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Vasodilator function worsens after cessation of tumour necrosis factor
inhibitor therapy in patients with rheumatoid arthritis only if a flare
occurs
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Abstract
Vasodilator function is reported to be reduced in rheumatoid arthritis (RA), and is considered an early sign of vascular dysfunc-
tion, which is normalised by TNF inhibitors (TNFi). To optimise cost-effectiveness, tapering or interruption of TNFi therapy in
established RA patients is advocated. We explored whether cessation of TNFi results in impaired vasodilator function and
whether this relates to the development of a Disease Activity Score (DAS28)-based flare. Forty-one patients were assessed for
eligibility as RAwith at least 12 months of low disease activity (based on 28 joint counts); 35 enrolled into the randomised study:
8 were randomised to continue, 27 to stopping TNFi. Forearm vasodilation to acetylcholine (ACh) and sodium nitroprusside
(SNP) was assessed before cessation of TNFi therapy (visit 1) and 6 months after (dis)continuation of TNFi or at flare (based on
DAS28) whichever came first (visit 2). None of the patients who continued their TNFi therapy flared. Eight out of 22 patients
who stopped TNFi therapy flared. The vasodilator response to ACh and SNP was reduced significantly in patients who expe-
rienced a flare of RA: In patients who did not experience a flare, the vasodilator response to ACh or SNP was not significantly
affected. Vasodilator function is reduced after cessation of TNFi, but only when RA reactivates, indicating that early vasodilator
dysfunction is a consequence rather than a cause of systemic inflammation in RA and not specifically related to inhibition of
TNFα signalling. Without close monitoring, microvascular damage can occur after TNFi interruption with potential devastating
implications for cardiovascular health. Trial registration: NCT02130076
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Introduction

Rheumatoid arthritis (RA) is a disease characterised by a system-
ic auto-inflammatory response primarily directed against articular
synovia. However, apart from the joints, other organs may also
be affected by this systemic disease, including the pericardium,
lungs, kidneys, nerves and the cardiovascular system in general.
Involvement of the cardiovascular system, in particular the 50%
increased risk for cardiovascular mortality as compared with the
general population primarily driven by atherosclerosis (ischemic
heart disease and stroke), limits life expectancy of patients with
this chronic auto-inflammatory disorder [1].

The mechanism of increased atherosclerosis in patients
with RA is complex and probably multifactorial. Patients with
RA are more likely to have obesity, insulin resistance, hyper-
lipidaemia and hypertension, important risk factors for athero-
sclerosis [2, 3]. Possibly, an inactive lifestyle caused by
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disabling disease contributes to the accumulation of these risk
factors. In addition, activation of both the innate and adaptive
immune systems in RA could enhance accumulation of vas-
cular monocytes, by activating the endothelium to express
ICAM and VCAM. Cytokines such as IL-1, IL-6 and TNF-
alpha which are released in RA could further contribute to
transformation of these monocytes to foam cells, a hallmark
of initial atherosclerotic lesions. In addition, cytokine release
contributes to endothelial alterations that result in reduced
release of nitric oxide and potentially other endothelial
relaxing factors. This altered endothelial function in conduit
arteries contributes to increased platelet aggregation and in-
creased vascular leucocyte accumulation. In the microvascular
resistance arteries, altered vascular tone could contribute to the
development of hypertension and insulin resistance. Finally,
activation of inflammatory cells as in RA will result in in-
creased release of metalloproteases, which are important in
the development of vulnerable plaques, by breakdown of the
fibrous cap of atherosclerotic lesions, with acute occlusion of
conduit arteries as a consequence. Thus, endothelial and/or
smooth muscle cell dysfunction and activation of immune
competent cells against a background of inactivity and meta-
bolic syndrome act in concert to increase atherosclerosis and
the risk for cardiovascular events and subsequent mortality.

Disease-modifying antirheumatic drugs (DMARDs) have
been shown to reduce the risk for cardiovascular events in pa-
tients with RA [4]. This has best been described for methotrex-
ate and TNF-inhibiting therapies. Treatment of RA patients
with TNF inhibitors is associated with a 30% reduction of all
cardiovascular events and 41% reduction of acute myocardial
infarction while methotrexate reduces these risks to 28 and
19%, respectively [4]. In RA patients, this protective effect of
TNF inhibitors is accompanied by improvements in several
surrogates of early vascular injury such as endothelium-
mediated vasodilation (both in resistance and conduit arteries),
arterial stiffness and subclinical atherosclerosis [5]. Particularly,
in early RA patients, similar results were found with the initia-
tion of non-TNF inhibitor therapy [6] and preserved skin mi-
crovascular functioning with low disease activity [7].

An important clinical issue is the duration of anti-TNF
therapy in patients with prolonged remission of their
established as opposed to early RA. Since these drugs are
expensive, interruption of this highly effective therapy could
improve cost-effectiveness of this biotechnological treatment.
The question is however whether an arthritis-based monitor-
ing of disease activity (DAS28, based on number of swollen
joints, painful joints and CRP or BSE) is sufficient to detect
and monitor early vascular injury that is associated with RA.
In other words: would cessation of TNF inhibitors and restart
as soon as DAS28 increases and exceeds the 3.2 DAS28
threshold be equally adequate to prevent atherosclerosis as
compared with continued treatment? Both systemic and local
(intra-arterial) treatment with anti-TNF-antibody therapy

improve endothelial function in patients with vasculitis or
RA as reflected by the vasodilator response to intra-arterially
infused acetylcholine [8, 9]. Also, other vascular functions
that are (at least partially) endothelium-dependent such as
flow-mediated dilation of the brachial artery, pulse wave ve-
locity and elasticity of the ascending aorta are improved when
active RA patients are being treated with methotrexate plus
TNFi, i.e. infliximab or etanercept [10–12]. The acute benefit
of intra-arterial infliximab on endothelial function even in the
presence of persistent systemic inflammation suggests a spe-
cific role for TNF-alpha in the pathogenesis of endothelial
dysfunction in patients with established RA [11]. Therefore,
one may hypothesise that when TNFi therapy is stopped, va-
sodilator function and particularly endothelial function may
worsen even in the absence of recurrence of systemic inflam-
mation or reactivation of arthritis. If stopping TNFi would
result in worsening of vasodilator function in all stoppers, this
would strongly suggest a higher cardiovascular risk in associ-
ation with TNFi withdrawal in all TNFi stoppers. If this only
occurs in flaring patients, one clearly may have to intensify
monitoring on disease activity parameters. These findings
would indicate an important drawback for stopping TNFi in
established as well as in early RA patients when disease ac-
tivity measures reveal reactivation.

We addressed this hypothesis using a randomised open-
label stop trial of TNF inhibitor therapy in patients with
establ ished RA, the so-cal led POEET (Potent ial
Optimalisation of Expediency and Effectiveness of TNF
blockers) trial [13]. In this nation-wide Dutch trial, 817 pa-
tients have been included who had stable remission of their
established RA while on TNF-inhibiting therapy. They were
randomly allocated (1:2 ratio) to either continued TNFi ther-
apy or discontinuation of this therapy. The design and primary
endpoints of this trial have been published previously [13]. In
a small selection of patients who were included primarily in
the Nijmegen region, we studied microvascular endothelial
function as assessed with forearm intra-arterial infusion of
the endothelium-dependent vasodilator acetylcholine (ACh)
and the endothelium-independent vasodilator sodium nitro-
prusside (SNP). The primary objective of the study is to in-
vestigate the effect of cessation of anti-TNF-alpha therapy on
endothelium-dependent and endothelium-independent
vasodilation.

Methods

Design

This study is a substudy of the POEET trial, an open-label
randomised controlled study design where patients (n = 1000
max) are randomised to discontinue TNF-blocking therapy or
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continue all anti-rheumatic medication including TNF-
blocking therapy.

In patients included in this substudy, the forearm vasodila-
tor response to acetylcholine and nitroprusside (infused in the
brachial artery) was assessed (see ‘Study procedures’) before
randomization and at the end of follow-up.

During the 6-month follow-up period, all patients were
monitored according to the POEET protocol: recording of
concomitant medication, co-morbidity and Disease Activity
Score (DAS28) at the outpatient clinic by their treating rheu-
matologist. In patients who experienced exacerbation of RA
before the end of the study (6 months) which required addi-
tional disease-modifying drugs (including restart of TNFi
therapy), the intra-arterial procedure was repeated prior to re-
start of this therapy. This study was prospectively registered at
www.clinicaltrials.gov (NCT02130076) and approved by the
institution medical ethics committee (CMO Arnhem/
Nijmegen; registration number: CMO 2012/153). All study
procedures were performed according to GCP and the decla-
ration of Helsinki.

Patient recruitment and selection

Patients who signed informed consent for the POEET trial
were asked for their willingness to participate in this substudy.
Based on our power calculation (see ‘Sample size calculation
and statistical analysis’), we aimed to include 24 patients who
had been allocated to the ‘continued treatment’ and 24 patients
who had been allocated to the ‘stop-group’, expecting a drop-
out of 4 patients in both arms. The inclusion criteria were (a)
informed consent for POEET trial and this additional study and
(b) on stable medication (except for TNFi therapy) as defined
for the POEET trial. Exclusion criteria were (a) uncontrolled
hypertension (RR > 140/90 mmHg, average of three measure-
ments at screening after 5 min of supine rest), (b) diabetes
mellitus, (c) heart failure or any other cardiovascular disease
that is expected to induce changes in cardiovascular medica-
tion during the study period and (d) expected to start or change
medication that can alter endothelial function (lipid-lowering
drugs, blood pressure-lowering drugs, NSAIDs, immunosup-
pressive therapy other than TNFi drugs).

Study procedures

For a detailed description of the logistics of the trial and
follow-up frequency, we refer the readers to the publication
on the primary endpoint of the large POEET trial [13].

Plethysmography

The forearm blood flow (FBF) response to increasing concen-
trations of acetylcholine (0.5, 2.0 and 8.0 μg/dl forearm/min)
and nitroprusside (0.06, 0.2 and 0.6 μg/dl/min) was

determined using venous occlusion mercury-in-silastic strain
gauge plethysmography. Subjects were asked to abstain from
caffeine-containing food and beverages during the 24 h pre-
ceding the study. When the study was performed in the morn-
ing, patients entered the study centre after an overnight fast.
When the study was performed in the afternoon, patients were
allowed to use breakfast at least 4 h before measurement.
Patients were in supine position for approximately two and a
half hours. During preparation, the volume of the non-
dominant arm was measured by water displacement to adjust
intra-arterial infusion rate to forearm volume (50 μl/dl forearm/
min, kept constant throughout flow measurements). A wrist
cuff, an upper arm cuff and a mercury-filled silastic strain
gauge were applied to both arms. A 27-G needle was inserted
in the brachial artery of the non-dominant arm to administer the
vasodilating agents. The size of this needle is small enough to
prevent significant bleeding even when patients are on antico-
agulant medication. The vasodilator response to acetylcholine
(ACh) and nitroprusside (SNP) was assessed. All measure-
ments were performed in a climate-controlled research room
at the Clinical Research Centre Nijmegen.

Vasodilating agents were administered in three increasing
dosages during 5 min for each dose: 0.5–2.0–8.0 and 0.06–
0.2–0.6 μg/dl forearm/min for Ach and SNP, respectively.
Forearm blood flow (FBF) was assessed during the last 2 min
of each dose, which is sufficient for steady-state in the vasodi-
lator response to occur. A 20-min pause was made prior to each
agent, to ensure proper baseline measurements. During FBF
measurements, circulation to the hands was occluded by infla-
tion of the wrist cuffs to 200 mmHg, thus excluding contribu-
tion of skin flow as much as possible. The upper arm cuffs are
repeatedly inflated by a Hokanson rapid cuff inflator
(Hokanson, Bellevue, USA) to a pressure of 40 mmHg to oc-
clude venous return for 10 s during FBF registration. The total
procedure takes approximately two and a half hours. Patients
with insufficient increase in forearm blood flow to acetylcho-
line (< 100% increase from baseline) were excluded from fur-
ther participation. In all others, this procedure was repeated as
soon as possible after detection of reactivation of RA activity. In
those who did not experience a flare of the disease, the proce-
dure was repeated 6 months after randomization.

Serum lipids and glucose

At the beginning of visits 1 and 2, plasma was sampled for
routine biochemistry (serum glucose, lipid profile).

Sample size calculation and statistical analysis

According to protocol, our predefined primary endpoint anal-
ysis was the interaction between TNFi withdrawal and the
vasodilator response to acetylcholine expressed as difference
in forearm vasodilator response between the withdrawal group
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and the continuing group. A similar analysis for the vasodila-
tor response to SNP was predefined as the secondary endpoint
analysis. Based on the primary analysis, we performed a pow-
er calculation using data in RA patients on the effect of intra-
arterial infliximab infusion on endothelial function as pub-
lished by Cardillo et al. [7]. They observed a significant in-
crease in FBF response to intra-arterial infliximab from 14.2 ±
9.2 to 21.0 ± 11.1 ml/dl forearm/min to the highest dose of
acetylcholine in patients with rheumatoid arthritis. To detect a
similar sized effect of TNFi discontinuation on the vasodilator
response to ACh and assuming similar SDs as observed by
Cardillo et al., we calculated that approximately 20 evaluable
patients are required in each study arm for 80% power and
two-sided testing at alpha = 0.025 (adjusted for repeated test-
ing of the two highest doses separately). We were able to
recruit 35 patients: 6 evaluable patients in the continuation
study arm and 22 patients in the discontinuation study arm

(see Fig. 1). We decided to analyse whether vascular dysfunc-
tion coincides with a rheumatological, i.e. clinical flare after
discontinuation of TNFi therapy. The continuation arm was
analysed descriptively only because of the small number of
evaluable patients in this arm. The discontinuation arm was
analysed separately for those who experienced a flare (n = 14)
and those who did not (n = 8). The vasodilator response was
expressed as the percentage change in flow ratio (FBF-infused
arm/FBF control arm, averaged for each simultaneous bilater-
al measurement during the last 2 min of each vasodilator dose)
from baseline. In each of these two groups, the vasodilator
response to ACh and SNP was compared between baseline
(visit 1) and follow-up (visit 2) using a repeated measures
ANOVAwith visit and vasodilator dose as within-subject fac-
tors. A two-sided p value < 0.05 was considered to indicate
statistical significance. Results are expressed as mean ± SE
unless indicated otherwise.

Assessed for eligibility (n= 41) 

Excluded  (n= 6), refused informed  

consent

Analysed  (n= 6)

Excluded from analysis (give reasons) (n=0)  

Lost to follow-up (give reasons) (n= 2).  

Light-headedness during last part of first intra-

arterial experiment (subject 14)

Personal circumstances after first visit (subject 

23)

Discontinued intervention (give reasons) (n=0)

Allocated to continuation of anti-TNF-alpha  

therapy (n=8)

Received allocated intervention (n=8)

Lost to follow-up (give reasons) (n= 4)

Could not comply to instructions during first 

intra-arterial experiment, withdrawn from study 

(subject 10)

Withdrawn from study after first i.a. experiment 

because of holiday (subject 25)

Did not respond to our invitations after first 

experiment (subject 29)

Restart anti-TNF therapy before second i.a. 

experiment. (subject 31) 

Allocated to intervention (n= 27)

Received allocated intervention (n=27)

Analysed  (n= 22: 8 flared, 14 did not*)

Excluded from analysis (give reasons) (n= 1); 

measurements on 2nd visit not successful  in 1 

patient who did not flare because of technical 

failure.

*One patient had an increase in DAS28 that 

was entirely driven by number of painful joints. 

VAS, ESR and CRP did not change relevantly. 

This patient was classified as ‘no flare’.

Allocation

Follow-Up

Randomized (n= 35)

Enrollment

Analysis

Fig. 1 CONSORT flow diagram
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Results

Patient recruitment and characteristics

Patients were recruited from five Dutch hospitals:
RadboudUMC Nijmegen (n = 24), St. Maartenskliniek
Nijmegen (n = 1), Rijnstate Hospital Arnhem (n = 6),
Medisch Spectrum Twente Enschede (n = 2), Maasstad

Hospital Rotterdam (n = 2). In total, 41 patients in these hos-
pitals who participated in the POEET trial were found to be
potential candidates for our study. Thirty-five of these provid-
ed informed consent. After randomisation and follow-up, 6
patients were evaluable in the continuation study arm and 22
patients were evaluable in the discontinuation study arm (see
Fig. 1 for CONSORT flow diagram). All evaluable patients
were Caucasian. Baseline characteristics and follow-up data

Table 1 Demographic and clinical data of the study groups

TNF continued TNF discontinued

No flare Flare No flare

N 6 8 14
Age (year; mean ± SD) 61 ± 11 62 ± 6 52 ± 17
Gender (male/female) 1/5 4/4 8/6
Height (cm; mean ± SD) 168.0 ± 5.9 175.5 ± 6.5 175.3 ± 8.4
Weight (kg; mean ± SD) 76.2 ± 16.6 74.5 ± 7.8 78.0 ± 28.5
SBP (mmHg; mean ± SD) 129 ± 6 131 ± 10 132 ± 13
DBP (mmHg; mean ± SD) 78 ± 9 78 ± 7 79 ± 8
HR (bpm; mean ± SD) 66 ± 6 68 ± 10 69 ± 11
Duration of RA (year ± SD) 14.2 ± 7.9 8.6 ± 4.7 9.4 ± 9.2
Rheumatoid factor positive (N) 6 (100%) 6 (75%) 6 (42.9%)
ACPA/aCCP positive (N) 4 (66.7%) 5 (62.5%) 6 (42.9%)
Erosive (N) 3 (50%) 4 (50%) 8 (57.1%)

Visit 1 Visit 2 Visit 1 Visit 2 Visit 1 Visit 2
Total cholesterol (mmol/l; mean ± SD) 5.95 ± 0.64 5.05 ± 1.24 5.17 ± 0.85 5.09 ± 1.18 515 ± 1.16 5.18 ± 1.44
Triglycerides (mmol/l; mean ± SD) 1.30 ± 0.37 1.50 ± 0.48 1.10 ± 0.25 1.07 ± 0.43 1.99 ± 1.23 1.73 ± 0.90
HDL cholesterol (mmol/l; mean ± SD) 1.60 ± 0,07 1.41 ± 0.39 1.46 ± 0.15 1.45 ± 0.17 1.13 ± 0.32 1.35 ± 0.40
LDL-cholesterol (mmol/l; mean ± SD) 4.01 ± 0.46 2.95 ± 0.96 2.95 ± 0.86 3.15 ± 1.01 3.31 ± 1.09 3.36 ± 0.98
Glucose (mmol/l; mean ± SD) 5.6 ± 0.7 5.1 ± 0.5 5.3 ± 0.4 5.2 ± 0.5 5.3 ± 0.3 5.2 ± 0.7
ESR (mm/h; mean ± SD) 6 ± 3 6 ± 3 9 ± 7 16 ± 7 11 ± 11 10 ± 12
CRP (mg/l; mean ± SD) 2 ± 3 4 ± 7 4 ± 4 13 ± 10 3 ± 4 4 ± 4
Number of swollen joints (mean and range) 1.5 (0–3) 0.5 (0–1) 0.6 (0–2) 5.4 (0–14) 0.9 (0–3) 1.4 (0–4)
Number of painful joints (mean and range) 0 (0–0) 0.5 (0–3) 0.8 (0–4) 5.6 (3–14) 0.9 (1–5) 1.7 (0–8)
Pain score (VAS 0–100; mean ± SD) 27 ± 22 30 ± 25 15 ± 13 51 ± 28 26 ± 19 27 ± 19
DAS28 (mean ± SD) 1.81 ± 0.71 1.93 ± 0.70 2.00 ± 1.03 4.36 ± 0.97 1.93 ± 0.98 2.30 ± 1.29a

TNFi therapy
Adalimumab (N) 1 (16.7%) 1 (16.7%) 2 (25.0%) – 8 (57.1%) –
Certolizumab (N) 0 (0%) 0 (0%) 1 (12.5%) – 0 (0%) –
Golimumab (N) 0 (0%) 0 (0%) 0 (0%) – 2 (14.3%) –
Etanercept (N) 4 (66.7%) 4 (66.7%) 4 (50.0%) – 4 (28.6%) –
Infliximab (N) 1 (16.7%) 1 (16.7%) 1 (12.5%) – 0 (0%) –
Co-medication
ACE inhibitors (N) 1 (17.7%) 1 (17.7%) 0 0 1 (7.1%) 1 (7.1%)
Ang II antagonists (N) 1 (17.7%) 1 (17.7%) 1 (12.5%) 1 (12.5%) 1 (7.1%) 1 (7.1%)
Diuretics (N) 1 (17.7%) 1 (17.7%) 1 (12.5%) 1 (12.5%) 0 0
Calcium antagonists (N) 0 0 0 0 4 (28.6%) 4 (28.6%)
Beta-blockers (N) 0 0 1 (12.5%) 1 (12.5%) 1 (7.1%) 1 (7.1%)
Statins (N) 2 (33.3%) 2 (33.3%) 3 (37.5%) 3 (37.5%) 2 (14.3%) 2 (14.3%)
Nitrates (N) 0 0 2 (25.0%) 2 (25.0%) 1 (7.1%) 1 (7.1%)
Aspirin (N) 1 (17.7%) 0 2 (25.0%) 2 (25.0%) 1 (7.1%) 1 (7.1%)
Prednisone (N) 1 (17.7%) 1 (17.7%) 2 (25.0%) 5 (62.5%) 0 0
Hydroxychloroquine (N) 0 0 1 (12.5%) 1 (12.5%) 5 (35.7%) 5 (35.7%)
Leflunomide (N) 0 0 0 0 2 (14.3%) 2 (14.3%)
NSAIDs (N) 0 0 4 (50.0%) 6 (75.0%) 6 (42.9%) 6 (42.9%)
Sulfasalazine (N) 1 (17.7%) 1 (17.7%) 0 0 1 (7.1%) 1 (7.1%)
Methotrexate (N) 3 (50.0%) 3 (50.0%) 8 (100%) 8 (100%) 8 (57.1%) 8 (57.1%)
Proton pump inhibitors (N) 2 (33.3%) 2 (33.3%) 4 (50.0%) 4 (50.0%) 7 (50.0%) 8 (57.1%)

Serum lipids and glucose were determined with the patients in fasting condition
a One subject with high VAS28 score fully driven by number of painful joints (similar erythrocyte sedimentation rate, VAS global pain score and number
of swollen joints as compared with visit 1)
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of the study group are provided in Table 1. None of the pa-
tients who continued TNFi therapy experienced a flare of their
disease during the 6-month follow-up. The patients without
reactivation did not change their medication between the two
visits. In the eight patients with reactivated flaring RA, three
patients started prednisone and two other patients added an
NSAID to the medication prior to visit 2. In all patients who
flared, visit 2 occurred within 1 week after the start of
symptoms.

Adverse events

In one patient, a 52-year-old male whose RA flared 3 months
after TNFi cessation, unexplained weight loss of 5 kg oc-
curred in the 3 months between his two experimental visits.
Arthritis-related complaints in five of the eight patients whose
RA flared after cessation of TNFi therapy prompted their
treating rheumatologist to alter medication prior to the second
vasodilator function measurements. In two patients, an
NSAID was started while in three other patients, therapy with

corticosteroids was initiated. Otherwise, no adverse events
were recorded in this trial.

Plethysmography

Figure 2 shows the forearm vasodilator responses to ACh and
SNP in all three groups. Due to the small sample size, standard
errors in the continuation group are high and limit the inter-
pretation of the results obtained from this group. As far as
available, these data do not suggest an increase in vasodilator
response to ACh or SNP over time in the patients who con-
tinued TNFi therapy. In the patients who discontinued TNFi
therapy, the vasodilator response to ACh and SNP was similar
for both visits in those patients in whomRA did not reactivate.
However, the vasodilator responses to both ACh and SNP
were significantly, and, to a similar extent, reduced in patients
in whom RA reactivated. Baseline response to ACh or SNP
did not significantly differ between those who flared and those
who did not (p > 0.1 for ACh and SNP).

Fig. 2 Vasodilator response to
sodium nitroprusside (SNP) and
acetylcholine (ACh). Continued
line: visit 1; broken line: visit 2
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Serum lipids and glucose

Serum lipid and glucose values are provided in Table 1. No
relevant changes after interruption of TNFi therapy were
observed.

Discussion

This study is the first to explore the effect of cessation of TNFi
therapy on vascular function in humans in vivo in a
randomised manner in established RA. The main finding is
that cessation of TNFi therapy in patients with stable and well-
controlled established RA results in reduced vasodilator func-
tion but only in those patients who develop a flare, i.e. reacti-
vation of their RA as detected with the DAS28 score and not
in all RA patients who stop TNFi. This finding supports the
validity of the DAS28 score for common follow-up to detect
patients with early vascular injury who need additional anti-
inflammatory therapy to prevent cardiovascular damage. The
second new observation is that vasodilator dysfunction can be
detected shortly after (within 1 week) reactivation of RA.
Thus, the vascular impact of RA-related systemic inflamma-
tion occurs already early after onset of reactivation of the
inflammatory disease. This is in contrast to the negative study
in DMARD-naïve early RAwhere microvascular function of
the skin was similar in the RA versus the control group [7].
Partly, this may be due to difficulty of measuring alterations in
highly fluctuating temperature-dependent microvascular skin
function. The forearm vasodilator model is less fluctuating,
more stable and well equipped to measure alterations In RA
when TNF inhibitors are initiated [8–11]. This model is capa-
ble to demonstrate vascular dysfunction particularly
acetylcholine-dependent dilatation which is dysfunctional ear-
ly in newly diagnosed RA, and has been shown to be revers-
ible with successful anti-inflammatory therapy [6].

Finally, early derailment in vasodilator function during a
flare of established RA-induced systemic inflammation is
characterised by a reduced vasodilator response to both ACh
and SNP, indicating that the origin of this disturbance is not
predominantly located in the endothelial cell but is located in
the vascular smooth muscle cell or the extracellular matrix of
the microvascular wall.

Taken together, these findings imply that the observed early
vascular dysfunction is not specifically mediated by with-
drawal of TNFi therapy but needs a systemic inflammatory
response to occur, probably involving a set of inflammatory
cytokines and cells. This implication is supported by previous
evidence that not only TNFi therapy but also methotrexate is
able to reduce cardiovascular events in patients with RA.

In conclusion, these observations indicate that (1) micro-
vascular injury in patients with RA occurs early after reacti-
vation of the disease and is probably a consequence rather

than a cause of increased disease activity in patients with
rheumatoid arthritis who interrupt their TNFi therapy.
Furthermore, (2) this microvascular injury primarily involves
vascular smooth muscle cells, as opposed to endothelial cells.
Finally, (3) these findings imply that during follow-up, close
monitoring of disease activity and maintenance of disease
remission using DAS28 is necessary to prevent microvascular
injury in patients with RA who stop their TNFi therapy.
Whether this also goes for TNFi, tapering needs investigation
before safety of the taper strategy can be claimed. Whether
this approach with close monitoring is sufficient to prevent
cardiovascular events in patients with RA who taper or stop
TNFi needs further prove in a trial with cardiovascular events
as the primary outcome.
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