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Background: Increased cardiovascular morbidity has 
become a leading cause of mortality in rheumatoid 
arthritis (RA). Tumor necrosis factor-alpha (TNFα) inhibitors 
may influence flow-mediated vasodilation (FMD) of the 
brachial artery, common carotid intima-media thickness 
(ccIMT) and arterial stiffness indicated by pulse-wave 
velocity (PWV) in RA. 
Objectives: To assess the effects of adalimumab treatment 
on FMD, ccIMT and PWV in early RA. 
methods: Eight RA patients with a disease duration ≤ 1 
year received 40 mg adalimumab subcutaneously every 
2 weeks. Ultrasound was used to assess brachial FMD 
and ccIMT. PWV was determined by arteriograph. These 
parameters were correlated with C-reacive protein, 
vonWillebrand factor (vWF), immunoglobulin M (IgM)-
rheumatoid factor (RF), anti-CCP levels and 28-joint 
Disease Activity Score (DAS28). 
results: Adalimumab therapy successfully ameliorated 
arthritis as it decreased CRP levels (P = 0.04) and DAS28 
(P < 0.0001). Endothelial function (FMD) improved in 
comparison to baseline (P < 0.05). ccIMT decreased after 24 
weeks, indicating a mean 11.9% significant improvement 
(P = 0.002). Adalimumab relieved arterial stiffness (PWV) 
after 24 weeks. Although plasma vWF levels decreased 
only non-significantly after 12 weeks of treatment, an 
inverse correlation was found between FMD and vWF (R = 
-0.643, P = 0.007). FMD also inversely correlated with CRP 
(R = -0.596, P = 0.015). CRP and vWF also correlated with 
each other (R = 0.598, P = 0.014). PWV and ccIMT showed 
a positive correlation (R = 0.735, P = 0.038).
conclusions: Treatment with adalimumab exerted favorable 
effects on disease activity and endothelial dysfunction. 
It also ameliorated carotid atherosclerosis and arterial 
stiffness in patients with early RA. Early adalimumab 
therapy may have an important role in the prevention and 
management of vascular comorbidity in RA.  
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aBstract: KeY wOrds:

FMD = flow-mediated vasodilation
ccIMT = common carotid intima-media thickness
PWV = pulse-wave velocity
RA = rheumatoid arthritis
CRP = C-reactive protein
vWF = vonWillebrand factor
CVD = cardiovascular disease

a ccelerated atherosclerosis, as well as increased cardio-
vascular morbidity and mortality have been associated 

with rheumatoid arthritis [1-5]. RA is an independent risk 
factor for accelerated cardiovascular disease [2-4]. Classical, 
Framingham, as well as inflammatory factors have been impli-
cated in RA-related CVD [1-8]. Among the traditional risk fac-
tors, dyslipidemia, smoking and metabolic syndrome have been 
implicated in the development of atherosclerosis in RA [2,3,8]. 
Dyslipidemia in RA may be secondary to chronic inflamma-
tion [2,3]. Regarding inflammatory mechanisms, both athero-
sclerotic plaques and the RA synovium contain inflammatory 
leukocytes, mainly macrophages and T cells, pro-inflammatory 
cytokines including tumor necrosis factor-alpha, chemokines, 
matrix-degrading proteases and other inflammatory mediators 
[1-3,7-9]. It has been suggested that sustained inflammatory 
activity may be the predominant risk factor for accelerated 
atherosclerosis and excessive CVD mortality in RA [1-4,9].

Several ultrasonographic techniques have been developed to 
assess early vascular changes in RA. Accelerated atherosclerosis 
indicated by increased common carotid intimal-medial thick-
ness has been described in RA [1-4]. As previously reported 
by us and others, early endothelial dysfunction indicated by 



Original articles

148 

IMAJ • VOL 13 • MArch 2011

impaired endothelium-dependent flow-mediated vasodilation 
of the brachial artery precedes atherosclerosis in RA [1-4,10]. 
In addition, increased arterial stiffness indicated by increased 
pulse-wave velocity has also been associated with RA [10-12]. 
The detection of endothelial dysfunction, arterial stiffness or 
overt atherosclerosis is crucial for the early prevention and 
management of arthritis-related vascular disease. 

The severity and outcome of CVD may also depend on 
disease duration in RA as atherosclerosis becomes more 
evident with the progression of the disease [1,2]. Most of 
the studies on vascular dysfunction, atherosclerosis and 
CVD were performed in long-lasting established RA [1,2,5]. 
There are only a few reports on early RA. 

As described above, uncontrolled inflammation may be a 
key risk factor of CVD in RA [2-4,7,9]. Thus, as recently recom-
mended by a EULAR task force, “adequate control of disease 
activity is necessary to lower the CVD risk.” Also, most avail-
able evidence confirms that methotrexate and possibly biologi-
cal agents may have beneficial effects on the vasculature in RA 
[13]. Indeed, numerous recent publications have suggested that 
biological agents, primarily TNFα inhibitors, may have signifi-
cant effects on dyslipidemia, endothelial dysfunction, carotid 
atherosclerosis, arterial stiffness, and probably CVD outcome 
in RA [14-18]. In addition, two recent studies have reported 
similar beneficial effects of rituximab [19,20]. 

Most of the data have been published with respect to 
infliximab, and again, most studies have been performed 
in established rather than early RA [15-17]. Many groups 
reported favorable effects of TNF blockers on ccIMT or 
arterial stiffness [12,16,17]. However, there may be differ-
ences in the effects of different TNFα blockers. With regard 
to the few studies on the vascular effects of adalimumab, in 
one study eight RA patients refractory to infliximab were 
treated with adalimumab. There was a rapid increase of 
FMD on day 2, which was sustained for 12 weeks. This was 
accompanied by decreases in DAS28 and CRP levels [18]. 

Since there have been very few studies on the vascular 
effects of biologics in early RA and because little data are 
available on adalimumab, in the present study we assessed 
brachial FMD, an indicator of endothelial dysfunction, 
ccIMT, a marker of atherosclerosis, and PWV, an indicator 
of arterial stiffness in eight early RA patients undergoing 
adalimumab therapy. Since endothelium-independent 
nitroglycerine-mediated vasodilation was normal in our 
previous study [1], we did not assess this parameter.

Patients and metHOds

Our study group comprised eight early RA patients: 6 women 
and 2 men with a mean age of 37.8 years (range 24–69) [Table 

TNFα = tumor necrosis factor-alpha

1]. The duration of disease was at least 1 year in all patients; 
the mean duration was 5.6 months (range 3–12 months) 
[Table 1]. None of the patients had ever received methotrex-
ate or any biologics, and none had taken corticosteroids for at 
least 3 months prior to the study. According to the protocol, 
all patients received 40 mg adalimumab subcutaneously every 
2 weeks. Concomitant methotrexate therapy of 10–15 mg/
week was initiated in all patients. Exclusion criteria included 
known cardiovascular and cerebrovascular conditions, 
hypertension (blood pressure > 140/90 mmHg), diabetes 
mellitus, cigarette smoking, obesity (body mass index ≥ 30 
kg/m2), rheumatoid vasculitis, current infectious disease or 
renal failure (serum creatinine ≥ 117 mmol/L). 

All patients were fasting and had not used alcohol, 
tobacco, antioxidants or vasoactive drugs for 24 hours before 
the assessments. In addition, none of the RA patients received 
aspirin, clopidogrel, heparin or warfarin. Since this was a self-
controlled study no control group was evaluated. The study 
was performed in accordance with the Helsinki Declaration. 
Informed consent was obtained from each patient and we 
also obtained approval from the local ethical committee at 
the University of Debrecen.

assessment OF BracHial arterY Fmd

Brachial artery FMD was assessed as described previously 
[1]. Briefly, ultrasound examination was performed on the 
right arm using a 10-MHz linear array transducer (HP Sonos 
5500) by a trained sonographer in a temperature-controlled 
room after the patient had rested for 30 minutes (basal value 
for FMD). A B-mode longitudinal section was obtained of 
the brachial artery above the antecubital fossa. In order to 
assess FMD, reactive hyperemia was induced by release of a 
pneumatic cuff around the forearm inflated to suprasystolic 
pressure for 4.5 minutes. After deflation the maximal flow 
velocity and the arterial diameter were recorded continuously 
for 90 minutes. The baseline diameter and FMD were elec-

Patient
no. gender

age
(yrs)

disease 
duration (mos) ccP

X-ray
erosion crP das28

1 M 69 6 + – 36.4 6.72

2 F 47 12 + – 25.2 5.76

3 F 29 3 – – 7.5 5.35

4 F 25 4 + – 156.4 7.22

5 F 25 7 + – 120.0 6.42

6 M 24 3 – – 56.1 5.21

7 F 36 2 + + 19.0 6.02

8 F 47 8 + – 2.0 5.12

table 1. Patient characteristics at baseline

CCP = cyclic citrullinated peptide, CRP = C-reactive protein, DAS28 = 28-joint 
Disease Activity Score
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microlatex particles coated with polyclonal rabbit anti-human 
vWF antibodies (Diagnostica Stago, Asnieres, France). After 
mixing the reagent with plasma, the degree of agglutination 
was proportional to the amount of vWF present in the plasma 
sample. The reference range was 50–160%. In this study, plasma 
vWF was assessed at baseline and after 2, 4, 8 and 12 weeks.

 Serum IgM RF and CRP were assessed by quantitative 
nephelometry (Cobas Mira Plus-Roche, USA) using RF and 
CRP reagents, respectively (both Dialab). RF levels > 50 IU/
ml and high-sensitivity CRP levels > 5 mg/L were considered 
elevated. Anti-cyclic citrullinated peptide autoantibodies were 
detected in serum samples using Immunoscan-RA CCP2 
enzyme-linked immunosorbent assay test (Euro Diagnostica, 
Arnhem, The Netherlands). The assay was performed accord-
ing to the manufacturer’s instructions. A concentration > 25 
IU/ml was considered positive. 

data analYsis and rePrOduciBilitY

To determine the effects of adalimumab on vascular function 
and dyslipidemia, a self-controlled study was designed. In 
order to compare different mean FMD, ccIMT, PWV or vWF 
values at different time points, percentages of change between 
any time point (b) and baseline (a) were calculated as follows: 
(b-a)/a x 100. Increased FMD and decreased ccIMT or PWV 
indicate improvement. 

Since there were only eight patients in this pilot study, a 
limited statistical analysis could be performed using the SPSS 
software version 15.0. In case of normal distribution, differences 
were assessed by Student’s paired t-test. Correlation analysis 
was performed by Pearson’s test and R values were determined. 
In all analyses P values < 0.05 were considered significant.

 Regarding reproducibility, all assessments were performed 
by a single observer (G.K.) Intra-observer variability of FMD, 
ccIMT and PWV measurements were calculated as 5%, 4.2% 
and 3.3%, respectively. The “stability” of measurements is 
indicated by the reproducibility for month-to-month repeated 
assessments of FMD, ccIMT or PWV. According to the Brand-
Altman analysis, the 95% limits of agreement ranged between 
-1.6% and 1.9% for all assessments.

results

clinical resPOnse OF Patients tO adalimumaB

Eight patients with disease duration ≤ 12 months were included 
in the study. As described in Table 1, six patients were anti-CCP 
positive. After 12 weeks of adalimumab therapy, CRP levels 
significantly decreased from 52.8 ± 36.1 to 8.3 ± 5.0 mg/L (P = 
0.04) (data not shown). In addition, DAS28 also significantly 
decreased from 5.98 ± 0.76 to 2.54 ± 0.53 (P < 0.0001) (data not 
shown). Anti-CCP and RF concentrations did not change with 

anti-CCP = anti-cyclic citrullinated peptide

trocardiographically gated and detected offline. FMD values 
were expressed as percent change from baseline (resting) 
value. Since endothelial function may change rather rapidly, 
FMD values were assessed at baseline (before the first injec-
tion) and then after 2, 4, 8 and 12 weeks. Although there is no 
generally accepted normal range for FMD, FMD < 5% may 
be considered as definitely impaired [1].

determinatiOn OF cOmmOn carOtid imt 

The ccIMT measurements were carried out as described 
[1]. Briefly, a duplex utrasound system (HP Sonos 5500, 10 
MHz linear array transducer) was used to assess the common 
carotid arteries by a single observer. Longitudinal high-reso-
lution B-mode ultrasound scan was used in both right and left 
common carotid arteries and R-synchronized and recorded. 
The offline measurements were performed 1 cm proximal to 
the carotid bulb in the far wall. The ccIMT was defined as the 
distance between the first and second echogenic lines from 
the lumen, taking the average of 10 measurements on both 
sides. ccIMT values were expressed in mm. Since a relatively 
longer time is needed to detect changes in carotid atheroscle-
rosis, ccIMT values were assessed at baseline (before the first 
injection) and after 24 weeks. Although there is no generally 
accepted normal range for ccIMT, an increase in ccIMT of at 
least 0.1 mm may be considered definitely abnormal [1].

assessment OF arterial stiFFness

Measurements were carried out using a TensioClinic arterio-
graph system (Tensiomed Kft., Debrecen, Hungary). This tech-
nique has recently been standardized and validated in RA and 
other rheumatic diseases [11,21]. The principle of this method 
is based on the fact that contraction of the myocardium initi-
ates pulse waves in the aorta. The first wave becomes reflected 
from the aortic wall at the bifurcation; therefore, a second, 
reflected wave appears as a late systolic peak. The morphol-
ogy of this second reflected wave depends on the stiffness of 
the large artery, the reflection time at 35 mmHg suprasystolic 
pressure of the brachial artery (RT S35), and the peripheral 
resistance-dependent amplitude. 

Pulse wave velocity is the quotient of the jugular fossa-sym-
physis distance and RT S35 in m/s. The jugular fossa-symphysis 
distance is anatomically identical with the distance between the 
aortic trunk and the bifurcation. In order to have reproducible 
results, the patient needs to rest for at least 5 minutes before 
the assessment. In addition, the investigation room should be 
quiet. As more time is needed to observe changes in stiffness 
parameters, PWV was assessed at baseline and after 24 weeks. 

laBOratOrY analYses

Circulating von Willebrand factor antigen is a marker of 
endothelial cell activation. Plasma levels of vWF were deter-
mined by STA Liatest vWF immunoturbidimetric assay using 
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shown in Figure 2, the mean (± SD) ccIMT values at base-
line and week 24 were 0.59 ± 0.09 mm and 0.52 ± 0.06 mm, 
respectively. This indicated a 11.9% significant improvement 
at week 24 in comparison to baseline (P = 0.002). 

arterial stiFFness

We detected notable changes in PWV after 24 weeks of treat-
ment compared to baseline. Adalimumab reduced PWV by 
week 24 in 4 of the 8 patients (50%). There was no change in 
PWV in one patient, while PWV increased in 3/8 patients 
(data not shown in figures). 

The mean (± SD) PWV values at baseline and week 24 
were 5.86 ± 1.85 m/s and 5.46 ± 1.52 m/s, respectively. This 
indicated a 6.8% non-significant improvement at week 24 
in comparison to baseline (data not shown in figures). 

Plasma vwF levels

We assessed circulating vWF levels as indicators of endothe-
lial activation. Plasma vWF decreased in 5/8 patients by as 
early as week 2. By week 12, plasma vVW levels decreased in 
6/8 patients (data not shown in figures). 

The mean (± SD) plasma vWF levels at baseline and weeks 
2, 4, 8 and 12 were 225.8 ± 89.3%, 225.3 ± 79.5%, 197.4 ± 
66.5%, 185.6 ± 66.0% and 184.8 ± 60.3%, respectively. This 
indicated 0.2%, 12.6%, 17.8% and 18.2% decreases at weeks 
2, 4, 8 and 12 in comparison to baseline, respectively, but 
these changes did not reach statistical significance (data not 
shown).

cOrrelatiOns Between vascular and  

laBOratOrY Parameters

There was a significant inverse correlation between FMD and 
CRP (R = -0.596, P = 0.015) [Figure 3A]. Although, as pre-
sented above, adalimumab only non-significantly decreased 
plasma vWF levels, we also found a negative correlation 
between FMD and plasma vWF (R = -0.643, P = 0.007) 
[Figure 3B]. Interestingly, CRP and vWF also correlated with 
each other (R = 0.598, P = 0.014) [Figure 3C]. These results 
indicate that endothelial dysfunction may be associated with 
systemic inflammation, as well as endothelial activation. 
PWV and ccIMT showed a positive correlation (R = 0.735, 
P = 0.038) [Figure 3D], confirming that arterial stiffness is a 
consequence of atherosclerosis. No other correlations were 
significant (data not shown).

discussiOn

Accelerated atherosclerosis, as well as increased cardio- and 
cerebrovascular morbidity and mortality have been associ-
ated with RA [1-5,22,23]. Sustained systemic inflammation 
as well as traditional risk factors are major contributors to 
atherogenesis. Vasoprotective agents may be administered to 

adalimumab therapy (data not shown). At baseline, only one 
patient had erosive disease, and no other patients developed 
erosions until week 24 (data not shown). 

FlOw-mediated vasOdilatiOn

To assess endothelial function, brachial artery FMD was mea-
sured by high-resolution ultrasonography [Figure 1]. FMD 
improved in all patients as early as week 2. Figure 1 shows 
the mean absolute values of FMD at baseline and at weeks 
2, 4, 8 and 12. Although the patient number did not permit 
detailed statistical analysis, mean (± SD) FMD values were 7.0 
± 5.9%, 10.6 ± 3.2%, 11.1 ± 4.2%, 11.9 ± 5.1% and 13.2 ± 5.6%, 
respectively. This indicated 51.4%, 58.6%, 70.0% and 88.6%, all 
significant improvements at weeks 2, 4, 8 and 12 in comparison 
to baseline, respectively (P < 0.05 at all time points). 

carOtid intima-media tHicKness

Although atherosclerosis may be a more prolonged process in 
comparison to endothelial dysfunction and improvement in 
ccIMT cannot be expected in the short term, when assessing 
ccIMT by ultrasonography we could detect notable changes 
after 24 weeks of treatment in comparison to baseline [Figure 
2]. Again, ccIMT improved in all patients by week 24. As 

Figure 1. Mean values of FMD (% dilation) at baseline and at weeks 
2, 4, 8 and 12. Asterisk indicates significant (P < 0.05) difference as 
compared to baseline
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prevent and treat vascular conditions in RA; however, they 
primarily treat traditional Framingham risk factors [2-5,7]. 
Apart from methotrexate, biologics, mainly anti-TNFα agents, 
effectively suppress arthritis and exert various effects on the 
vascular system [5]. Short-term administration of infliximab, 
and possibly other biologics, may improve endothelial func-
tion, but in most cases the effect is transient [15]. There are 
far less data available on the effects of TNFα inhibitors on 
carotid atherosclerosis and arterial stiffness [16,17,22,23]. 

Hardly any data are available with respect to adalimumab. 
In one study, eight RA patients refractory to infliximab were 
treated with adalimumab. There was a rapid increase of FMD 
on day 2, which was sustained for 12 weeks. This was accom-
panied by decreases in DAS28 and CRP levels [18]. 

Since there is no report in which the vascular effects of 
adalimumab were investigated in early RA, we assessed eight 
patients with early RA who had a mean age of 36 years and 
a mean disease duration of 9 months. We assessed FMD, 
ccIMT, PWV and plasma vWF levels at different time points 
during adalimumab therapy. Early adalimumab treatment 
resulted in a significant amelioration of FMD by as early as 
2 weeks in all patients. FMD increased by more than 50%, 
and by week 12 reached 88%. Circulating vWF is a marker of 
endothelial activation. In this study, adalimumab treatment 
decreased plasma vWF levels by 13–18% between weeks 4 
and 12 in most patients. Improvement of FMD correlated 
with decreases of both CRP and vWF production, suggest-
ing that endothelial dysfunction, systemic inflammation and 
endothelial activation may be closely related to each other.

We did not find reports on the possible effects of adali-
mumab treatment on carotid atherosclerosis, arterial stiffness 
or circulating vWF levels in early or long-lasting RA. Here 
ccIMT significantly improved in all patients by 12% after 24 
weeks of treatment. Although significant changes in ccIMT 
are usually observed after months, surprisingly, we observed 
improvement of ccIMT as early as 24 weeks of therapy. In 
most available studies, ccIMT was measured only after a year 
of treatment. It is possible that early changes in FMD and 
metabolic parameters may translate into decreased ccIMT as 
early as 24 weeks. In our study on rituximab, ccIMT declined 
even earlier [20]. Arterial stiffness indicated by PWV also 
showed a non-significant (7%) improvement by week 24 in 
half of the patients. In addition, ccIMT and PWV correlated 
with each other, indicating that atherosclerosis may be the 
essential factor in arterial stiffness.

When assessing the effects of biologics on vascular disease 
outcome, the age- and gender-adjusted incidence rate of first 
CVD events was less than half in anti-TNF-treated patients 
compared with untreated ones [24]. When data from the 
British Society for Rheumatology Biologics Register were 
recently analyzed, there was no difference in the incidence of 
myocardial infarction between patients treated with biologics 

and those who were not. However, when anti-TNF respond-
ers and non-responders were compared, the risk of infarction 
was markedly reduced in patients exhibiting a good clinical 
response after 6 months of anti-TNF therapy as compared to 
non-responders [25]. Adalimumab therapy has not yet been 
assessed in this respect.

In conclusion, early adalimumab therapy may improve 
endothelial function and may postpone the development 
of atherosclerosis and arterial stiffness in RA patients. Since 
cardiovascular disease is a major mortality factor in RA and 
sustained systemic inflammation is the key mechanism in 
the pathogenesis of arthritis-related atherosclerosis, biologi-
cal therapy, such as adalimumab, may have relevance for the 
prevention and management of vascular co-morbidity in RA. 
Further investigations are needed to determine the long-term 
effects of adalimumab, as well as other biologics, on the vas-
culature in inflammatory diseases such as RA.
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Circadian (~24 hour) clocks are fundamentally important 
for coordinated physiology in organisms as diverse as 
cyanobacteria and humans. All current models of the 
molecular circadian clockwork in eukaryotic cells are based on 
transcription-translation feedback loops. Non-transcriptional 
mechanisms in the clockwork have been difficult to study in 
mammalian systems. O’Neill and collaborators circumvented 
these problems by developing novel assays using human 
red blood cells, which have no nucleus (or DNA) and 
therefore cannot perform transcription. The results show 
that transcription is not required for circadian oscillations 
in humans, and that non-transcriptional events seem to be 
sufficient to sustain cellular circadian rhythms. Using red 

blood cells, the authors found that peroxiredoxins, highly 
conserved antioxidant proteins, undergo ~24 hour redox 
cycles that persist for many days under constant conditions 
(that is, in the absence of external cues). Moreover, these 
rhythms are entrainable (that is, tunable by environmental 
stimuli) and temperature-compensated, both key features 
of circadian rhythms. The researchers anticipate that these 
findings will facilitate more sophisticated cellular clock 
models, highlighting the interdependency of transcriptional 
and non-transcriptional oscillations in potentially all eu- 
karyotic cells.
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“unthinking respect for authority is the greatest enemy of truth” 
Albert Einstein (1879-1955)




