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Clinical Improvement in Rheumatoid Arthritis Is
Associated with Healthier Microvascular Function in
Patients Who Respond to Antirheumatic Therapy
BERNAT GALARRAGA, JILL J.F. BELCH, TOM PULLAR, SIMON OGSTON, and FAISEL KHAN

ABSTRACT. Objective. Rheumatoid arthritis (RA) is associated with increased cardiovascular (CV) mortality.
Microvascular endothelial dysfunction occurs early in the development of CV disease and is wors-
ened by inflammation. The effect of drug treatment for RA on microvascular function has been poor-
ly studied. We assessed the effect of antirheumatic treatment on microvascular endothelial function
in patients with RA, particularly to examine responders versus nonresponders to therapy.
Methods. Fifty-one patients with active RA and no previous history of CV disease were assessed at
baseline and after 2 and 4 months’ therapy with either anti-tumor necrosis factor-α drugs (etanercept,
n = 27, adalimumab, n = 3) or methotrexate, n = 21. RA disease activity, inflammatory measures,
and skin microvascular responses, measured using laser Doppler imaging after iontophoretic deliv-
ery of acetylcholine (ACh) and sodium nitroprusside (SNP), were assessed at each study visit.
Results. Disease Activity Score (DAS28) decreased significantly from baseline to visit 2 and 3 (6.04
± 1.2, 4.34 ± 1.3, 4 ± 1.3, respectively; p < 0.0001). Endothelium-dependent (ACh) and independ-
ent (SNP) responses for the whole cohort did not improve significantly after drug treatment (p =
0.250, p = 0.062, respectively). When patients who responded to antirheumatic therapy (n = 31) were
analyzed, there were significant improvements in both ACh (p = 0.028) and SNP responses (p =
0.019).
Conclusion.Microvascular endothelial function improves in patients who respond to antirheumatic thera-
py. These results support the importance of effective therapy for RA patients in terms of CV effects, which
might extrapolate to reduced CV events in the future. Clinical trial registration no. ISRCTN57761809.
(First Release Jan 15 2010; J Rheumatol 2010;37:521–8; doi:10.3899/jrheum.090417)
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Cardiovascular (CV) mortality and morbidity is increased in
patients with rheumatoid arthritis (RA)1-3. Although tradi-
tional risk factors contribute to this excess risk, recent evi-

dence suggests that inflammation plays an important role4.
Endothelial dysfunction occurs early in atherosclerosis and
is independently associated with future CV events5,6.
Several methods have been devised to measure the integrity
of the endothelium, particularly by imaging of large and
small blood vessels and by measuring biomarkers7-10.

Numerous studies have demonstrated endothelial dys-
function in the macrocirculation and its correlation with CV
risk11-13; recent interest has focused on the microvascular
bed and its role as a predictor of CV events14-16. Indeed,
some authors suggest that microvascular involvement may
occur earlier than macrovascular dysfunction in the course
of atherosclerosis12,17, making it an interesting early surro-
gate marker of CV disease (CVD). Given that microvascu-
lar dysfunction is present in RA18,19, and strongly relates to
systemic inflammation20, investigation of its role in
response to therapy is warranted.

Epidemiological data suggest that both methotrexate
(MTX)21 and anti-tumor necrosis factor-α (anti-TNF-α)
therapy reduce CV mortality in RA22,23. Other groups have
reported an improvement in surrogate markers of CVD and
CV risk factors, such as macrovascular endothelial dysfunc-
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tion24,25, arterial stiffness26, carotid intima-media thick-
ness27, and insulin resistance28 after treatment with
anti-TNF-α agents (particularly infliximab). It is not clear,
however, whether the same results can be obtained in the
microvascular circulation, and whether the improvement in
vascular surrogate markers occurs in response to decreased
inflammation in general or is a direct drug effect, particular-
ly of TNF-α antagonists.

Our aim was to assess whether improvement in microvas-
cular function in patients with RA was related to decreased
inflammation and control of RA disease activity, or whether
it was an effect of drug therapy per se. To do this we evalu-
ated RA disease activity and microvascular endothelial func-
tion in “responders” [those achieving European League
Against Rheumatism (EULAR) good response criteria29]
compared to nonresponders to drug therapy.

MATERIALS AND METHODS
This was an open-label study carried out in Ninewells Hospital and Medical
School, Dundee (clinical registration no. ISRCTN57761809). Fifty-one
patients with RA meeting the 1987 American College of Rheumatology
classification criteria for RA30 and with moderate or active disease as
defined by the EULAR Disease Activity Score in 28 joints (DAS28)29 were
recruited. Recruitment was of sequential patients attending the rheumatol-
ogy outpatient clinics, who fulfilled the inclusion criteria, were about to
start either MTX or an anti-TNF-α agent, and who gave written informed
consent. Exclusion criteria included previous history of CVD, diabetes
mellitus, uncontrolled hypertension or hypercholesterolemia, and any other
inflammatory conditions.

Patients were given either MTX or anti-TNF-α [etanercept (ETA) or
adalimumab (ADA)] therapy as part of their standard care after they failed
to respond to adequate doses of, or had side effects to, a previous disease-
modifying antirheumatic drug (DMARD), and were anti-TNF-naive.
Treatment allocation was decided by rheumatologists in charge of patients’
care, based on patients’ clinical needs. Only when the treatment decision was
made were patients invited to take part in the study. Doses of anti-TNF-α
drugs were standard (ETA 25 mg twice a week or 50 mg weekly and ADA
40 mg every other week). Titration of MTX dose was decided by the
rheumatologist responsible for the patient’s care and followed no specific
dosing protocol.

The study was approved by the Tayside Committee on Medical
Research Ethics and all patients gave written informed consent.
Clinical and laboratory measurements. Patients were assessed at baseline
and at 2 and 4 months after starting antirheumatic therapy. During each
visit a clinical evaluation was performed comprising measurements of
height and weight, blood pressure (mean of 3 measurements taken on the
left arm with the patient in seated position after 25 min rest), DAS28 [val-
idated statistically derived disease activity index that combines 28 tender
joint count, 28 swollen joint count, C-reactive protein (CRP), and a 100
mm general health visual analog scale (VAS)], and Stanford Health
Assessment Questionnaire (HAQ; a validated questionnaire to assess qual-
ity of life and function in RA)31. Blood samples were taken for assessment
of full blood count, CRP, and plasma viscosity (PV).

“Responders” were defined as patients who achieved the EULAR good
response criteria (a reduction of DAS28 > 1.2 from baseline to the 4-month
visit or a DAS28 ≤ 3.2 at 4 months)29. Nonresponders were defined as those
who did not achieve this.
Assessment of microvascular function. Measurements of microvascular
function were conducted in a laboratory with constant room temperature set
at 22 ± 1°C and at the same time of day (1–3 PM). Patients were asked to
refrain from smoking and drinking alcohol at least 10 hours and caf-

feine-containing beverages at least 3 hours before measurements. Subjects
were studied in the supine position and were given a 30 min resting period.
During measurements, subjects were asked to neither speak nor sleep.

Subjects were asked to lie in a supine position. After a 20 min rest, fore-
arm microvascular function was assessed as described8,16,32,33, by measur-
ing skin vascular responses to iontophoresis of 1% acetylcholine (ACh;
Sigma-Aldrich Co. Ltd., Poole, UK) and sodium nitroprusside (SNP; David
Bull Laboratories, Warwick, UK). ACh and SNP were both dissolved in
deionized water to a concentration of 10 g/l (1%). Iontophoresis allows
noninvasive delivery of drugs across the skin without inducing systemic
effects. The volar aspect of the forearm was cleaned gently with adhesive
tape, alcohol, and sterile water. The iontophoresis chamber (Moor
Instruments, Devon, UK) consisted of a 20 mm internal diameter ring with
a wire electrode running around the inner surface. The 2 chambers were
fixed to the skin using double-sided adhesive tape and filled with 2 ml solu-
tion. The leads from the electrodes were connected to the iontophoresis
controller. ACh and SNP were delivered simultaneously to the skin through
the 2 separate iontophoretic chambers and using consecutive increases in
anodal and cathodal current, respectively: 10, 15, 20, 50, and 100 µA. Two
baseline scans of skin perfusion were taken before the iontophoresis proto-
col was administered. After the baseline scans, each dose was ion-
tophoresed for approximately 200 s and 4 scans (each 50 s) were performed
for each dose. Skin perfusion was measured using a laser Doppler imager
(moorLDI, Moor Instruments, Axminster, UK). For each scan, the comput-
er builds up a color-coded image termed laser Doppler flux and measured
in perfusion units (PU), which represents skin blood flow over the scan
area. The average of the last 2 stable scans was taken as the reading for that
particular dose. Overall microvascular response for the total drug delivery
period was determined by calculating the area under the perfusion × time
curve (AUC) over baseline.

The perfusion response to the diluent only was not measured because
previously, using large-diameter electrodes such as those in the present
study, we did not elicit any nonspecific effect at the anodal electrode and a
minimal effect at the cathode (which is negligible in comparison to the SNP
response itself)34. Moreover, in other studies, where the authors subtracted
the vehicle response, they found that this did not alter their conclusions33.
The reproducibility of this technique in our hands is 11%16.
Statistical analysis. SPSS v15.0 for Windows was used for all statistical
analyses. Results are presented as mean ± standard deviation. Data were
checked for normality with the Kolmogorov-Smirnov test and parameters
that were not normally distributed were log-transformed where this
achieved normality. Analysis of variance (ANOVA) for repeated measures
(including iontophoresis current and study visit) was used to compare the
microvascular responses before and after treatment, followed by a modified
post-hoc paired-sample t test at each dose when a significant difference was
found. Independent-samples t tests were used to compare group differ-
ences. The relationship between quantitative variables was measured with
Pearson’s correlation, and stepwise multiple regression analysis was used
to determine the independent determinants of ACh area under the curve
(AUC) and SNP AUC responses. P values < 0.05 were considered statisti-
cally significant. Power calculations were based on repeat microvascular
responses measured at 2 timepoints at least 2 months apart in 44 individu-
als. The standard deviation (SD) of the change for the ACh response was
0.80. It was therefore possible to detect a difference of 0.5 SD (which
equates to 13.4% change) with 80% power at p < 0.05 change using a
paired comparison in 25 patients. A previous study with normal individuals
by our group showed that n = 28 is sufficient to demonstrate improvements
of 29% before and after intervention35.

RESULTS
Baseline. Fifty-one patients aged 31–75 years, 43 women
and 8 men, were studied (the numbers selected for the study
were based on our previous observations of responder and
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nonresponder rates to these drug therapies). Thirty-seven
(72.5%) were rheumatoid factor (RF)-positive and 32 (63%)
had erosive disease. The mean disease duration was 10 (SD
9.5) years. Thirty-nine (76%) patients were taking regular
nonsteroidal antiinflammatory drugs (NSAID). Thirty-seven
(72.5%) patients were already taking a DMARD at baseline,
of which 10 (20%) were on combination therapy. The 2
most common DMARD were sulfasalazine (SSZ) and MTX
(these latter were all in the group about to start a TNF-α
inhibitor) taken by 23 (45%) and 19 (37%) patients, respec-
tively. Eleven (22%) patients had hypertension that was well
controlled with medication and all 4 (8%) patients that had
hypercholesterolemia were receiving a statin. After the
baseline visit, 27 patients were started on ETA by their
rheumatologist, 3 on ADA, and 21 on MTX. Baseline char-
acteristics of all patients are given in Table 1.

As expected at baseline, significant differences were
observed in disease duration (p < 0.0001), number of tender
joints (p < 0.0001), DAS28-CRP (p < 0.0001), and HAQ
(p < 0.0001) between the patients about to receive MTX and
those starting TNF-α blockade. Twenty-three (74%) TNF
patients were taking a DMARD at baseline (15 on MTX
alone, 4 in combination with SSZ or hydroxychloroquine,
and 4 monotherapy with other DMARD). The average
weekly dose of patients’ MTX was 18 ± 5 mg. In the MTX
group, 15 patients were taking SSZ, 1 combination therapy,
and 5 were taking no DMARD. Baseline prednisolone dose
was higher in the TNF than the MTX group but this differ-
ence was not statistically significant (1.6 ± 2.6 mg vs 0.5 ±
1.5 mg; p = 0.087; Table 1).

Baseline vascular responses to ACh and SNP, reflecting
better vascular function, were significantly higher in the
MTX group (ACh AUC 194,566 ± 83,165 and SNP AUC
139,963 ± 56,404) than in the TNF group (149,751 ± 76,409
and 91,854 ± 66,074) (p = 0.05 and p = 0.009; Table 1).
After antirheumatic treatment. All patients. By visit 2, the
average dose of MTX in the MTX group was 12 ± 3
mg/week. This dose increased further by visit 3 (13 ± 5
mg/week).

For all patients, whether receiving MTX or TNF therapy,
disease activity (DAS28-CRP) improved significantly from
baseline (6.04 ± 1.18) to visit 2 (4.34 ± 1.34) and this
improvement was maintained at visit 3 (4.0 ± 1.27) (p <
0.0001, ANOVA).

Reductions in levels of log10CRP (visit one 1.28 ± 0.44
mg/l, visit two 0.97 ± 0.44 mg/l, and visit three 0.92 ± 0.46
mg/l; p < 0.0001, ANOVA) and PV (1.8 ± 0.17 mPa.s, 1.72
± 0.16 mPa.s, 1.75 ± 0.18 mPa.s; p < 0.0001, ANOVA) were
also observed through the study period.

Although there was a trend toward improvement in the
ACh and SNP responses from baseline to visit 2 and 3, this
did not reach statistical significance (p = 0.250, ANOVA,
and p = 0.062, ANOVA, respectively).

When the TNF and MTX groups were analyzed sepa-
rately, although the ACh and SNP responses throughout the
study were borderline significant in the TNF group they did
not reach significance in either group (TNF ACh p = 0.122
and SNP p = 0.087; MTX ACh p = 0.836 and SNP p =
0.531; Figure 1). As shown in Figure 2, DAS28 decreased in
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Table 1. Baseline characteristics of study patients.

All Patients Anti-TNF-α Methotrexate p

No. of patients 51 30 21
Age, yrs 56 ± 11 57 ± 11 54 ± 11 0.321
Female/male, n 43/8 26/4 17/4 0.86
Disease duration, yrs 10 ± 9.5 14 ± 10 4 ± 3 < 0.0001
No. RF-positive (%) 37 (72.5) 23 (77) 14 (67) 0.635
Erosions, n (%) 32 (63) 20 (67) 15 (71) 0.962
Current smokers, n (%) 11 (21) 6 (20) 5 (24) 1
No. tender joints 17 ± 8 21 ± 6 11 ± 7 < 0.0001
No. swollen joints 9 ± 5 9 ± 4 8 ± 5 0.465
DMARD at baseline, n (%) 37 (72.5) 22 (73) 15 (71) 0.835
Prednisolone dose, mg 1.2 ± 2.2 1.6 ± 2.6 0.5 ± 1.5 0.087
On NSAID, n (%) 39 (76) 21 (70) 18 (86) 0.167
Log10CRP, mg/l 1.28 ± 0.44 1.31 ± 0.45 1.24 ± 0.43 0.586
PV, mPa.s 1.8 ± 0.17 1.84 ± 0.18 1.78 ± 0.17 0.250
DAS28 6.04 ± 1.2 6.51 ± 0.68 5.36 ± 1.37 < 0.0001
HAQ 1.71 ± 0.7 1.97 ± 0.52 1.33 ± 0.7 < 0.0001
ACh AUC 168,205 ± 81,542 149,751 ± 76,409 194,566 ± 83,165 0.05
SNP AUC 111,664 ± 66,156 91,854 ± 66,074 139,963 ± 56,404 0.009

Values are mean ± SD. p value represents significance for comparisons between the methotrexate and
anti-TNF-α groups. RF: rheumatoid factor; DMARD: disease modifying antirheumatic drug; CRP: C-reactive
protein; PV: plasma viscosity; DAS28: Disease Activity Score of 28 joints; HAQ: Stanford Health Assessment
Questionnaire; ACh AUC: acetylcholine area under the curve; SNP AUC: sodium nitroprusside area under the
curve.
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the MTX and TNF groups from baseline to visit 3, but the
drop in DAS28 score was significantly greater in the TNF
group (TNF 2.49 ± 1.12 vs MTX 1.25 ± 1.64; p = 0.003).
DAS28 responders. Thirty-one patients (61%) [22 (81%)
patients taking ETA, 2 (66%) of those on ADA, and 7 (33%)
of those on MTX] achieved the EULAR response criteria by
visit 3. At baseline, significant differences in the number of
tender joints, DAS28-CRP, and HAQ score were observed

between DAS28 responders and nonresponders — 19 ± 7 vs
12 ± 8 (p = 0.004); 6.46 ± 0.68 vs 5.39 ± 1.51 (p = 0.002);
and 1.87 ± 0.52 vs 1.42 ± 0.84 (p = 0.014), respectively
(Table 2).

When DAS28 responders were evaluated, there was a
significant improvement in both the endothelium-dependent
(p = 0.028, ANOVA; Figure 3) and endothelium-independ-
ent (p = 0.019, ANOVA; Figure 4) vascular responses from
baseline to visit 2 and 3. A significant change in all the dis-
ease activity measures and inflammation was also observed
from baseline to visit 3, as shown in Table 2.

Despite the statistically significant reduction in the num-
ber of swollen joints (p = 0.021) and DAS28-CRP (p =
0.023), no significant differences in endothelium-dependent
(p = 0.833, ANOVA) and endothelium-independent (p =
0.915, ANOVA) vascular responses were observed through-
out the study in DAS28 nonresponders.

Comparison between the DAS28 responders of the MTX
and TNF groups was not possible due to the small numbers
of responders in the MTX group. Although an improvement
in the dose-dependent ACh and SNP responses of TNF
patients was observed from baseline to visit 2 and 3, this did
not reach statistical significance (p = 0.107 and p = 0.139,
ANOVA, respectively).
Correlations. On univariate analysis at visit 3, ACh AUC
and SNPAUC correlated with PV (r2 = 0.309, p = 0.032, and
r2 = 0.371, p = 0.011, respectively) and as expected, with
age (r2 = 0.449, p = 0.001, and r2 = 0.334, p = 0.020).

The variables tested in the model included age, sex,
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Figure 1.A. ACh AUC in the 30 TNF (p = 0.122) and 21 MTX (p = 0.836)
patients throughout the study. B. SNP AUC in the 30 TNF (p = 0.087) and
21 MTX (p = 0.531) patients throughout the study. Data are mean ± 95%
CI.

Figure 2. DAS28 in the 30 TNF and 21 MTX patients throughout the study.
Data are mean ± 95% CI (TNF, p < 0.0001; MTX, p = 0.004).
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smoking habits, history of hypertension, RF positivity, body
mass index, number of tender joints, number of swollen
joints, log10CRP, DAS28 score, PV, and systolic and dias-
tolic blood pressure. Forward stepwise multiple regression
analysis revealed that PV (ß = –0.298, p = 0.029) and age (ß
= –0.457, p = 0.001) were the only independent predictors
of ACh AUC response, and that PV (ß = –0.500, p = 0.002)
and DAS28 score (ß = 0.363, p = 0.02) independently pre-
dicted the SNP AUC response.
Adverse events. Three patients (6%) did not complete the
study. All 3 patients were in the TNF group (2 started ETA
and 1 ADA) and developed side effects after the 2-month
visit. The patient starting ADA died from a combination of
pulmonary fibrosis, infection, and pneumonitis that
occurred 8 weeks after starting the ADA (added to a MTX
regimen). One patient developed probable pulmonary fibro-
sis 8 weeks after starting ETA. He had concomitant MTX

therapy (commenced 4 years earlier); he recovered shortly
after stopping both drugs following a course of pred-
nisolone. The third patient had worsening of mild conges-
tive cardiac failure 10 weeks after commencement of ETA,
and recovered satisfactorily after discontinuation of the
TNF-α blocker and appropriate treatment for heart failure.
These 3 patients were included in the baseline but not in the
post-treatment analysis.

DISCUSSION
We demonstrated that in active RA, microvascular function
is improved in those patients who respond to antirheumatic
treatment, using the EULAR response criteria to define
responders. This study strengthens the view that inflamma-
tion plays a key role in CVD and gives further evidence on
the importance of tight and aggressive control of RA disease
activity, not only to avoid further joint damage and disabili-
ty, but to potentially reduce CVD risk.

Microvascular endothelial dysfunction has been impli-
cated in the pathogenesis of several conditions such as dia-
betes mellitus, metabolic syndrome, and chronic renal fail-
ure. Abnormalities in the microvascular bed correlate with
CV risk factors36-38 and established coronary artery dis-
ease39. Recently we showed a correlation between
microvascular function in the forearm and coronary flow
reserve in healthy subjects16. Indeed, the study of this vas-
cular bed may provide distinct and additional information to
that obtained through testing the macrocirculation, as
microvascular dysfunction may in fact occur earlier17.
Although macrovascular function may be a stronger deter-
minant of future CV events, the correlation between
microvascular function and the presence of CV risk factors
is more robust12.

Microvascular dysfunction has been reported in RA18,19.
It is associated with systemic inflammation40 and Datta, et
al, in a pilot study, showed that in active RA, vascular func-
tion in the microcirculation can be improved with antiin-
flammatory treatment19. However, that study was small (8
patients) and disease activity was not measured, and it had
variable timepoints and treatments that may have influenced
the results. Further, it was not clear if this benefit was a drug
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Table 2. Disease activity scores and inflammatory mediators throughout the study in DAS28 responders and nonresponders.

DAS28 Responders DAS28 Nonresponders
Baseline 2 months 4 months p Baseline 2 months 4 months p

No. tender joints 19 ± 7* 7 ± 6 4 ± 4 < 0.0001 12 ± 8* 9 ± 8 11 ± 9 0.135
No. swollen joints 9 ± 4 4 ± 3 2 ± 2 < 0.0001 9 ± 5 6 ± 4 6 ± 3 0.021
DAS28-CRP 6.46 ± 0.68* 4.03 ± 1.15 3.46 ± 0.82 < 0.0001 5.39 ± 1.51* 4.71 ± 1.41 4.99 ± 1.38 0.023
Log10CRP, mg/l 1.30 ± 0.41 0.87 ± 0.38 0.8 ± 0.35 < 0.0001 1.21 ± 0.50 1.09 ± 0.51 1.13 ± 0.55 0.493
PV, mPa.s 1.82 ± 0.18 1.67 ± 0.97 1.74 ± 0.15 0.008 1.81 ± 0.19 1.79 ± 0.22 1.77 ± 0.22 0.438
HAQ 1.87 ± 0.52* 1.67 ± 0.52 1.44 ± 0.76 0.001 1.42 ± 0.84* 1.51 ± 0.70 1.44 ± 0.69 0.224

Values are mean ± SD. * p < 0.05 between DAS28 responders and nonresponders at baseline. DAS28: Disease Activity Score of 28 joints; CRP: C-reactive
protein; PV; plasma viscosity; HAQ: Stanford Health Assessment Questionnaire.

Figure 3. Dose-dependent ACh responses in the 31 DAS28 responders
throughout the study. Data are mean ± 95% CI (p = 0.028, ANOVA).
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effect or due to decreasing the inflammatory stimuli. Our
study was carried out in 51 patients following power calcu-
lations to ensure adequate numbers of both responders and
nonresponders, patients were treated with 2 different drug
types (MTX and TNF-α blockade), assessments were done
at 3 preplanned timepoints, and we measured several mark-
ers of inflammation and disease activity. Although a trend to
improvement in vascular function was seen in the group as
a whole, statistical significance was reached only in those
that fulfilled the EULAR response criteria.

We found several differences between patients receiving
MTX and those receiving anti-TNF-α drugs. At baseline,
both groups seemed to represent distinct stages in the dis-
ease process, with those starting TNF-α blockade being at
the severe end. Anti-TNF-α patients had longer duration of
disease and more disease activity, and this was associated
with significantly lower microvascular responses compared
with MTX patients. Although not statistically significant,
there was a trend toward better improvement in vascular
function after TNF than after MTX treatment. Indeed,
patients receiving TNF-blocking drugs were more likely to
have a reduction in disease activity, and this reduction was
greater than that observed in patients receiving MTX.
Whether anti-TNF-α therapy possesses greater beneficial
effects in vascular function than MTX or whether the trend
toward better vascular function observed in anti-TNF-α
patients was due to their greater antiinflammatory or other
distinct properties remains unanswered; however, it is clear
that uncorrected inflammation in the nonresponder group
was paralleled by lack of improvement in endothelial func-

tion. In favor of the greater improvement in vascular func-
tion with anti-TNF-α therapy than with MTX would be the
fact that TNF-α is a pivotal inflammatory cytokine directly
involved in the pathogenesis of atherosclerosis; thus block-
ing this inflammatory mediator directly may be more effec-
tive in improving vascular health41,42. On the other hand,
improvement in endothelial function has also recently been
observed in RA patients refractory to TNF-α antagonists
who were treated with rituximab; this was associated with a
significant reduction in disease activity and CRP, suggesting
that reducing inflammation may be the key factor43,44.

We have demonstrated a direct and independent correla-
tion between microvascular function and inflammation
(PV). This relationship was not found in the 2 previous stud-
ies assessing microvascular function in RA18,19 (probably
due to their small numbers), but was in keeping with our
findings in a previous study, where we reported CRP was an
independent determinant of microvascular function40. This
not only emphasizes the key role of inflammation in CVD,
but also shows the importance that aggressive disease con-
trol may have in reducing this risk in patients with RA.

Most studies of macrovascular function in RA have
shown evidence of endothelial-dependent but not independ-
ent vascular impairment in this group of patients. Moreover,
after antiinflammatory treatment, improvement in endothe-
lial-dependent but not independent function has also been
observed18,24,25,45,46. The results at the level of the micro-
circulation, however, differ from these, not only because
both endothelium-dependent and independent responses
were found to be impaired in RA compared to healthy con-
trols18,47 and because high CRP patients had lower ACh and
SNP responses than low CRP patients20, but also because
both in our present study and in the previous pilot study47,
endothelium-dependent and independent responses
increased significantly after antiinflammatory treatment. As
reduced ACh responses reflect endothelial dysfunction,
whereas impairment in SNP suggests a dysfunction at the
vascular smooth-muscle level, it is possible that the vascu-
lar involvement of the microcirculation is more global
(endothelium and vascular smooth-muscle), while in the
macrocirculation the endothelium is mostly affected.

A limitation of our study was the open-label design that
could have introduced treatment selection bias. This was a
result of current UK prescription guidelines that state that
only those RA patients with active disease who have failed
to respond to 2 previous DMARD, one of which must have
been MTX, are eligible to receive TNF-α blockers48.
Allocation of treatment was, however, decided by the
rheumatologist responsible for the patient’s care and not by
the investigators. Moreover, previous studies on endothelial
function used this same study design24,49.

We demonstrated that microvascular dysfunction is pres-
ent in patients with active RA, that it correlates with sys-
temic inflammation, and that it can be at least partially
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Figure 4. Dose-dependent SNP responses in the 31 DAS28 responders
throughout the study. Data are mean ± 95% CI (p = 0.019, ANOVA).
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reversed with antirheumatic treatment, particularly in those
patients who respond to it. As the anti-TNF-α drugs clearly
showed the best antiinflammatory effect, we suggest that
such drugs need to be assessed in early RA, as CV risk also
occurs soon after diagnosis.
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