in vitro, most
research done in population-based cohorts has been
carried out using the same assay as the one described in
our study. This assay integrates the pathways known to
mediate cholesterol efflux from macrophages (i.e.,
ABCA1, ABCG1, SR-BI, and AD).
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our findings herald a new opportunity for research in
this area in which future investigations are warranted.
Abbreviations
ABCA1: ATP-binding cassette A1; ABCG1: ATP-binding cassette G1;
ACAT: Acetyl-coenzyme A acetyltransferase; ACPA: Anticitrullinated protein
antibody; AD: Aqueous diffusion; ApoA: Apolipoprotein A;
ApoB: Apolipoprotein B; BODIPY: Boron-dipyrromethene; BSA: Bovine serum
albumin; cAMP: Cyclic adenosine monophosphate; CDAI: Clinical Disease
Activity Index; CEC: Cholesterol efflux capacity; CRP: C-reactive protein;
CIMT: Carotid intima-media thickness; DAS28: Disease Activity Score in 28
joints; DMARD: Disease-modifying antirheumatic drug; ESR: Erythrocyte
sedimentation rate; HDL: High-density lipoprotein; LDL: Low-density
lipoprotein; MEM: Minimal essential medium; NSAID: Nonsteroidal antiinflammatory drug; RA: Rheumatoid arthritis; SDAI: Simplified Disease Activity
Index; SR-B1: Scavenger receptor class B member 1; TNF-α: Tumor necrosis
factor-α
Acknowledgements
Not applicable.
Funding
This work was supported by a grant to from the Spanish Ministry of Health,
Subdirección General de Evaluación y Fomento de la Investigación, Plan
Estatal de Investigación Científica y Técnica y de Innovación 2013–2016 (to
IFA), as well as by the Fondo Europeo de Desarrollo Regional (FEDER; Fondo
de Investigaciones Sanitarias [FIS] PI14/00394, PI15/00521).
Availability of data and materials
The datasets used and/or analyzed during the present study are available
from the corresponding author on reasonable request.
Authors’ contributions
IFA had full access to all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data analysis. IFA, MAGG,
and FDG conceived of and designed the study. BTS, MMD, JDM, AdVG,
JAGD, JMO, JLH, and IFA acquired data. BTS, MMD, JDM, AdVG, JAGD, JMO,
JLH, FDG, MAGG, and IFA analyzed and interpreted data. All authors were
involved in drafting the manuscript or revising it critically for important
intellectual content. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study protocol was approved by the institutional review committees at
Hospital Universitario de Canarias and Hospital Universitario Marqués de
Valdecilla (both in Spain), and all subjects provided written informed consent.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Conclusions
Our study, which includes the largest series of patients
with RA ever assessed for CEC, reveals for the first time,
to our knowledge, that CEC is related to subclinical atherosclerosis in patients with RA. The fact that CEC is
also associated with disease activity reinforces the idea
that CEC may be a mediator between disease activity
and subclinical atherosclerosis. We emphasize the potential role of checking CEC in patients with RA because
it may be a complementary approach to the assessment
of atherosclerotic disease in these patients. We feel that

Author details
1
Division of Rheumatology, Hospital Universitario de Canarias, 38320 Santa
Cruz de Tenerife, Spain. 2Department of Pharmacology, Facultad de
Medicina, Universidad de La Laguna, Tenerife, Spain. 3Central Laboratory
Division, Hospital Universitario de Canarias, Tenerife, Spain. 4Division of
Internal Medicine, Hospital Universitario Marqués de Valdecilla- Instituto de
Investigación Marqués de Valdecilla (IDIVAL), Universidad de Cantabria,
Santander, Spain. 5Department of Internal Medicine, Facultad de Medicina,
Universidad de La Laguna, La Laguna, Spain. 6Division of Rheumatology,
Hospital Universitario Marqués de Valdecilla, Universidad de Cantabria,
Santander, Spain. 7Epidemiology, Genetics and Atherosclerosis Research
Group on Systemic Inflammatory Diseases, Hospital Universitario Marqués de
Valdecilla, Instituto de Investigación Marqués de Valdecilla (IDIVAL),
Santander, Spain. 8Cardiovascular Pathophysiology and Genomics Research

Tejera-Segura et al. Arthritis Research & Therapy (2017) 19:113

Unit, School of Physiology, Faculty of Health Sciences, University of the
Witwatersrand, Johannesburg, South Africa.
Received: 22 December 2016 Accepted: 2 May 2017

References
1. Aviña-Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM, Lacaille D.
Risk of cardiovascular mortality in patients with rheumatoid arthritis: a metaanalysis of observational studies. Arthritis Rheum. 2008;59(12):1690–7.
2. López-Mejías R, Castañeda S, González-Juanatey C, Corrales A, Ferraz-Amaro
I, Genre F, et al. Cardiovascular risk assessment in patients with rheumatoid
arthritis: The relevance of clinical, genetic and serological markers.
Autoimmun Rev. 2016;15(11):1013–30.
3. Rho YH, Chung CP, Oeser A, Solus J, Asanuma Y, Sokka T, et al.
Inflammatory mediators and premature coronary atherosclerosis in
rheumatoid arthritis. Arthritis Rheum. 2009;61(11):1580–5.
4. Myasoedova E, Crowson CS, Kremers HM, Roger VL, Fitz-Gibbon PD,
Therneau TM, et al. Lipid paradox in rheumatoid arthritis: the impact of
serum lipid measures and systemic inflammation on the risk of
cardiovascular disease. Ann Rheum Dis. 2011;70(3):482–7.
5. Choy E, Sattar N. Interpreting lipid levels in the context of high-grade
inflammatory states with a focus on rheumatoid arthritis: a challenge to
conventional cardiovascular risk actions. Ann Rheum Dis. 2009;68(4):460–9.
6. González-Gay MA, González-Juanatey C. Inflammation and lipid profile in
rheumatoid arthritis: bridging an apparent paradox. Ann Rheum Dis. 2014;
73(7):1281–3.
7. Khera AV, Cuchel M, de la Llera-Moya M, Rodrigues A, Burke MF, Jafri K, et
al. Cholesterol efflux capacity, high-density lipoprotein function, and
atherosclerosis. N Engl J Med. 2011;364(2):127–35.
8. Rohatgi A, Khera A, Berry JD, Givens EG, Ayers CR, Wedin KE, et al. HDL
cholesterol efflux capacity and incident cardiovascular events. N Engl J Med.
2014;371(25):2383–93.
9. Charles-Schoeman C, Lee YY, Grijalva V, Amjadi S, FitzGerald J, Ranganath
VK, et al. Cholesterol efflux by high density lipoproteins is impaired in
patients with active rheumatoid arthritis. Ann Rheum Dis.
2012;71(7):1157–62.
10. Ronda N, Favari E, Borghi MO, Ingegnoli F, Gerosa M, Chighizola C, et al.
Impaired serum cholesterol efflux capacity in rheumatoid arthritis and
systemic lupus erythematosus. Ann Rheum Dis. 2014;73(3):609–15.
11. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT. Bingham 3rd CO, et al.
2010 rheumatoid arthritis classification criteria: an American College of
Rheumatology/European League Against Rheumatism collaborative
initiative. Ann Rheum Dis. 2010;69(9):1580–8.
12. Daien CI, Duny Y, Barnetche T, Daures JP, Combe B, Morel J. Effect of TNF
inhibitors on lipid profile in rheumatoid arthritis: a systematic review with
meta-analysis. Ann Rheum Dis. 2012;71(6):862–8.
13. Hernández JL, Olmos JM, Pariente E, Martínez J, Valero C, García-Velasco P,
et al. Metabolic syndrome and bone metabolism: the Camargo Cohort
study. Menopause. 2010;17(5):955–61.
14. Olmos JM, Hernández JL, Martínez J, Castillo J, Valero C, Pérez Pajares I, Nan
D, Gonzalez-Macias J. Bone turnover markers and bone mineral density in
hypertensive postmenopausal women on treatment. Maturitas. 2010;65(4):
396–402.
15. Prevoo ML, vant Hof MA, Kuper HH, van Leeuwen MA, van de Putte LB, van
Riel PL. Modified disease activity scores that include twenty-eight-joint
counts: development and validation in a prospective longitudinal study of
patients with rheumatoid arthritis. Arthritis Rheum. 1995;38(1):44–8.
16. Aletaha D, Smolen J. The Simplified Disease Activity Index (SDAI) and the
Clinical Disease Activity Index (CDAI): a review of their usefulness and
validity in rheumatoid arthritis. Clin Exp Rheumatol.
2005;23(5 Suppl 39):S100–8.
17. Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P, Eberl G, et al. A
simplified disease activity index for rheumatoid arthritis for use in clinical
practice. Rheumatology (Oxford). 2003;42(2):244–57.
18. Aletaha D, Ward MM, Machold KP, Nell VP, Stamm T, Smolen JS. Remission
and active disease in rheumatoid arthritis: defining criteria for disease
activity states. Arthritis Rheum. 2005;52(9):2625–36.
19. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem. 1972;18(6):499–502.

Page 10 of 10

20. Corrales A, González-Juanatey C, Peiró ME, Blanco R, Llorca J, González-Gay
MA. Carotid ultrasound is useful for the cardiovascular risk stratification of
patients with rheumatoid arthritis: results of a population-based study. Ann
Rheum Dis. 2014;73(4):722–7.
21. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et al.
Mannheim carotid intima-media thickness consensus (2004–2006): an update
on behalf of the Advisory Board of the 3rd and 4th Watching the Risk
Symposium, 13th and 15th European Stroke Conferences, Mannheim,
Germany, 2004, and Brussels, Belgium, 2006. Cerebrovasc Dis. 2007;23(1):75–80.
22. Liao KP, Playford MP, Frits M, Coblyn JS, Iannaccone C, Weinblatt ME, et al.
The association between reduction in inflammation and changes in
lipoprotein levels and HDL cholesterol efflux capacity in rheumatoid
arthritis. J Am Heart Assoc. 2015;4(2):e001588.
23. Ormseth MJ, Yancey PG, Solus JF, Louis Bridges Jr S, Curtis JR, Linton MF, et
al. Effect of drug therapy on net cholesterol efflux capacity of high-density
lipoprotein-enriched serum in rheumatoid arthritis. Arthritis Rheumatol.
2016;68(9):2099–105.
24. Lindhardsen J, Gislason GH, Jacobsen S, Ahlehoff O, Olsen AM, Madsen OR,
et al. Non-steroidal anti-inflammatory drugs and risk of cardiovascular
disease in patients with rheumatoid arthritis: a nationwide cohort study.
Ann Rheum Dis. 2014;73(8):1515–21.
25. Goodson NJ, Brookhart AM, Symmons DP, Silman AJ, Solomon DH. Nonsteroidal anti-inflammatory drug use does not appear to be associated with
increased cardiovascular mortality in patients with inflammatory
polyarthritis: results from a primary care based inception cohort of patients.
Ann Rheum Dis. 2009;68(3):367–72.
26. Wei L, MacDonald TM, Walker BR. Taking glucocorticoids by prescription is
associated with subsequent cardiovascular disease. Ann Intern Med. 2004;
141(10):764–70.
27. Majka DS, Vu TT, Pope RM, Teodorescu M, Karlson EW, Liu K, et al.
Association of rheumatoid factors with subclinical and clinical
atherosclerosis in African American women: the Multiethnic Study of
Atherosclerosis. Arthritis Care Res (Hoboken). 2017;69(2):166–74.
28. Annema W, Dikkers A, de Boer JF, van Greevenbroek MM, van der Kallen CJ,
Schalkwijk CG, et al. Impaired HDL cholesterol efflux in metabolic syndrome
is unrelated to glucose tolerance status: the CODAM study. Sci Rep. 2016;6:
27367.
29. Bhatt A, Rohatgi A. HDL cholesterol efflux capacity: cardiovascular risk factor
and potential therapeutic target. Curr Atheroscler Rep. 2016;18(1):2.
30. Naqvi TZ, Lee MS. Carotid intima-media thickness and plaque in cardiovascular
risk assessment. JACC Cardiovasc Imaging. 2014;7(10):1025–38.
31. Dessein PH, Semb AG. Could cardiovascular disease risk stratification and
management in rheumatoid arthritis be enhanced? Ann Rheum Dis. 2013;
72(11):1743–6.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

