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Abstract:

Background: Asymmetric dimethylarginine (ADMA) is associated with endothelial injury. Increased ADMA levels are found in

rheumatoid arthritis (RA) and ankylosing spondylitis (AS). We set out to assess the ADMA and symmetric dimethylarginine

(SDMA) levels in AS, RA, and healthy controls, and in the anti-TNF treated patients with active AS.

Methods: In 78 AS patients and 29 RA patients who were anti-TNF treatment naive at baseline, along with 23 healthy control subjects,

we assessed erythrocyte sedimentation rate (ESR), high-sensitivity C-reactive protein (hsCRP), ADMA, and SDMA. For AS patients,

the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), back pain VAS and patient’s global activity of disease were calcu-

lated. After 6 months, we repeated the assessment in 30 out of the 78 AS patients in whom the anti-TNF treatment was initiated.

Results: The baseline mean (SD) plasma ADMA concentration of AS patients was 0.64 (0.19) µmol/l and did not differ from con-

trols (0.65 [0.19] µmol/l, p > 0.05). In the RA group, ADMA concentration was higher than in controls (0.77 vs. 0.65 µmol/l, p <

0.05). Both at baseline and at follow-up, ADMA levels correlated positively with BASDAI (R = 0.52, p = 0.02, and R = 0.47, p =

0.04, baseline and follow-up, respectively). Six months of anti-TNF treatment did not influence ADMA concentration (0.51 [0.12]

vs. 0.51 [0.11] µmol/l, p = 0.70).

Conclusion: An absence of changes in plasma ADMA levels in the anti-TNF treated AS group despite the improvement in disease

activity (BASDAI) and inflammation (ESR, CRP) may suggest either a lack of effect, or, even if such an effect were to take place, it

needs not imply measurable changes in blood ADMA.
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Introduction

Ankylosing spondylitis (AS), affects approximately 1%

of the general population. It is a chronic arthritis charac-

terized by inflammation, which leads primarily to re-

modelling of the axial skeleton [5, 6]. Patients with AS

have increased cardiovascular (CV) risk, which is

largely responsible for a 2-fold increase in mortality

compared with the general population [17, 21]. Acceler-

ated atherosclerosis significantly contributes to CV risk

[12] and may be induced both by traditional CV risk

factors (e.g., hyperlipidemia) [30] and inflammation it-

self [7]. Endothelial dysfunction, which initiates athero-

sclerosis, is a predictor of long-term CV risk [32].

Asymmetric dimethylarginine (ADMA) is the en-

dogenous inhibitor of nitric oxide (NO) synthase and in-

creased levels of this molecule are responsible for re-

duced NO synthesis and endothelium damage [2].

ADMA acts directly on the enzyme NO synthase, while

its analogue, symmetric dimethylarginine (SDMA), is

thought to be important as a competitive inhibitor for

arginine transport across cell membranes [18]. Ele-

vated plasma concentrations of ADMA have been

shown to accompany a number of traditional CV risk

factors, i.e., hyperlipidemia, hypertension, diabetes

mellitus, insulin resistance and smoking. Increased

ADMA levels are responsible for endothelial injury

and the progression of atherosclerosis and have been

found to be an independent predictor of CV morbidity

and mortality [3]. It has been demonstrated that

ADMA is elevated in various inflammatory diseases,

including systemic lupus erythematosus, systemic

sclerosis, Behcet disease, familial Mediterranean fe-

ver and rheumatoid arthritis [25]. Recently, ADMA

levels have been found to be significantly increased in

AS patients as compared with healthy controls [9, 23]

and patients with osteoarthritis (OA) [16].

Tumor necrosis factor- (TNF-) a is a pivotal pro-

inflammatory cytokine in AS [8] and may be respon-

sible for the pathogenesis of endothelial damage in

chronic inflammatory disease, i.e., rheumatoid arthri-

tis [10, 13]. Anti-TNF-a treatment has been shown to

improve the disease course and outcome in AS. One

study suggested that anti-TNF-a treatment might de-

crease levels of circulating ADMA in patients with

relatively early AS free from traditional CV risk fac-

tors [23]. Two further studies revealed that anti-

TNF-a treatment does not influence ADMA levels [9,

16], which were found to be similar in TNF inhibitor

treated and untreated AS groups.

The aim of the present study was to evaluate the

plasma level of ADMA and SDMA in AS, RA and

controls, and further, the effect of TNF inhibition on

ADMA and SDMA levels in a group of AS patients

with high disease activity.

Patients and Methods

The study population comprised 130 individuals, re-

cruited in three centres. Included in the study were 78

consecutive AS patients, 29 RA patients and 23

healthy individuals for cross-sectional analysis; 30

out of 78 AS patients were then used for longitudinal

investigation.

Ankylosing spondylitis patients were TNF inhibi-

tor and synthetic disease modifying anti-rheumatic

drugs (DMARDs) naive and were diagnosed with AS

according to the modified New York criteria [29].

Thirty AS patients with high disease activity were as-

signed to TNF inhibitor therapy and analyzed longitu-

dinally. Patients were considered as having high dis-

ease activity if the Bath Ankylosing Spondylitis Dis-

ease Activity Index (BASDAI) was ³ 4, the patient’s

back pain visual analogue scale (VAS) was ³ 4 cm,

the patient’s global activity of disease was > 5 cm and

if they were refractory to at least two NSAIDs.

Twenty-three active AS patients received etanercept

and 7 adalimumab, according to the manufacturers’

respective dosing schedules. All patients used

NSAIDs throughout the study. Forty eight AS control

patients who were not eligible for anti-TNF treatment

were treated with NSAIDs only. All AS patients had

an axial disease, and 21.8% had peripheral signs;

96.1% of patients were HLA-B27 positive. Twenty-

nine RA patients with early disease fulfilling 1987

American College of Rheumatology revised criteria

[1] were anti-TNF and synthetic DMARDs naive and

were treated with NSAIDs and/or steroids. Uncon-

trolled arterial hypertension, diabetes mellitus, prema-

ture coronary artery disease (< 55 years in men and

< 65 years in women), previous cardiovascular, cere-

brovascular or peripheral arterial events, hyperlipide-

mia and statin use were the exclusion criteria. A total

of 23 healthy volunteers (11 males) who were also

subject to the exclusion criteria listed above served as

controls. Current smoking levels were recorded for all

patients and controls.
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In all participants, we obtained blood samples for

laboratory assessment of erythrocyte sedimentation rate

(ESR), high-sensitivity C-reactive protein (hsCRP),

ADMA and SDMA. In the AS patients treated with

anti-TNF, we obtained additional samples after 6

months. Samples were stored at –80°C. Serum levels

of ADMA and SDMA were measured by commer-

cially available enzyme linked immunosorbent assay

(ELISA) test (DLD Diagnostika GmbH, Germany).

BASDAI, back pain VAS and patient’s global activity

of disease were calculated for all AS patients at base-

line and in the anti-TNF treated group after 6 months

of treatment. The study was approved by the local

Bioethics Committee and all patients gave written in-

formed consent to participate according to the Decla-

ration of Helsinki.

The database management and analyses were per-

formed with SAS 9.2 software (SAS Institute Inc.

Cary, NC, USA). The means (paired and non-paired)

were compared either with Student’s t test or, in cases

of non-normal distributions, with the Wilcoxon test,

as supplied in the proc npar1way procedure. The lin-

ear trends of continuous traits were compared with

ANOVA as implemented within the proc glm proce-

dure or with Cochran-Armitage trend test as imple-

mented in the proc freq procedure, in case of categori-

cal variables. The study had the empirical power of >

99% to detect a 30% difference in the baseline level

of ADMA.

Results

Baseline characteristics of the AS, RA and control

groups are shown in Table 1. Overall, based on the

ANOVA model, there was a significant difference

across the three groups, regarding values of age, ESR,

hsCRP, and ADMA, indicating higher values in the

AS and RA groups than in the control group. The ex-

ception was the ADMA level in the AS group, where

the baseline mean plasma ADMA concentration was

not significantly different from controls. Smokers

tended to have a higher ADMA (0.72 [0.21], median

0.71 µmol/l vs. 0.65 [0.19], median 0.60 µmol/l,

smokers vs. non-smokers, respectively, p = 0.05), and

higher CRP (19.6 [24.4], median 12.2 mg/l vs. 13.2

[21.9], median 3.8 mg/l, smokers vs. non-smokers, re-

spectively, p = 0.05). The corresponding trends for

SDMA (p = 0.07) and for ESR (p = 0.64) were not

statistically significant.

Comparisons of baseline data obtained in the AS

group treated (high disease activity) and untreated

(low disease activity) with anti-TNF agent are pre-

sented in Table 2. The average duration of the disease

was not different across the different treatment

groups. The median baseline ADMA was signifi-

cantly lower in the high disease activity AS group as-

signed to TNF inhibitor than in non-active AS. In-

flammatory status, as assessed by ESR and CRP, and

clinical activity of the disease, as assessed by
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Tab. 1. Baseline characteristics of ankylosing spondylitis, rheumatoid arthritis and control groups � markers of inflammation and endothelial
dysfunction

AS RA Controls
p value for trend
across categories

Number 78 29 23

Age (SD), years 35.7 (10.4) 41.0 (9.5)** 32.3 (7.5) 0.006

% smoking 25.6 41.4 18.2 0.06

ESR (SD), mm/h 29.9 (22.0)*** 37.2 (27.4)*** 6.3 (3.8) < 0.0001

hsCRP (SD), mg/l 18.8 (23.7)** 15.3 (24.6)* 0.89 (0.77) 0.003

ADMA (SD), µmol/l 0.64 (0.19) 0.77 (0.20)* 0.65 (0.19) 0.009

SDMA (SD), µmol/l 0.62 (0.19) 0.57 (0.16) 0.63 (0.19) 0.35

* p < 0.05 vs. controls; ** p < 0.01 vs. controls; *** p < 0.001 vs. controls; AS � ankylosing spondylitis, RA � rheumatoid arthritis, ESR � erythro-
cyte sedimentation rate, hsCRP � high-sensitivity C-reactive protein, ADMA � asymmetric dimethylarginine, SDMA � symmetric dimethyl-
arginine



BASDAI, were significantly greater in the TNF in-

hibitor treated group (Tab. 2). In the TNF inhibitor

treatment group, there was no difference between the

ADMA level before and after 6 months of treatment

(Tab. 3). There were significant positive correlations

between ADMA and BASDAI at baseline (R = 0.52,

p = 0.02) and at six months (R = 0.47, p = 0.04) in the

TNF inhibitor treated group. There was no significant

correlation between ADMA and BASDAI at baseline

in the group that was not treated with TNF inhibitor

(R = 0.11, p = 0.46). No correlations were found be-

tween ADMA and ESR, CRP and age in both AS

groups. There was a weak negative correlation be-

tween ADMA and disease duration at baseline (R =

–0.20, p = 0.04) in the TNF inhibitor treated group.

Smoking status did not materially influence the find-

ings.

Discussion

We found that 6 months of treatment with the TNF in-

hibitor etanercept or adalimumab did not influence

the level of plasma ADMA or SDMA in high disease

activity patients with AS. We have also shown that the

ADMA level in AS patients is comparable to that seen

in healthy controls, and confirmed that RA patients

have higher ADMA levels than controls. These find-

ings may indicate that the link between inflammation

and endothelial dysfunction, putatively involving

ADMA and SDMA as mediators, is very complex.

To the best of our knowledge, only three cross-

sectional reports have addressed the question of the

relationship between anti-TNF treatment and levels of

ADMA in AS patients to date. Sari et al. suggested
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Tab. 2. Baseline characteristics of anti-TNF treated and untreated ankylosing spondylitis groups

AS TNF inhibitor treated AS TNF inhibitor untreated p value

Number 30 48

Age (SD), years 40.8 (12.7) 32.5 (7.1) 0.006

Disease duration (SD), years 9.6 (7.5) 7.5 (5.1) 0.27

ESR (SD), mm/h 35.1 (19.4) 26.6 (23.1) 0.03

hsCRP (SD), mg/l 28.0 (30.9) 13.0 (15.7) 0.003

ADMA (SD), µmol/l 0.51 (0.12) 0.73 (0.17) < 0.0001

SDMA (SD), µmol/l 0.64 (0.11) 0.61 (0.23) 0.01

BASDAI 8.1 (0.9) 4.1 (2.0) < 0.0001

AS � ankylosing spondylitis, ESR � erythrocyte sedimentation rate, hsCRP � high-sensitivity C-reactive protein, ADMA � asymmetric dimethyl-
arginine, SDMA � symmetric dimethylarginine, BASDAI � Bath Ankylosing Spondylitis Disease Activity Index

Tab. 3. Comparison of baseline and 6-month values in anti-TNF treated group of ankylosing spondylitis (n = 30)*

Baseline 6 months p value

ESR (SD), mm/h 35.1 (19.4) 12.1 (13.2) < 0.0001

hsCRP (SD), mg/l 28.0 (30.9) 6.8 (14.5) < 0.0001

ADMA (SD), µmol/l 0.51 (0.12) 0.51 (0.11) 0.70

SDMA (SD), µmol/l 0.64 (0.11) 0.64 (0.11) 0.79

BASDAI 8.1 (0.9) 4.0 (1.1) < 0.0001

* The change from baseline to 6 months was not influenced by baseline smoking status. ESR � erythrocyte sedimentation rate, hsCRP � high-
sensitivity C-reactive protein, ADMA � asymmetric dimethylarginine, SDMA � symmetric dimethylarginine, BASDAI � Bath Ankylosing Spondy-
litis Disease Activity Index



that anti-TNF treatment might be associated with low-

ering levels of circulating ADMA, thus suggesting

a possible beneficial effect on endothelium in patients

with early AS free from traditional CV risk factors

[23]. However, their study was moderately sized, and

all 18 patients had been treated with anti-TNF agent

for 27.7 ± 25.8 months before enrolment. The conclu-

sion of Sari et al. was based on the fact that level of

ADMA in the AS group treated with NSAIDs or sul-

fasalazin was higher than in the AS group treated with

TNF-inhibitor. Reports by two other research groups

did not confirm these observations. While in the first

study the duration of TNF inhibitor treatment was not

reported [9], in the second, the anti-TNF treatment

had been commenced within the 3 month period be-

fore enrolment into the study [16]. All three of the

cited studies showed higher levels of ADMA in AS

patients in comparison to healthy controls [9, 23] or

osteoarthritis patients [16].

Our group of AS patients was the largest, compris-

ing 78 individuals, and we did not show any differ-

ence in ADMA and SDMA levels in comparison to

healthy controls (Tab. 1) or between baseline and 6

month follow-up in TNF inhibitor-treated patients

(Tab. 3). However, these three cited studies did not

stratify patients into high and low disease activity

groups; therefore, we cannot compare our results di-

rectly, since we focused on a high disease activity

subpopulation.

TNF-a increases ADMA generation by endothelial

cells via inhibition of the activity of dimethylarginine

dimethylaminohydrolase (DDAH), which is a redox-

sensitive enzyme that degrades over 80% of the

ADMA that is generated daily [14]. Accordingly, it

might be expected that TNF antagonists might down-

regulate the activity of this positive feedback loop

with consequently lower ADMA levels. Nevertheless,

in our hands, this was not observed, which – together

with unchanged ADMA levels in AS – may indicate

spatial separation between endothelial pathways gov-

erning ADMA metabolism and excessive activity of

TNF, the formation of which is mainly localized to

cellular infiltrates within the inflamed joints in AS

[4]. Admittedly, we did not measure the circulating

levels of TNF, an inhibitor of ADMA degradation

[14], in the present study. However, the previously re-

ported higher serum TNF concentrations in RA com-

pared to AS [11] might have explain the elevated

ADMA levels in our RA patients, but not in AS sub-

jects. Additionally, this difference was presumably

not attributable to a higher percentage of smokers in

the RA versus AS patients and controls because Maas

et al. had observed even lower ADMA levels in the

smoking individuals investigated [19].

Therefore, it may be proposed that the local gen-

eration of TNF does not necessarily translate into its

ability to influence ADMA metabolism in endothelial

cells, despite increased circulating levels of this cyto-

kine in AS [11]. Second, an alternative hypothesis can

be put forward that, even if such effects were to take

place, it need not imply measurable changes in blood

ADMA. In an experimental study, Wang et al. [31]

demonstrated that silencing the gene for the type 2

isoform of DDAH (DDAH-2), which is dominant in

the vascular endothelium, impaired endothelium-

dependent vasorelaxation without any changes in se-

rum ADMA, whereas silencing DDAH-1, which is

highly-expressed in the liver and kidney, increased se-

rum ADMA with unchanged endothelial vasodilatory

function. Therefore, this hypothetical concept appears

consistent not only with our results, but also with the

lack of effect of chronic therapy (18 months) with

adalimumab, a TNF blocker, on blood ADMA con-

centrations in RA patients; this is in spite of improve-

ments in coronary flow reserve [28] and despite the

ability of infliximab (12 weeks) to ameliorate flow-

mediated endothelium-dependent dilation of the bra-

chial artery in RA [13] and AS groups [26]. That

blood ADMA, even if elevated, does not appear to be

a straightforward marker of vasodilatory endothelial

dysfunction in rheumatic diseases, is also compatible

with the lack of correlation between ADMA and

flow-mediated dilation of the brachial artery in AS [9]

and microvascular and macrovascular endothelial

function in RA [22].

On the other hand, a positive correlation between

ADMA and BASDAI in our AS patients, despite the

lack of a respective relationship between ADMA and

either ESR or CRP, might suggest a link between

ADMA and disease activity in terms of clinical rather

than biochemical indices. The baseline correlation

was not significantly changed by 6-months of anti-

TNF therapy, which might support the suggestion that

the interaction between ADMA and disease activity

should be considered using clinical instead of bio-

chemical measures. Therefore, these results are not

entirely contradictory to those reported by Kemeny-

Beke et al. [16], because although they did not find

significant correlations between ADMA and BASDAI

or Bath Ankylosing Spondylitis Functional Index
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(BASFI), ADMA correlated negatively with chest ex-

pansion and lumbar spine mobility in their study, but

not with CRP. In agreement with these findings,

ADMA levels were unrelated to disease activity score

(DAS28) and CRP in RA subjects [25, 27, 28]; never-

theless, positive correlations with the number of swol-

len and tender joints were reported [27]. It is notewor-

thy that large studies focused on the relationship be-

tween ADMA and CRP, which is a surrogate marker

of inflammatory status, reported either lacking [24]

[AtheroGene study, n = 1874], weak positive [20]

[LURIC study, n = 3238] or even negative [15] [Car-

diovascular Risk in Young Finns study, n = 2096] cor-

relations between the respective parameters.

Our results must be considered within the context

of the study’s limitations. First, participating patients

might not have been representative for the entire spec-

trum of active AS, due to the moderate sample size.

However, the anti-TNF group had significantly ele-

vated CRP and BASDAI in comparison to anti-TNF

untreated patients, which confirms the higher disease

activity in the former patient group. Both groups were

not different with respect to disease duration. Second,

it is difficult to explain why the baseline ADMA level

in TNF inhibitor assignment group with high disease

activity and inflammation (BASDAI 8.1; CRP 28.0 mg/l)

was significantly lower than in the NSAID-treated

group with low disease activity and inflammation

(BASDAI 4.1; CRP 13.0). Only Sari et al. reported

a difference between different treatment assignments

in AS [23], where the anti-TNF treated group had

lower ADMA levels than the group on conventional

treatment. The finding that anti-TNF treatment de-

creases the ADMA levels was not confirmed in our

longitudinal study, where baseline and 6-month

ADMA values were not different (Tab. 3).

Our longitudinal results confirm that the link be-

tween inflammation, disease activity and endothelial

dysfunction is not straightforward and that the ab-

sence of changes in plasma ADMA levels, despite im-

provement in disease activity (BASDAI) and markers

of inflammation (ESR, CRP), may be attributable to

a lack of effect. Even if such an effect was to take

place, it need not imply measurable changes in blood

ADMA.

From this perspective, further investigations are

warranted to elucidate the putative link between anti-

TNF treatment, ADMA levels and cardiovascular pro-

tection in AS patients.
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