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Abstract
Background

Circulating interleukin (IL)-6 concentrations are associated with endothelial activation in rheumatoid arthritis (RA).

Objective
To assess endothelial activation before and after suppression of cytokine production in RA.

Methods 
Twenty-one patients (mean (SD) age 59 (9) years; disease duration 6 (4) years) were treated with intraarticular

methylprednisolone acetate (417 (152) mg) together with disease modifying agent (DMARD) initiation (n = 10) or
intensification (n = 11) employing methotrexate (n = 11), leflunomide (n = 8), minocyclin (n = 6) and sulphasalazine
(n = 1). Disease activity, circulating cytokines (IL-1, tumor necrosis factor alpha (TNF-α) and IL-6) and biomarkers

of endothelial activation (circulating vascular adhesion molecule-1 (VCAM-1), intercellular adhesion molecule-1
(ICAM-1) and endothelial leukocyte adhesion molecule-1 (ELAM-1)) were evaluated 

before and 2 weeks after treatment.

Results 
The intervention resulted in reductions in 8 disease activity markers (p ≤ 0.002). Serum IL-6 concentrations

decreased from 17 (2.9) to 4.9 (4.6) pg/ml (p = 0.0008). Serum IL-1 and TNF-α levels did not change (p ≥ 0.4).
Serum VCAM-1 concentrations decreased from 912 (402) to 752 (252) (p = 0.003), ICAM-1 from 398 (205) to 323

(179) (p = 0.04) and ELAM-1 from 68 (28) to 53 (25) (p = 0.02) pg/ml, respectively. Baseline rheumatoid factor
titers were associated with reductions in VCAM-1 (rs = 0.481, p = 0.03). In multivariable regression models,

decreases in circulating interleukin-6 concentrations were associated with reductions in VCAM-1 (p < 0.0001),
ICAM-1 (p = 0.005) and ELAM-1 (p = 0.02) independent of changes in disease activity, weight and blood pressure.

Conclusion 
Our results suggest that suppression of circulating IL-6 concentrations attenuates atherogenesis in active RA.
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Introduction
During the past six years, rheumatoid
arthritis (RA) was found to be a risk
factor for myocardial infarction in
seven controlled studies (1-7). Apart
from age and hypertension, other tradi-
tional risk factors do not seem to play a
major role in cardiovascular (CV) dis-
ease in RA (2, 8). By contrast, the in-
flammatory cascade and its effects on
traditional and novel CV risk factors
are strongly implicated in RA atheroge-
nesis (9,10). In addition, methotrexate
use was reported to protect against CV
death (11) and continuous oral gluco-
corticoid exposure was found to in-
crease the risk for myocardial infarc-
tion (12) in RA. 
Endothelial dysfunction is an essential
initial step in atherogenesis (13). A
variety of procedures has been recom-
mended for the evaluation of endothe-
lial function (14, 15). Investigators re-
ported the presence of endothelial dys-
function as assessed by brachial artery
flow-mediated dilatation (FMD) in RA
(16-20). This was associated with
HLA-DRB1*04 alleles in particular
HLA-DRB1*0404 (16), circulating C-
reactive protein (17), LDL cholesterol
(17) and CD4+CD28null T lymphocyte
concentrations (18). While FMD dep-
ends on acute nitric oxide release (21,
22), circulating adhesion molecules
(vascular cell adhesion molecule-1
(VCAM-1), intercellular adhesion mol-
ecule-1 (ICAM-1) and endothelial leu-
kocyte adhesion molecule (ELAM-1))
are biomarkers that reflect a different
aspect of endothelial dysfunction, nam-
ely endothelial inflammation and acti-
vation (21, 23, 24). Of importance in
the present context, circulating adhe-
sion molecules do not originate in the
synovium in RA (25). We have recently
reported marked endothelial activation
that is independently associated with
circulating interleukin (IL)-6 concen-
trations in RA (24). 
In the present study, we measured bio-
markers of endothelial activation (21,
23, 24, 26-29) before and 2 weeks after
treatment with intraarticular methyl-
prednisolone acetate in combination
with disease modifying agents
(DMARD) in 21 patients with active
RA. Intraarticularly administered

methylprednisolone has potent and
rapid disease activity and cytokine sup-
pressant effects in RA (30, 31). In view
of our previous findings (24), we
hypothesized that suppression of cyto-
kine production is associated with
decreased endothelial activation in act-
ive RA. 

Materials and methods
Patients
Twenty-one Caucasian patients who
met the American Rheumatism Associ-
ation criteria for RA (32) were
enrolled. Their mean (SD) age and dis-
ease duration were 59 (9) and 6 (4)
years, respectively; twenty (95%) were
women. Exclusion criteria were the use
of lipid lowering or antidiabetic med-
ications and glucocorticoids over the
previous 3 months. Eleven (52%) pat-
ients were taking stable doses of dis-
ease modifying agents for at least 3
months. These agents comprised meth-
otrexate in 8, chloroquine in 2, minocy-
clin in 2, leflunomide in 1, azathioprine
in 1 and sulphasalazine in 1 patient,
respectively. Two patients had diabetes
(fasting plasma glucose ≥ 7 mmol/l)
(33) that was controlled on dietary
intervention only. Twelve (75%) pat-
ients were hypertensive (blood pres-
sure >140/90 mmHg or on antihyper-
tensives). The study was approved by
the local ethic committee for research
on human subjects.

Baseline variable recording
Baseline characteristics were recorded
using previously reported methods (8,
24) and are shown in Table I. Blood
pressure measurements were made in
accordance with reported guidelines on
the evaluation and treatment of hyper-
tension (34, 35). Fasting blood samples
were taken between 0800 and 1000
hours am. Specimens were analyzed
within 2 hours of blood sampling for
the variables as recorded in Table I.

Enzyme-linked immunosorbent assays
IL-1, tumor necrosis factor-alpha
(TNF-α), IL-6, VCAM-1, ICAM-1 and
ELAM-1 were measured by enzyme-
linked immunosorbent assays (Hiss
Diagnostics, GmbH, Freiburg, Switzer-
land) on plasma specimens that had
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been stored at -70° Celsius and using
single assay runs. The intra-assay coef-
ficients of variation were 5.1%, 6.9%,
3.4%, 3.1%, 4.1% and 5.4% for IL-1,
TNF-α, IL-6, VCAM-1, ICAM-1 and
ELAM-1, respectively.

Intervention 
After the initial assessment, intraarticu-
lar methylprednisolone acetate (Depo-
MedrolTM, Pharmacia (Pty) Ltd.,
Midrand 1685, South Africa) was
administered together with the long
acting local anaesthetic agent bupiva-
caine (MacaineR, Adcock Ingram Ltd.,
Bryanston Extension 77, 2021, Johan-
nesburg, South Africa) to all or most
swollen joints using a mean (SD)
methylprednisolone acetate total dose
of 417 (152) mg. The number of joints
injected per patient was 2 in 1, 3 in 2, 4
in 4, 5 in 1, 6 in 3, 7 in 2, 8 in 5, 9 in 1
and 10 in 2 patients, respectively. Five
mg (1 ml) bupivacaine was added to
each 40 mg (1ml) methylprednisolone
acetate. Patients were advised to avoid
activities for 24 hours following injec-
tions. The use of multiple intraarticular
corticosteroid injections in active RA
was reported previously (30, 36-40).
On the same day, disease modifying
agent therapy was initiated in 10 and
intensified in 11 patients, respectively,
employing methotrexate (n = 11),
leflunomide (n = 8), minocyclin (n = 6)
and sulphasalazine (n = 1). Concomi-
tant medications were left unaltered
and no dietary intervention was initiat-
ed during the study.  

Follow-up evaluation
Two weeks subsequent to intraarticular
methylprednisolone administration, di-
sease activity parameters, body weight,
blood pressure, plasma glucose and
serum insulin concentrations and circu-
lating cytokine and adhesion molecule
levels were re-evaluated.

Statistical analysis
Continuous variables are presented as
mean (SD) and categorical variables as
number (%). For variables with skewed
distributions geometric means are giv-
en. The Wilcoxon Signed Rank test
was used to assess changes in recorded
variables before and after treatment.

Associations between changes in bio-
markers and other baseline recorded
variables were assessed by the Spear-
man correlation coefficient. Associa-
tions between changes in biomarkers
and changes in other recorded variables
were assessed in univariate and multi-
variable regression models. Variables
with a skewed distribution were loga-
rithmically transformed prior to enter-
ing them in regression models. P values
of < 0.05 were considered significant.

Results
Baseline demographic, clinical and lab-
oratory characteristics are summarized
in Table I.

Effects of pulsed methylprednisolone
and DMARD on disease activity, 
body weight, blood pressure, glucose
metabolism, circulating cytokines and
biomarkers of endothelial activation
Two weeks subsequent to enrollment,
there was a marked reduction in each
disease activity parameter (Table I).
Also, mean body weight decreased by
3 kg and there were small reductions in
systolic and diastolic blood pressure.
Glucose and insulin levels did not
change significantly. The 2 diabetic
patients experienced a transient in-
crease in plasma glucose levels that
resolved within 2 days subsequent to
methylprednisolone administration and
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Table I. Baseline characteristics and results in 21 rheumatoid arthritis patients.

Baseline After treatment P

Age (years) 59 (9)

Women (n (%)) 20 (95)

Disease duration (years) 6 (4)

DMARD users (n (%)) 11 (52)

NSAID users (n (%)) 14 (67)

Smoking (n (%)) 8 (38)

Exercising (n (%)) 4 (19)

Diabetes (n (%)) 2 (10)

Rheumatoid factor positive (n (%)) 16 (76)

Rheumatoid factor titer (IU/ml) 72 (9)

Radiographic score 12 (5)

LDL cholesterol (mmol/l) 2.9 (0.7)

HDL cholesterol (mmol/l) 1.4 (0.4)

Triglycerides (mmol/l) 1.4 (1.4)

Uric acid (mmol/l) 0.30 (0.10)

BMI (kg/m2) 26.0 (5.9)

Weight (kg) 67.6 (1.2) 64.6 (1.2) 0.0007   

Glucose (mmol/l) 4.6 (1.2) 4.4 (1.2) 0.3

Insulin (uU/ml) 5.6 (2.1) 7.4 (1.6) 0.2 

Systolic blood pressure (mmHg) 133 (15) 125 (17) 0.04

Diastolic blood pressure (mmHg) 85 (10) 79 (8) 0.01

HAQ-DI 1.6 (0.8) 0.7 (0.5) 0.002

VAS pain 6.5 (1.7) 1.5 (1.1) < 0.0001  

VAS patient disease activity 7.1 (1.5) 1.3 (1.3) < 0.0001

VAS doctor disease activity 6.9 (1.5) 0.7 (0.7) < 0.0001

Tender joints 17.3 (8.9) 0.7 (1.3)                    < 0.0001

Swollen joints 8.7 (2.2) 0.2 (0.6) < 0.0001  

ESR (mm/hr) 43 (2) 12 (3) < 0.0001  

Hs-CRP (mg/l) 34.7 (2.8) 5.6 (2.6) < 0.0001

Results are expressed as mean (SD) unless indicated otherwise.
Abbreviations: DMARD, disease modifying agents for rheumatic disease; NSAID, non-steroidal anti-
inflammatory agents; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BMI, body mass
index; HAQ-DI, Health Assessment Questionnaire-Disability Index (range 0-3); VAS, visual analog
scale (range 0-10 for both pain, patient and doctor disease activity); ESR, erythrocyte sedimentation
rate; hs-CRP, high sensitivity C-reactive protein.



did not require antidiabetic medica-
tions.  
IL-6 and each of the 3 biomarkers of
endothelial activation decreased 2
weeks subsequent to the intervention
whereas IL-1 and TNF-α levels did not
change significantly (Table II). The
reductions in mean IL-6, VCAM-1,
ICAM-1 and ELAM-1 concentrations
were 71%, 18%, 19% and 22%, respec-
tively. After treatment, the ELAM-1
concentrations were no longer higher
than that previously reported by us in
80 healthy controls, i.e. 53 pg/ml (24).

Associations between baseline 
variables and reductions in 
biomarkers of endothelial activation 
Baseline VCAM-1, ICAM-1 and
ELAM-1 concentrations each predicted
reductions in the respective biomarkers
(rs = 0.722, p = 0.0002 for VCAM-1, rs
= 0.617, p  = 0.003 for ICAM-1 and rs =
0.540, p = 0.01 for ELAM-1). Further,

baseline ICAM-1 levels predicted
decreases in VCAM-1 (rs = 0.514, p =
0.02) and the reductions in VCAM-1
and ICAM-1 were interrelated (rs =
0.665, p = 0.01).
Baseline rheumatoid factor titers were
associated with reductions in VCAM-1
(rs = 0.481, p = 0.03). Baseline IL-6
concentrations were related to decreas-
es in IL-6 (rs = 0.682, p = 0.0007). 
Baseline IL-6 and C-reactive protein
concentrations, weight and blood pres-
sure were not associated with decreases
in VCAM-1, ICAM-1 and ELAM-1
(data not shown).

Associations between changes in
recorded variables and reductions in
biomarkers of endothelial dysfunction
Reductions in IL-6 were strongly asso-
ciated with decreases in VCAM-1,
ICAM-1 and ELAM-1, both before and
after controlling for potential con-
founders comprising changes in CRP,

weight and blood pressure (Table III).
In the univariate analyses in Table III,
reductions in IL-6 concentrations
explained 88%, 36% and 28% of the
variance (R2 x 100) in decreases in
VCAM-1, ICAM-1 and ELAM-1 lev-
els, respectively. Changes in systolic
blood pressure and diastolic blood
pressure were collinear (rs = 0.550, p =
0.01) and hence not entered simultane-
ously in multivariable regression mod-
els. Replacement of diastolic blood
pressure by systolic blood pressure and
hs-CRP by other disease activity mark-
ers did not materially alter the models
in Table III. There were no significant
associations between reductions in IL-
6 and improvement in disease activity
variables (data not shown).

Discussion
Reductions in IL-6 concentrations and
decreased endothelial activation 
In the present study, treatment with
pulsed methylprednisolone in combi-
nation with DMARD resulted in a sig-
nificant 18 to 22% reduction in the 3
measured biomarkers of endothelial
activation in patients with active dis-
ease. Patients with marked endothelial
activation at enrollment were most
likely to experience an improvement in
endothelial function. Reductions in IL-
6 were strongly and independently
associated with decreases in each of the
3 biomarkers of endothelial activation.
By contrast, changes in IL-1, TNF-α
and acute phase reactant concentrations
were not associated with changes in
any of the 3 biomarkers. Whereas IL-6
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Table II.  Biomarkers of endothelial activation and cytokines before and after disease activ-
ity suppression in 21 rheumatoid arthritis patients.

Before treatment After treatment P

VCAM-1 (pg/ml) 912 (402) 752 (252) 0.003

ICAM-1 (pg/ml) 398 (205) 323 (179) 0.04

ELAM-1 (pg/ml) 68 (28) 53 (25) 0.02

IL-1 (pg/ml) 3.4 (5.0) 5.0 (4.9) 0.4

TNF-α (pg/ml) 1.7 (5.4) 2.2 (5.9) 0.7

IL-6 (pg/ml) 17 (2.9) 4.9 (4.6) 0.0008

Results are expressed as mean (SD).
Abbreviations: IL, interleukin; VCAM-1, vascular adhesion 
molecule-1; ICAM-1, intercellular adhesion molecule-1; ELAM-1,
endothelial leukocyte adhesion molecule-1.

Table III. Univariate and multivariable regression models for reductions in VCAM-1, ICAM-1 and ELAM-1 before and after treatment.

∆ VCAM-1* ∆ ICAM-1 ∆ ELAM-1

Univariate Multivariable Univariate Multivariable Univariate Multivariable

R2 P Partial R2 P R2 P Partial R2 P R2 P Partial R2 P

∆ IL-6* 0.875 < 0.0001 0.871 < 0.0001 0.362 0.004 0.404 0.005 0.284 0.01 0.320 0.02

∆ hs-CRP*      0.011 0.65 0.002 0.85   0.001 0.85     0.021 0.57  0.015 0.59 0.009 0.96 

∆ weight*      0.033 0.57 0.004 0.80 0.018 0.36 0.107 0.19 0.018 0.56 0.081 0.28  

∆ diastolic BP 0.079 0.22 0.099 0.20 0.099 0.17 0.055 0.35 0.084 0.72 0.002 0.96

R2 for model 0.890 0.477 0.343           

*Variables that were logarithmically transformed.
Abbreviations:  VCAM-1, vascular adhesion molecule-1; ICAM-1, intercellular adhesion molecule-1; ELAM-1, endothelial leukocyte adhesion molecule-1;
∆, change or reduction in; R, correlation coefficient; hs-CRP, high sensitivity C-reactive protein; BP, blood pressure.



is a major circulating joint derived
cytokine in RA, IL-1 and TNF-α are
major proinflammatory cytokines in
RA joints and induce IL-6 production
(41-44). TNF-α or IL-1 blockade
would therefore also be expected to
decrease endothelial activation in RA.
Indeed, the use of infliximab is associ-
ated with improved endothelial func-
tion as assessed by FMD (19, 20). Also,
as was reported with methotrexate (11),
TNF-α blockade was recently found to
prevent CV events in RA (45). We have
previously reported that circulating IL-
6 concentrations are independently
associated with endothelial activation
in RA (24). In accordance with our cur-
rent investigation, circulating IL-1,
TNF-α and acute phase reactant con-
centrations were not associated with
endothelial activation (24). Taken tog-
ether, our previous findings (24) and
current results are in keeping with the
paradigm of cytokine mediated athero-
genesis in RA (9, 10). 

Baseline rheumatoid factor titers and
decreased endothelial activation
In our previous report we found that,
apart from circulating IL-6 levels,
rheumatoid factor titers were also inde-
pendently associated with endothelial
activation (24). A potential role for
humoral immunity in RA atherogenesis
had also been suggested by previous
investigators (46, 47). Rheumatoid fac-
tors are immunoglobulins that are pro-
duced by B cells (48). Low doses of
glucocorticoids do not affect serum
immunoglobulin levels or antibody
synthesis in vivo after inoculation with
various antigens (49). Indeed, in con-
trast to T cells, B cells are relatively
resistant to the immunosuppressive
effects of glucocorticoids (49). Howev-
er, doses of methylprednisolone similar
to those used in the present study and
administered orally over 3 to 5 days
were reported to profoundly reduce
serum immunoglobulin levels in
healthy subjects with a maximum sup-
pression observed 2 to 4 weeks after
treatment (50). This suppression result-
ed from an initial increase in
immunoglobulin catabolism followed
by decreased synthesis (50). Our cur-
rent finding of an association between

high baseline rheumatoid factor con-
centrations and reductions in endothe-
lial activation further supports the role
of humoral immunity in RA atherogen-
esis. 

Changes in blood pressure and body
weight with cytokine suppressant 
therapy
The decreases in blood pressure and
body weight with pulsed methylpred-
nisolone in combination with DMARD
were unexpected. In view of the rapid
disappearance of methylprednisolone
from the circulation (31, 51), potential
mineralocorticoid effects should have
worn off 2 weeks subsequent to its
administration. While intraarticular
methylprednisolone has strong inhibit-
ory effects on cytokine production
(31), proinflammatory cytokines up-
regulate various components of the
renin-angiotensin system (52) and
renin-angiotensin activation has been
documented in RA (53, 54). Fluid
retention during arthritic episodes in
palindromic rheumatism has also been
reported (55). In addition, decreased
energy expenditure upon physical ac-
tivity that may be cytokine related was
recently described in RA (56). Finally,
the marked decrease in disability in our
patients may have allowed them to be
more physically active. Changes in
blood pressure and body weight were
not predictive of reductions in circulat-
ing biomarkers of endothelial dysfunc-
tion.

Intraarticular corticosteroids in RA
We used relatively high doses of
methylprednisolone acetate in view of
the marked baseline disease activity in
our patients (for example, the mean
Health Assessment Questionnaire-Dis-
ability Index was 1.6 and the mean
swollen joint count was 9). However,
these doses are still substantially lower
than those used in reported investiga-
tions on intravenously administered
pulsed methylprednisolone (typically 1
to 3 grams) in patients with active RA
(eg., 57-59) whereas such high doses
were reported to contribute to insulin
resistance in RA (33). We therefore
elected the intraarticular route in the
present investigation. Our study was

also not designed to determine the dif-
ferential effects of pulsed methylpred-
nisolone and DMARD on endothelial
activation. Although classical DMARD
typically take one or more months to
suppress the inflammatory cascade in
RA joints (60), whether these agents
could have direct and more rapid eff-
ects on the vascular system is unknown
at this stage.
We have previously reported a marked
reduction in insulin levels with the use
of pulsed glucocorticoids and tradition-
al DMARD (30). In that study, patients
were assessed at baseline and after 2
months (30). In the present investiga-
tion, insulin concentrations did not
change significantly. The 2 diabetic pa-
tients demonstrated a transient increase
in their plasma glucose concentrations.
We suggest that pulsed glucocorticoids
exacerbate insulin resistance in RA but
that this effect is transient and re-
versible. 

Study limitations
Our study has potential limitations.
Endothelial function was not assessed
by FMD. Biomarkers of endothelial
dysfunction are equally promising tools
in the assessment of CV risk in RA (24,
61, 62). We did not study a placebo
treated control group. Withholding
treatment in active RA is no longer
considered ethical (19, 63, 64). Our
findings are based on objective tests
and the investigators who performed
the laboratory tests were blinded to the
study protocol.  Potential long term ad-
verse effects of methylprednisolone
pulse therapy on endothelial function
in RA need to be considered. The re-
ported finding that intraarticularly
administered methylprednisolone dif-
fuses from the joints into the systemic
circulation for only 7 days (31, 51) tog-
ether with the improvement in endothe-
lial function 2 weeks subsequent to its
administration in the present investiga-
tion make it highly unlikely that this
intervention has long term adverse
effects on endothelial function in RA.
Future studies should include evalua-
tion of all potential CV risk factors
such as lipids and rheumatoid factor
titers, not only before but also after
treatment.  The effects of the current in-

Cytokine suppression and endothelial function  in RA / P.H. Dessein et al. 

165



tervention on lipids and insulin sensi-
tivity were the subject of a previous re-
port (30). We used a different DMARD
regimen in each patient and this may
have affected our results. Finally, the
long term effects of cytokine suppres-
sion on endothelial activation in RA
need further investigation. 

Conclusion
In conclusion, the use of pulsed
methylprednisolone and DMARD in
active RA resulted in reduced endothe-
lial activation that was most pro-
nounced in patients with high rheuma-
toid factor concentrations at baseline,
thereby supporting a potential role of
humoral immunity in RA atherogene-
sis. Decreases in circulating IL-6 con-
centrations were consistently and inde-
pendently associated with reductions in
endothelial activation. Our findings
suggest that suppression of IL-6 pro-
duction attenuates atherogenesis in RA.

Acknowledgements 
This study was sponsored in part by the
South African Circulatory Disorders
Research Fund.

References
1. GABRIEL SE, CROWSON CS, O’FALLEN WM:

Comorbidity in arthritis. J Rheumatol 1999;
26: 2475-9.

2. DEL RINCON ID, WILLIAMS K, STERN MP,
FREEMAN GL, ESCALANTE A: High inci-
dence of cardiovascular events in a rheuma-
toid arthritis cohort not explained by tradi-
tional cardiac risk factors. Arthritis Rheum
2001; 44 :2737-45.

3. SOLOMON DH, KARLSON EW, RIMM EB et
al.: Cardiovascular morbidity and mortality
in women diagnosed with rheumatoid arthri-
tis. Circulation 2003; 107: 1303-7.

4. WOLFE F, FREUNDLICH B, STRAUS WL:
Increase in cardiovascular and cerebrovascu-
lar disease prevalence in rheumatoid arthritis.
J Rheumatol 2003; 30: 36-40.

5. WATSON D, RHODES T, GUESS H: All-cause
mortality and vascular events among patients
with RA, OA, or no arthritis in the UK Gen-
eral Practice Research Database. J Rheuma-
tol 2003; 30: 1196-202.

6. FISCHER LM, SCHLIENGER RG, MATTER C,
JICK H, MEIER CR: Effect of rheumatoid
arthritis or systemic lupus erythematosus on
the risk of first-time acute myocardial infarc-
tion. Am J Cardiol 2004; 93: 198-200. 

7. MARADIT-KREMERS H, CROWSON CS,
NICOLA PJ et al.: Increased unrecognized
coronary heart disease and sudden deaths in
rheumatoid arthritis. Arthritis Rheum 2005;
52: 402-11.

8. DESSEIN PH, JOFFE BI, VELLER MG et al.:

Traditional and non-traditional cardiovascu-
lar risk factors are associated with atheroscle-
rosis in rheumatoid arthritis. J Rheumatol
2005; 32: 435-42.

9. SATTAR N, MCCAREY DW, CAPELL H et al.:
Explaining how “high-grade” systemic in-
flammation accelerates vascular risk in
rheumatoid arthritis. Circulation 2003; 108:
2957-63.

10. DESSEIN PH, JOFFE BI, STANWIX AE: Inflam-
mation, insulin resistance, and aberrant lipid
metabolism as cardiovascular risk factors in
rheumatoid arthritis. J Rheumatol 2003; 30:
1403-5.

11. CHOI HK, HERNAN MA, SEEGER JD, ROBINS
JM, WOLFE F: Methotrexate and mortality in
patients with rheumatoid arthritis: a prospec-
tive study. Lancet 2002; 359:  1173-7.

12. WOLFE F, MICHAUD K: Prednisone but not
biologics or disease modifying agents is
associated with increased risk of myocardial
infarction in persons with RA. Ann Rheum
Dis 2004; 63 (Suppl. 1): 69.

13. BONETTI PO, LERMAN LO, LERMAN A:
Endothelial dysfunction. A marker of athero-
sclerotic risk. Arterioscler Thromb Vasc Biol
2003; 23: 168-75.

14. FAULX  MD, WRIGHT AT, HOIT BD: Detec-
tion of endothelial dysfunction with brachial
artery ultrasound scanning. Am Heart J 2003;
145: 943-51.

15. ENDEMANN DH, SCHIFFRIN EL: Endothelial
dysfunction. J Am Soc Nephrol 2004; 15:
1983-92.

16. GONZALEZ-JUANATEY C, TEESTA A, GAR-
CIA-CASTELO A et al.: HLA-DRB1 status
affects endothelial function in treated
patients with rheumatoid arthritis. Am J Med
2003; 114: 647-52.

17. VAUDO G, MARCHESI S, GERLI R et al.:
Endothelial dysfunction in young patients
with rheumatoid arthritis and low disease
activity. Ann Rheum Dis 2004; 63: 31-5.

18. GERLI R, SCHILLACI G, GIORDANO A et al.:
CD4+CD28- T lymphocytes contribute to
early atherosclerotic damage in rheumatoid
arthritis patients. Circulation 2004; 109:
2744-8.

19. HURLIMANN D, FORSTER A, NOLL G et al.:
Anti-tumor necrosis factor-alpha treatment
improves endothelial function in patients
with rheumatoid arthritis. Circulation 2002;
106: 2184-7.

20. GONZALEZ-JUANATEY C, TESTAA, GARCIA-
CASTELO A, GARCIA-PORRUA C, LLORCA J,
GONZALEZ-GAY MA: Active but transient
improvement of endothelial function in
rheumatoid arthritis patients undergoing
long-term treatment with anti-tumor necrosis
factor alpha antibody. Arthritis Rheum 2004;
15: 447-50.

21. WITTE DR, BROEKMANS WMR, KARDINAAL
AFM et al.: Soluble intercellular adhesion
molecule 1 and flow-mediated dilatation are
related to the estimated risk of coronary heart
disease independently from each other. Ath-
erosclerosis 2003; 170: 147-53.

22. JOANNIDES R, HAEFELI WE, LINDER L et al.:
Nitric oxide is responsible for flow-depen-
dent dilatation of human peripheral conduit
arteries in vivo. Circulation 1995; 91: 1314-9.

23. KRIEGLSTEIN CF, GRANGER DN: Adhesion

molecules and their role in vascular disease.
Am J Hypertens 2001;14: 44S-54S.

24. DESSEIN PH, JOFFE BI, SINGH S: Biomarkers
of endothelial dysfunction, cardiovascular
risk factors and atherosclerosis in rheumatoid
arthritis. Arthritis Res Ther 2005; 7: R634-43.

25. CUSH JJ, ROTHLEIN R, LINDSLEY HB, MAIN-
OLFI EA, LIPSKY PE: Increased levels of cir-
culating intercellular adhesion molecule 1 in
the sera of patients with rheumatoid arthritis.
Arthritis Rheum 1993; 36: 1098-102.

26. MEIGS JB,  HU FB, RIFAI N, MANSON JE: Bio-
markers of endothelial dysfunction and risk
of type 2 diabetes mellitus. JAMA 2004; 38:
1978-86.

27. PONTHIEUX A, HERBETH A, DROESCH S,
HADDY N, LAMBERT D, VISVIKIS S: Biologi-
cal determinants of serum ICAM-1, E-
selectin, P-selectin and L-selectin levels in
healthy subjects: the Stanislas study. Athero-
sclerosis 2004; 172: 299-308.

28. HWANG S-J, BALLANTYNE CM, SHARRETT
AR et al.: Circulating adhesion molecules
VCAM-1, ICAM-1, and E-selectin in carotid
atherosclerosis and incident coronary heart
disease cases. Circulation 1997; 96: 4219-25.

29. DE CATERINA R, BASTA G, LAZZERINI G et
al.: Soluble vascular cell adhesion molecule-
1 as a biohumoral correlate of atherosclero-
sis. Arterioscler Thromb Vasc Biol 1997; 17:
2646-54.

30. DESSEIN PH, JOFFE BI, STANWIX AE: Effects
of disease modifying agents and dietary
intervention on insulin resistance and dys-
lipidemia in inflammatory arthritis: a pilot
study. Arthritis Res 2002; 4: R12.

31. STEER JH, MA DTS, DUSCI L, GARAS G, PED-
ERSEN KE, JOYCE DA: Altered leucocyte
trafficking and suppressed tumour necrosis
factor α release from peripheral blood mono-
cytes after intra-articular glucocorticoid
treatment. Ann Rheum Dis 1998; 57: 732-7.

32. ARNETT FC, EDWORTHY SM, BLOCH DA et
al.: The American Rheumatism Association
1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988;
31: 315-24.

33. DESSEIN PH, JOFFE BI, STANWIX AE, CHRIS-
TIAN BF, VELLER M: Glucocorticoids and
insulin sensitivity in rheumatoid arthritis. J
Rheumatol 2004; 31: 867-74.

34. RAMSEY LE, WILLIAMS B, JOHNSTON GD et
al.: British Hypertension Society guidelines
for hypertension management 1999: summa-
ry. BMJ 1999; 319: 630-5.

35. CHOBANIAN AV, BAKRIS GL, BLACK HR et
al.: The seventh report of the Joint National
Committee on prevention, detection, evalua-
tion, and treatment of high blood pressure.
JAMA 2003; 289: 2560-72.

36. ROBERTS WN, BABCOCK EA, BREITBACH
SA, OWEN DS, IRBY WR: Corticosteroid
injection in rheumatoid arthritis does not
increase rate of total joint arthroplasty. J
Rheumatol 1996; 23:  1001-4.

37. GRIGOR C, CAPELL H, STIRLING A et al.:
Effect of a treatment strategy of tight control
for rheumatoid arthritis (the TICORA study):
a single-blind randomized controlled trial.
Lancet 2004; 364: 263-9.

38. PROUDMAN SM, CONAGHAN PG, RICHARD-
SON C et al.: Treatment of poor-prognosis

Cytokine suppression and endothelial function  in RA / P.H. Dessein et al.  

166



early rheumatoid arthritis. A randomized
study of treatment with methotrexate,
cyclosporine A, and intraarticular corticos-
teroids compared with sulphasalazine alone.
Arthritis Rheum 2000; 43: 1809-19.

39. PADEH S, PASSWELL JH:  Intraarticular corti-
costeroid injection in the management of
children with chronic arthritis. Arthritis
Rheum 1998; 41: 1210-4.

40. BREIT W, FROSCH M, MEYER U, HEINECKE
A, GANSER G: A subgroup-specific evalua-
tion of the efficacy of intraarticular triamci-
nolone hexacetonide in juvenile chronic
arthritis. J Rheumatol 2000; 27: 2696-702.

41. FELDMAN M, BRENNAN FM, MAINI RN:
Role of cytokines in rheumatoid arthritis.
Annu Rev Immunol 1996; 14: 397-40.

42. PAPANICOLAOU DA, WILDER RL, MANOLA-
GAS SC, CHROUSOS GP: The pathophysio-
logic roles of interleukin-6 in human disease.
Ann Intern Med 1998; 128: 127-37.

43. DUFF GW: Cytokines and acute phase pro-
teins in rheumatoid arthritis. Scand J
Rheumatol Suppl. 1994; 100: 9-19.

44. MAINI RN, FELDMAN M: How does inflix-
imab work in rheumatoid arthritis? Arthritis
Res 2002; 4 (Suppl. 2): 22-8.

45. JACOBSSON LT, TURESSON C, GULFE A et
al.: Treatment with tumor necrosis factor
blockers is associated with a lower incidence
of first cardiovascular events in patients with
rheumatoid arthritis. J Rheumatol 2005; 32:
1213-8.

46. VAN DOORNUM S, MCCOLL G, WICKS IP:
Accelerated atherosclerosis. An extraarticu-
lar feature of rheumatoid arthritis? Arthritis
Rheum 2002; 46: 862-73.

47. AUBRY MC, RIEHLE DL, EDWARDS WD et
al.: B-lymphocytes in plaque and adventitia

of coronary arteries in two patients with
rheumatoid arthritis and coronary atheroscle-
rosis: Preliminary observations. Cardiovasc
Pathol 2004; 13: 233-6.

48. NEWKIRT MM: Rheumatoid factors: what do
they tell us? J Rheumatol 2002; 29: 2034-40.

49. BOUMPAS DT, CHROUSOS GP, WILDER RL,
CUPPS TR, BALOW JE: Glucocorticoid thera-
py for immune mediated diseases. Ann Intern
Med 1993; 119: 1198-208.

50. BUTLER WT, ROSSEN RD: Effects of corti-
costeroids on immunity in man. J Clin Invest
1973; 52: 2629-40.

51. ARMSTRON RD, ENGLISH J, GIBSON R,
CHAKRABORTY J, MARKS V: Serum methyl-
prednisolone levels following intra-articular
injection of methylprednisolone acetate. Ann
Rheum Dis 1981; 40: 571-4.

52. SEKIGUCHI K, LI X, COKER M et al.: Cross-
regulation between the renin-angiotensin
system and inflammatory mediators in car-
diac hypertrophy and failure. Cardiovasc Res
2004; 63:  433-42.

53. BOERS M, BREEDVELT FC, DIJKMANS BA et
al.: Raised plasma renin and prorenin in
rheumatoid vasculitis. Ann Rheum Dis 1990;
49: 517-20.

54. MAVRIKAKIS ME, VAIOPOULOS G, PAPAN-
TONIOU B et al.: Plasma renin activity as a
marker of renovascular injury in patients
with rheumatoid arthritis. Clin Exp Rheuma-
tol 1996; 14: 613-7.

55. WAJED MA, BROWN DL, CURREY HL: Palin-
dromic rheumatism. Clinical and serum com-
plement study. Ann Rheum Dis 1977; 36:  56-
61.

56. RALL LC, ROUBENOFF R: Rheumatoid
cachexia: metabolic abnormalities, mecha-
nisms and interventions. Rheumatology

2004; 43: 1219-23.
57. WONG PK, CUELLO C, BERTOUCH JV et al.:

Effects of pulse methylprednisolone on
macrophage chemotactic protein-1 and
macrophage inflammatory protein-1alpha in
rheumatoid synovium. J Rheumatol 2001;
28: 2634-6.

58. FREDIANI B, FALSETTI P, BISOGNO S et al.:
Effects of high dose methylprednisolone
pulse therapy on bone mass and biochemical
markers of bone metabolism in patients with
active rheumatoid arthritis: a 12-month ran-
domized prospective controlled study. J
Rheumatol 2004; 31: 1083-7.

59. YOUSSEF PP, TRIANTAFILLOU S, PARKER A
et al.: Effects of pulse methylprednisolone on
cell adhesion molecules in the synovial
membrane in rheumatoid arthritis. Arthritis
Rheum 1996; 39: 1970-9.

60. KWOH CK, ANDERSON LG, GREENE JM:
Guidelines for the management of rheuma-
toid arthritis. Arthritis Rheum 2002; 46: 328-46.

61. SOLOMON DH, CURHAN GC, RIMM EB, CAN-
NUSCIO CC, KARLSON EW: Cardiovascular
risk factors in women with and without
rheumatoid arthritis. Arthritis Rheum 2004;
50: 3444-9.

62. WALLBERG-JONSSON S, CVETKOVIC JT,
SUNDQVIST KG, LEFVERT AK, RANTAPAA-
DAHLQVIST S: Activation of the immune
system and inflammatory activity in relation
to markers of atherothrombotic disease and
atherosclerosis in rheumatoid arthritis. J
Rheumatol 2002; 29: 875-82.

63. STEIN C, PINCUS T: Placebo-controlled stud-
ies in rheumatoid arthritis: ethical issues.
Lancet 1999; 353: 400-3.

64. EMERY P, SMOLEN J: Issues in rheumatoid
arthritis. Lancet 1999; 353: 1186.

Cytokine suppression and endothelial function  in RA / P.H. Dessein et al. 

167


