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AbsTRACT
background: Patients with rheumatoid arthritis (RA) have increased cardiovascular 
disease (CVD) risk which has been attributed to the chronic systemic inflammation. 
Anti-inflammatory regimens have proven to effectively decrease RA disease activity, but 
the effect on inflammatory activity in the (atherosclerotic) arterial wall remains elusive. 
Using MRI and FDG-PET/CT to measure artery wall dimensions and inflammation, we 
evaluated the atherogenic process in RA patients in remission during either MTX or 
MTX/anti-TNF combination therapy.

Methods: We included 24 RA patients in remission after biological therapy, of whom 
15 used methotrexate only (MTX) and 9 required continued MTX and anti-TNF 
combination therapy to remain in remission. In addition, 19 age- and sex-matched 
controls as well as 14 patients with cardiovascular disease were included. We assessed 
atherosclerotic burden and arterial wall inflammation by carotid arterial wall dimensions 
with MRI assessed as normalized wall index (NWI) and PET/CT assessed as target-to-
background ratio (TBR).

Results: NWI in RA patients was higher compared to controls (0.40 ± 0.04 vs 0.32 ± 
0.03; p < 0.001), albeit it was smaller than that observed in CVD patients (0.51 ± 0.05; 
p < 0.001 vs all other). FDG uptake on PET/CT was significantly higher in RA patients 
using biologicals (n=9) compared to those using MTX only (n=7) (TBR MTX 1.52 ± 0,16 
vs anti-TNF 1.93 ± 0.37; p = 0.046), despite comparable RA disease activity scores 
(DAS MTX 1,39 [1,31-1,54] vs anti-TNF 1,59 [1,46-2,72]; ns). 

Conclusions: Remissive RA patients in need of continued biological therapy are 
characterized by an increased inflammatory activity in the arterial wall, compared 
to the absence of inflammatory activity in remissive RA patients requiring MTX only. 
This local pro-inflammatory activity of the atherosclerotic arteries in remissive RA 
patients requiring biological implies a persistent pro-atherogenic state, reinforcing 
the need for optimal CV-prevention notwithstanding the clinical remission achieved 
in these patients. 

90



6

InTRoDuCTIon
Patients with rheumatoid arthritis (RA) have an increased cardiovascular disease (CVD) 
risk, clinically translated in a CV-age 10 years higher than age-matched subjects from 
the general population [1]. Apart from the traditional risk factors for CVD [2], chronic 
and systemic inflammation has been suggested to play a causal role in this increased 
risk [3], since a direct role for arterial wall inflammation has been demonstrated at least 
during active stages of the disease [4]. Improvements in therapeutic interventions 
following the introduction of immune modulating biological therapies have led to 
lower disease activity and disability in RA [5,6]. The decrease in RA related systemic 
inflammation has however not translated into a significant benefit in cardiovascular 
comorbidity yet [7–9]. Conversely, short-term treatment with anti-tumor necrosis 
factor-α (anti-TNF α) therapy has been shown to reduce the inflammatory activity in the 
vessel wall in RA patients [10]. However, it remains to be elucidated whether long-term 
disease remission abolishes the increased inflammatory activity in the arterial wall and 
the concomitant excess cardiovascular risk in patients with RA. 

Since clinical endpoint studies require long follow-up and cardiovascular risk 
algorithms are only applicable in large cohorts, CVD risk has been estimated in vivo 
based on the use of surrogate markers for CVD. Presence of vessel wall atherosclerosis 
as product of inflammation in the vessel wall by measuring by measuring IMT using 
ultrasonography has been substituted by magnetic resonance imaging (MRI). The use of 
MRI allows high resolution imaging and measurement of arterial wall dimensions of an 
entire artery of interest, mostly the carotid artery [11,12]. More recently, 18F-fluorodeoxy-
glucose positron emission tomography (18FDG-PET) combined with x-ray computed 
tomography (CT) has increasingly been used to assess arterial wall inflammatory activity 
in the carotid artery and aortic arch as well [13]. In addition to the MRI-derived vessel 
wall dimensions, FDG-PET/CT has further improved CVD risk prediction [14]. 

In the current study we aim to assess the structural and functional artery wall 
properties in subjects with RA in remission for at least 6 months following effective 
therapy. To this end, we measured vessel wall dimensions using MRI and vessel wall 
inflammation using FDG-PET/CT. The combination of these modalities allows superior 
assessment of CVD risk in RA compared to healthy control subjects and patients 
with a history of CVD. In addition, we dissect the effects on arterial wall dimensions 
and inflammation in subjects with RA in remission dependent and independent of 
anti-TNFα therapy to maintain RA-remission. 

METHoDs
Study population
In the present study we compared atherosclerotic burden between subjects with 
remissive RA, matched healthy subjects and subjects with overt cardiovascular 
disease, all over 18 years of age. Subjects with RA in remission were referred from 
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the outpatient clinic of the department of clinical immunology and rheumatology at 
the Academic Medical Center in Amsterdam, The Netherlands. Inclusion criteria were: 
Disease activity score (DAS28; disease activity score in 28 joints [15]) below 2.7 for 
more than 6 months and presence of RA for more than 2 years. Patients not treated 
with immune-modulating biological agents (anti-TNF α therapy, interleukin blockers 
and T/B-cell inhibitors) were selected as being ‘remissive’ due to biological agent 
treatment in the past, ceased for at least 6 months or more. Exclusion criteria were 
medical history of cardiovascular diseases and the use of lipid-modifying medication 
and a body mass index of 30 and above.

Control subjects and subjects with overt cardiovascular disease were selected from 
a historical cohort at the department of Vascular Medicine at the Academic Medical 
Center in Amsterdam, The Netherlands. Healthy volunteers were matched for age 
and gender. Subjects with overt cardiovascular disease had a history of myocardial 
infarction and were on standard guideline prevention treatment, including lipid-
modifying therapy.

Written informed consent was obtained from all subjects after explanation of the 
study. The study was approved by the institutional review board of the Academic 
Medical Center of the University of Amsterdam, The Netherlands and carried out 
according to the Declaration of Helsinki.

Patient baseline data collection and parameters of Rheumatoid 
Arthritis
All subjects visited the hospital for baseline assessment of their RA and cardiovascular 
risk profile. After an overnight fast, blood was collected for baseline laboratory 
investigations. Basal fasting glucose, HbA1c, total cholesterol, HDL and LDL 
cholesterol, triglycerides and a haematology panel were assessed in fasting plasma 
using standard laboratory procedures. Highly sensitive C-reactive protein (CRP), 
was determined using a commercialized immunoturbidimetric analysis. Physical 
examination including blood pressure was performed and medical- and family history 
was recorded.

Disease severity using DAS28 (disease activity score in 28 joints) [15] was recorded. 
Most recent ultrasound (US) data was collected from the AMC stop study, assessing 
joint damage. 

MR Imaging
MRI scans were obtained on a 3.0 Tesla whole-body scanner (Intera, Philips Medical 
Systems, Best, The Netherlands), using an 8 channel dedicated bilateral carotid artery 
coil (Shanghai Chenguang Medical Technologies, Shanghai, China). Positioning of 
the image stack was performed using axial magnetic resonance angiography images 
acquired with a time of flight (TOF) sequence covering the carotid arteries at both 
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sides (field of view (FOV) 10 x 10 cm, 40 slices of 2 mm thickness). A stack of ten 3mm 
thick T1 weighed slices then was scanned with the top slice 6-8mm below the carotid 
bifurcation. Region of interest for vessel wall dimension measurement was performed 
at a standardized section of the common carotid artery. Images were saved according 
to the DICOM protocol. Standardized equipment and protocols were used for image 
storage and data management.

Quantitative image analyses were performed using dedicated measurement 
software (VesselMass, Leiden University Medical Center, Leiden, The Netherlands). 
Readers were blinded for patient characteristics and scan session. Normalized wall 
index (NWI = mean wall area/outer wall area), lumen area (LA, mm2), outer wall area 
(OWA, mm2), mean wall area (MWA, mm2), mean wall thickness (MWT, mm) and were 
measured or calculated as described previously [12].

18F-FDG PET-CT imaging
18F-FDG PET/CT imaging was performed in all RA patients and healthy controls. 
Scans were made using a Gemini time-of-flight multi-detector helical PET/CT scanner 
(Philips, Best, the Netherlands) as previously described [16]. Briefly, after fasting at least 
6 hours, 250 MBq of FDG (6 mCI) was injected intravenously and allowed to circulate 
for 90 minutes, allowing uptake into metabolically active tissues. After unenhanced CT 
scans for attenuation correction and anatomic co-registration, PET data were acquired 
in 3-dimensional mode, covering the left and right common carotid arteries with the 
use of VUE Point FX time-of-flight reconstruction. The estimated dose of radiation per 
patient was 9.8 mSv per scan.

PET/CT images stripped of metadata were analyzed at the core laboratory by 
blinded experienced readers using OsiriX (Geneva, Switzerland; http://www.osirix-
viewer.com). FDG uptake was assessed in the arterial wall of the left and right carotid 
artery. In each artery 5 ROIs were drawn, delineating the arterial wall. Maximum 
standardized uptake values (SUV) were averaged for each artery. The target-to-
background-ratio (TBR) was calculated from the ratio of maximal arterial SUV and 
mean venous background activity (within the superior caval vein (correction for 
aorta) and the jugular vein (correction for carotids)), in line with previously described 
methods [16]. 

Statistical analysis
All data analysis was performed using SPSS Statistics (version 21, Armonk, USA) 
Continues variables were tested for normality of distribution using a Shapiro-Wilk 
test and are presented as mean ± SD or medians with inter quartile range [IQR] 
unless stated otherwise. Independent samples t-tests were used for the comparison 
of parameters between groups, with the exception of skewed data, where a Mann-
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Whitney U test were used. A two-sided P-value below 0.05 was considered statistically 
significant.

REsuLTs
Baseline characteristics of all patients
29 Patients with remissive RA were screened for participation. 4 Patients were excluded 
due to the presence of other cardiovascular risk factors, 1 patient was excluded for 
receiving anti-TNFα therapy without having active arthritis. The 24 included subjects 
were compared to 19 healthy control subjects matched for age, gender and BMI. For the 
MRI study, 14 matched subjects with overt CVD were selected from an existing cohort.

No differences were found in age, gender distribution and BMI. Baseline laboratory 
investigation (including, kidney function) were comparable between all groups. LDL 
cholesterol was increased in RA subjects, as has been previously reported [17]. Systolic 
and diastolic blood pressures were also higher in both RA and CVD subjects, as 
expected from previous findings (Table 1A) [18].

Baseline disease characteristics of RA patients
Of the 24 included patients, 15 had successfully discontinued their anti-TNF α 
therapy for 6 months or longer without disease relapse (average disease activity score 
1.67±0.55). The groups where not different in age, gender, BMI and lipid levels. In 
concordance with previous literature [19], the group still requiring anti-TNF α therapy 
had significantly longer disease duration, as well as active disease years (See Table 1B).

MRI measured coronary artery wall dimensions
Average common carotid artery wall dimensions as measured by normalized wall index 
(NWI), mean wall thickness (MWT), and mean wall area (MWA) were significantly larger 
in patients with RA in remission, compared to control subjects, but smaller compared 
to subjects with overt CVD: NWI: Control 0.32 ± 0.03, RA (all) 0.40 ± 0.04 (p < 0.001 
vs control), CVD 0.51 ± 0.05 (p < 0.001 vs all other groups)) (figure 1). MWA: Control 
0.15 ± 0.05 , RA 0.21 ± 0.06 (p = 0.004 vs control), CVD 0.38 ± -0.13 (p < 0.001 vs all 
other groups), MWT: Control 0.68 ± 0.15, RA 0.93 ± 0.17 (p < 0.001 vs control), CVD 
1.4±0.31 (p<0.001 vs all other groups). (Supplementary figure 1) No differences were 
observed between the subjects on MTX only and those requiring continued anti-TNFα 
therapy (NWI: 0.43 ± 0.03 versus 0.40 ± 0.04 p = 0.067) (figure 1). 

FDG-PET/CT measures
In both subgroups of RA patients, as well as the control subjects, arterial wall 
inflammation was assessed with FDG-PET CT. No differences in TBRmax were found 
between RA patients and control subjects (data not shown). In contrast, when comparing 
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Table 1A. Baseline characteristics of the study cohort

A: Control 
subjects
(n=16) 

b: RA 
remission All
(n=24)

C: CvD 
patients
(n=14)

P-value
A vs b

P-value
b vs C

Age at visit (years) 57 ± 4 57 ± 9 61 ± 8 ns ns

Gender male (in %) 13% 17.2% 14% ns ns

BMI (kg/m2) 24.0 ± 2.3 26.4 ± 5.0 26.6 ± 4.8 0.049 ns

Currently smoking 10.5% 17.2% 35.7%

Hypertension 6.2% 34.5% 85%

Diabetes 0% 0% 50%

Systolic BP (mmHg) 128.6 ± 15.6 149.8 ± 20 136.5 ± 19.3 <0.001 0.039

Diastolic BP (mmHg) 77.1 ± 9.6 90.1 ± 11.28 83.0 ± 7.4 <0.001 0.046

CRP (mmol/L) 2.30 ± 4.47 1.8 ± 1.8 1.32 ± 1.92 ns ns

Total cholesterol (mmol/L) 5.55 ± 0.85 5.8 ± 0.9 5.62 ± 2.08 ns ns

LDL-cholesterol (mmol/L) 3.49 ± 0.70 4.1 ± 1 3.85 ± 2.00 0.007 ns

HDL-cholesterol (mmol/L) 1.72 ± 0.39 1.5 ± 0.5 1.49 ± 0.57 ns ns

Triglycerides (mmol/L) 0.95 ± 0.35 1.4 ± 0.5 1.33 ± 0.56 0.001 ns

Data are presented as mean ± SD. ns = not statistically significant, BMI = body mass index, BP 
= blood pressure.

Table 1b. Baseline characteristics of the patients with Rheumatoid Arhtritis

MTX (15) Anti-TnF α (9) P-value

Age (years) 57±11 58±8 ns

Gender male (%) 13 (N=2) 22 (N=2) ns

BMI (kg/m2) 24.8 ± 4.4 28.2 ± 5.7 ns

Systolic BP 144 ± 20 156 ± 22 ns

LDL cholesterol (mmol/L) 3.9 ± 0.9 4.0 ± 0.92 ns

DAS 28 1.39 [1.31-1.54] 1.59 [1.46-2.72] ns

CRP (mmol/L) 1.7 ± 2.0 1.4 ± 1.0 ns

RA disease duration (months) 94 [48-109] 150 [102-199] 0.083

Active RA duration (months) 46 [21-71] 109 [71-173] 0.019

Data are presented as mean ± SD or median [95% confidence interval] ns = not statistically 
significant, BMI = body mass index, BP = blood pressure, DAS 28 = disease activity score in 
28 joints, RA = rheumatoid arthritis

RA subgroups, the mean of TBRmax in the aorta (AA) as well as the common carotid 
arteries (CC) was significantly higher in RA patients on anti-TNF therapy compared to 
patients with MTX only (AA: 2.55 ± 0.49 versus 1.96 ± 0.21, p = 0.020; CC: 1.93 ± 
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Figure 1. Vessel wall dimensions expressed as normalized wall index (NWI).
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Figure 1. Vessel wall dimensions expressed as normalized wall index (NWI).
In the left panel, RA patients are divided into therapy of methotrexate (MTX) with or without 
the use of anti-TNF α and compared to control subjects (control) and patients with overt 
cardiovascular diseases (CVD). Data are presented as mean ± SD (whiskers). In the right panel, 
RA patients are displayed together (RA (all)). 

Figure 2. Artery wall inflammation
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Figure 2. Artery wall inflammation.
Arterial wall inflammation is expressed as mean maximum target-to-background ratio (TBR(max)) 
and as TBR of the most diseased section of the artery (TBR(MDS)). Data of the carotid arteries 
are displayed in top panels, data of aorta below. RA patients are divided into therapy of 
methotrexate (MTX) with or without the use of anti-TNF α (anti-TNF) and compared to control 
subjects (control). Data are presented as mean ± SD (whiskers).
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0.37 versus 1.52 ± 0.16, p = 0.046). (Figure 2, left panels). The mean TBRmax in the 
most diseased segment (MDS) showed the same pattern for all segments (AA: 2.60 
± 0.52 versus 2.01 ± 0.24, p = 0.029; CC: 2.04 ± 0.38 versus 1.58 ± 0.18, p = 0.037). 
(Figure 2, right panels)

DIsCussIon
In the present study we show that despite a persistent remission of RA, structural 
changes to the vessel wall are present in RA patients compared to healthy controls. 
In remissive RA patients requiring persistent biological therapy, the arterial wall 
inflammation measured by FDG-PET/CT was significantly increased compared to 
age and sex-matched controls. In contrast, arterial wall inflammation in remissive RA 
patients using only MTX was comparable to that in control subjects. These data imply 
that the continued need for biological therapy to maintain remission in RA points 
towards a persistent inflammatory drive, with a concomitant increased inflammatory 
state in atherosclerotic arterial walls. 

MRI measured carotid artery wall dimensions
The increased arterial wall dimensions in RA compared to control subjects are in line 
with published data, indicating that cumulative inflammatory burden contributes to 
the development of carotid atherosclerosis through a synergistic interaction with 
conventional CVD risk factors in patients with RA [20]. The early and stringent use of 
potent anti-inflammatory drugs such as the anti-TNF α therapy was thought to prevent 
the onset of structural arterial wall abnormalities altogether [21]. In fact, anti-TNF 
therapy has even been reported to regress arterial wall dimensions in RA [22,23], most 
likely reflecting a decrease of the inflammatory burden within atherosclerotic lesions. 
However, notwithstanding the fact that artery wall dimension was smaller than those 
observed in CVD-patients, there was still a significant elevation compared to healthy, 
age-matched control subjects. Based on the MRI image only, it is not feasible to dissect 
whether this reflects damage which occurred during active disease only, or whether RA 
is characterized by a long-lasting, low-grade pro-inflammatory reaction, which persists 
even during clinical RA-remission. In support of the former, the vessel wall dimension 
correlated to the years of active RA-disease, supporting the concept that the dimension 
increase may represent predominantly damage due to ‘old’ atherogenic stimuli.

FDG-PET/CT measured carotid artery wall inflammation
To dissect ‘historical’ versus ongoing inflammatory activity, we also performed 
FDG-PET/CT in those patients who consented. In the overall RA group, there was 
no significant difference in TBR signal compared to controls. However, TBR was 
significantly increased in RA patients requiring persistent biological treatment to 
maintain the remissive state. In contrast, TBRs in remissive RA patients using MTX only 
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were comparable to those observed in controls. These data indicate that RA patients 
requiring biological maintenance therapy still have active ongoing inflammation within 
their artery walls, which implies an increased cardiovascular risk in these patients 
[14]. The increased inflammatory activity of the artery wall in remissive patients 
using potent anti-inflammatory treatment may, at first glance, seem counter-intuitive. 
Thus, treatment with anti-TNF therapy has been shown to potently attenuate the 
inflammatory disease activity in joints affected by RA [24] as well as reduce the pro-
inflammatory activity in the arterial wall of RA patients [25]. Our present observation 
that remissive RA patients on MTX only have lower TBR compared to those requiring 
persistent biological treatment imply a persistent pro-inflammatory drive in these 
patients, which leads to inflammatory activity in the atherosclerotic arterial wall.

From a pathophysiologic standpoint, studies have emerged to support the 
persistence of a systemic inflammatory drive in subgroups of RA patients. Thus, 
a certain level of joint destruction has been suggested to elicit a prolonged, 
inflammatory state. Van Vollenhoven et al speculated that this observation may be 
explained by differences in synovial tissue mass. Thus, if joint damage progresses 
beyond a ‘certain’ stage, epigenetic changes in the damaged synoviocytes may result 
in autonomous disease progression [26]. Underlining this concept is the observation 
that immunological markers, such as CD4+ T cells, are predictive of relapse, 
suggesting that chronic inflammation changes the phenotype of inflammation-related 
cells (IRCs) [27]. In view of recent data, it is likely that these ‘local’ stimuli contribute to 
a systemic pro-inflammatory phenotype of circulating mononuclear cells, which have 
a greater likelihood of transmigrating towards other affected areas in the body, such 
as atherosclerotic plaques. The ensuing higher level of inflammation in the vessel 
walls of these patients may thus reflect accumulation of the mononuclear cells in the 
arterial wall, which has previously been shown to correlate to arterial wall inflammation 
measured with PET/CT [28]. In this scenario, it seems imperative to start aggressive 
immune-therapy early in order to prevent joint destruction at an early stage [19,29–31].

Study limitations
The group size of RA patients was limited. At present, the group size is being 
expanded to further substantiate the intriguing difference in PET/CT activity in RA 
patients with and without anti-TNF therapy. In the ongoing experiments, phenotyping 
of circulating monocytes occurs to further unravel the contribution of monocyte hyper-
responsiveness as a causal mechanism for arterial wall inflammation. 

ConCLusIon
In the present study we substantiate a significantly increased artery wall dimension 
in patients with RA. Notwithstanding clinical remission in all RA patients studied, we 
show persistent arterial wall inflammation in remissive RA patients requiring persistent 
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biological therapy. The increased inflammatory activity in the arterial wall implies a 

persistent pro-inflammatory drive in these patients, the mechanism of which needs 

further evaluation. Since inflammatory activity in the atherosclerotic wall has been 

associated with an increased CV-risk, our data suggest that remissive RA-patients 

requiring continued biological therapy also deserve optimal CV-preventive treatment. 
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6

suPPLEMEnTARy DATA 

supplementary table 1. Scan parameters for 3T imaging of the carotid artery.

Parameters black-blood T1w black-blood PDw bright blood ToF

Sequence TSE TSE FFE

ECG gating Yes, end diastole Yes, end diastole Yes, gate delay 200 ms

Image mode 2D 2D 2D

Scan plane Axial Axial Axial

TR (ms) 1 heart beat 2 heart beats 35

TE (ms) 8 8 7

ETL 8 12 -

FOV (mm) 60 x 60 60 x 60 60 x 60

Matrix size 240 x 240 240 x 240 240 x 240

Resolution (mm) 0.25 x 0.25 0.25 x 0.25 0.25 x 0.25

Slice thickness (mm) 2 2 2

Flip angle 90 90 20

Number of slices 8 8 8

Blood suppression DIR DIR Inflow suppression 
(veins)

Fat suppression SPAIR SPAIR -

NEX 1 1 1

Scan time (minutes)* 4.4 6.6 2

TSE = turbo spin-echo, FFE = fast field echo, FOV = field of view, DIR = double inversion 
recovery, NEX = number of excitations. * Scan times at heart rate of 60 min-1
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6 supplementary figure 1. Vessel wall dimensions expressed as mean wall area (MWA) and mean 
wall thickness (MWT).
RA patients are divided into therapy of methotrexate (MTX) with or without the use of anti-TNF 
α (anti-TNF) and compared to control subjects (control) and patients with overt cardiovascular 
diseases (CVD). Data are presented as mean ± SD (whiskers).
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RA patients are divided into therapy of methotrexate (MTX) with or without the use of 

anti-TNF α (anti-TNF) and compared to control subjects (control) and patients with 

overt cardiovascular diseases (CVD). Data are presented as mean ± SD (whiskers). 

  

102


