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Endothelial dysfunction in ankylosing spondylitis improves
after tumor necrosis factor-α blockade
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Abstract Chronic inflammation in ankylosing spondylitis
(AS) is associated with vascular endothelial dysfunction.
Infliximab improves inflammatory disease activity in AS
patients, but its effect on endothelial dysfunction has still
not been tested in these patients. Twelve anti-TNF naive AS
patients (mean age, 32.6±3.94 years; disease duration, 5.6±
0.8 years) with high disease activity [Bath ankylosing
spondylitis disease activity index (BASDAI score>4)]
despite treatment with stable doses of conventional disease
modifying anti-rheumatic drugs (DMARDs) were investi-
gated. Inflammatory disease activity [BASDAI and Bath
ankylosing spondylitis functional index (BASFI) scores,
erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP) levels], serum nitrite concentration, and
endothelium-dependent and endothelium-independent va-
sodilation of the brachial artery were measured at baseline
and 12 weeks of therapy after single intravenous infusion of
infliximab (5 mg/kg). Previous DMARD(s) regimen

remained unchanged throughout the study period. After
treatment with infliximab, flow-mediated vasodilation
improved from 9.81±1.70% to 26.93±2.34% (p<0.001),
whereas there was no significant change in endothelium-
independent vasodilation with nitroglycerin and baseline
diameter (13.65±2.10% versus 14.59±1.93%, p=0.08, and
4.45±0.15 versus 4.46±0.15 mm, p=0.3, respectively).
Nitrite concentration reduced from 6.50±0.21 to 2.57±
0.18 µmol/l (p<0.001), ESR from 40.90±6.00 to 11.50±
1.38 mm in the first hour (p<0.001), and CRP level from
29.08±4.11 to 2.69±0.43 mg/dl (p<0.001). BASDAI and
BASFI scores were significantly reduced from 5.40±1.14
to 1.40±0.70 (p<0.05) and 5.05±1.76 to 0.20±0.63 (p<
0.05), respectively. The study suggests that in ankylosing
spondylitis, endothelial dysfunction is a part of the disease
process and infliximab improves both endothelial dysfunc-
tion and inflammatory disease activity.
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Ankylosing spondylitis (AS) is a chronic inflammatory
rheumatic disease of the sacroiliac joints and spine with a
worldwide prevalence ranging up to 0.9% [1, 2]. AS patients
have an approximately twofold increase in mortality com-
pared to the general population, which is predominantly
contributed by an increased cardiovascular risk [3–5].
Accelerated atherosclerosis probably contributes to the
increased cardiovascular mortality in AS [6, 7]. In fact, AS
may represent a coronary heart disease risk factor [8].
Accelerated atherosclerotic disease may be due to traditional
risk factors (smoking, hypertension, impaired lipid status,
and higher BMI), but the inflammation in active AS also
contributes to atherosclerosis as in rheumatoid arthritis (RA)
and systemic lupus erythematosus [9, 10].
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Chronic inflammation in active AS also contributes to
endothelial dysfunction [2, 11] and microvascular dysfunc-
tion [8]. Endothelial dysfunction is an essential marker and
a good predictor of atherosclerosis, thereby acting as a
“barometer” of cardiovascular health [12]. Acute inflam-
mation may interfere with endothelial function through the
action of pro-inflammatory cytokines which can modify the
vascular release of both nitric oxide and endothelium-
derived hyperpolarizing factor [13]. The hallmark of
endothelial dysfunction is impaired nitric oxide-mediated
endothelial-dependent vasodilatation, which may be due to
either decreased production or activity of nitric oxide [14].
Tumor necrosis factor alpha (TNF-α) plays a key role in the
pathogenesis of AS initiation and amplification of the
inflammatory cascade in atherogenesis [15]. TNF-α blocks
the activation of endothelial nitric oxide synthase (eNOS)
by interfering with the phosphorylation and directly
degrading eNOS messenger RNA (mRNA), thus inhibiting
nitric oxide release which is essential for flow-dependent
relaxation of blood vessels [16].

The most noteworthy development in the treatment of
AS in the last decade has been the emergence of biologic
therapies, specifically the anti-TNF-α agents [17, 18].
Chronic anti-inflammatory treatment with infliximab has
shown improvement in inflammatory disease activity in AS
patients [19] and in endothelial function as assessed by the
flow-mediated dilatation (FMD) of the brachial artery in
patients with RA [16, 20], systemic vasculitis [21], and
Crohn’s disease [22]. However, the effect of infliximab on
endothelial dysfunction in AS has not been studied to date.
In this study, we tested the hypotheses that chronic
inflammation in AS is associated with endothelial dysfunc-
tion despite treatment with conventional disease modifying
anti-rheumatic drugs (DMARDs), which can be reversed
with intravenous (i.v.) infusion of infliximab. We studied
the effect of infliximab intravenous infusion on endothelial
dysfunction in anti-TNF-naïve AS patients lacking ade-
quate response to conventional DMARDs therapy in the
context of systemic inflammation.

Materials and methods

Patients

A prospective, uncontrolled, open-label, pilot study was
designed. Twelve anti-TNF-naive AS patients [ten men,
two women; mean age, 32.6±3.9 years (range, 18–
57 years); mean disease duration, 5.6±0.8 years] meeting
the modified New York criteria, for AS, with high disease
activity despite treatment with single or combination of
conventional DMARDs were enrolled in the study [23]. All
the patients included have active AS, defined by the

presence of Bath ankylosing spondylitis disease activity
index (BASDAI) score≥4, spinal pain of 4 or greater on a
10-cm visual analogue scale, and morning stiffness that
lasted for at least 30 min [24]. Only patients on stable dose
of DMARDs for at least 6 months were included in the
study. These patients were administered infliximab 5 mg/kg
as a single i.v. infusion.

All patients were on a combination of non-selective
NSAIDs (mostly on diclofenac or indomethacin) and
sulfasalazine (1–3 g/day), and none was on steroids.
Exclusion criteria were: age ≤18 years, history of acute
inflammatory joint disease other than AS, prior use of TNF
antagonists, active tuberculosis, unstable ischemic heart
disease, pregnant and lactating women, concomitant dis-
eases (diabetes mellitus, hypertension, and hyperlipidemia)
and concomitant use of drugs known to affect endothelial
function (nitrates, statins, angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, and beta-
blockers), and history of sensitivity to the study medication.

The study protocol was approved by the regional ethical
research committee and was performed in accordance with
the declaration of Helsinki and the code of Good Clinical
Practice. The investigators (two radiologists and one
pharmacologist) involved in estimating the two critical
components of endothelial dysfunction assessment—serum
nitrite concentration and FMD of brachial artery—were
blinded to the treatment protocol. Other clinical investiga-
tions and assessment of participants were carried by the
rheumatologist. All patients provided written informed
consent to participate after a full explanation of the study.

Assessment

In all subjects, blood was drawn in the morning after
overnight fasting, and the following variables were deter-
mined: high-density lipoprotein (HDL) cholesterol, trigly-
cerides (TG), low-density lipoproteins (LDL), erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), total
leukocyte count (TLC), differential leukocyte count (DLC),
and hemoglobin by conventional methods using standard
commercial kits.

Assessment of endothelial dysfunction Two measures were
taken: serum nitrite concentration and FMD of brachial
artery.

1. Serum nitrite was estimated at baseline and 12 weeks
after single-dose treatment with infliximab (5 mg/kg i.
v. infusion) as described by Sastry et al. [25] to assess
indirectly the generation of nitric oxide (NO). Mea-
surement of NO production in vivo is difficult because
of its short half-life. Consequently, its metabolite serum
nitrite has been used as a surrogate marker for
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estimating NO production [26]. Serum samples for this
estimation were collected after at least 14 h of fasting.
This was obtained by fasting after the evening meal at
6:00P.M. and taking sample the next morning after 8.00
A.M. [27]. All the subjects were teetotalers and non-
smokers and taking a normal regular diet. Samples for
serum nitrite were estimated in duplicate. Mean of the
two measured value was considered for analysis.

2. Flow-mediated vasodilation and nitroglycerin-induced
(400 µg sublingual tablet) vasodilation of the brachial
artery were assessed at baseline and 12 weeks after
single-dose treatment with infliximab (5 mg/kg i.v.
infusion) using a high-resolution ultrasound vessel wall
tracking device with a 10-MHz linear array transducer
(Voluson Vyge, 730 expert model) by two radiologists,
who were blinded to the treatment protocol, using the
standard method as described in earlier studies [16].
Subjects were asked to fast, with the exception of
water, for at least 12 h prior to being assessed. Subjects
lay supine for 20 min before the first vascular
ultrasound scan was conducted. Flow-mediated dilation
of the brachial artery was induced by release of a wrist
cuff inflated to suprasystolic pressure for 5 min.
Recording of arterial diameter commenced 30 s before
cuff deflation and after every 15 s for 3 min. After a
rest period of 10 min, when brachial artery diameter
had returned to baseline levels, a second baseline scan
was recorded. This was followed by sublingual admin-
istration of 400 µg of nitroglycerin (NTG) tablet. After
nitroglycerin administration, the diameter was recorded
every 30 s for 5 min [16].

FMD was calculated in percentage as:

FMD %ð Þ ¼ 100�
post� hyperemia diameter � basal diameterð Þ=basal diameterf g:

Assessment of disease activity The following measures of
clinical evaluation of inflammation were employed:

1. The BASDAI and the Bath ankylosing spondylitis
functional index (BASFI) disease activity scores were
calculated using the standard and validated question-
naire as described in the previous published studies
[24, 28].

2. ESR was measured by Westergreen method and CRP
level was determined using standard commercial kits.

Statistical analysis

Results are presented as mean ± SEM. Komlogorov–
Smirnov test was used to determine if continuous quanti-

tative variables were normally distributed. Differences in all
continuous variables after treatment were examined by
Wilcoxan signed-rank test because of the skewed distribu-
tion of data. The relationships between the different
variables were analyzed using the Pearson or Spearman’s
rank correlation coefficients. For FMD%, mean of the two
measures taken by two radiologists were considered for
analysis. Intra- and inter-observer variability for estimating
FMD% was 1.13% and 1.20%, respectively. Sigma Stat V.
3.1 was used for statistical analysis. A p value of <0.05 was
considered as statistically significant.

Results

The demographic and clinical characteristics of the patients
at baseline and after treatment are presented below
(Table 1).

Infliximab improves endothelial dysfunction

Flow-mediated dilation improved significantly from 9.81±
1.70 to 26.93±2.34 (p<0.001) after 12 weeks of initial
treatment (Fig. 1). Endothelial-independent vasodilation-
induced by NTG was statistically insignificant (13.65±2.10
to 14.59±1.93, p=1.00) after 12 weeks (Fig. 2). There was
no significant difference found in baseline brachial artery
diameter from baseline to end visit (4.45±0.15 to 4.46±
0.15 mm, p=0.3).

Serum nitrite concentration (µmol/l) decreased signifi-
cantly from 6.50±0.21 to 2.57±0.18 (p<0.001) after
12 weeks.

Infliximab improves inflammatory disease activity

All patients included in the study had high disease activity,
i.e., BASDAI score ≥4. After 12 weeks of single infliximab
infusion, disease activity of all the patients had fallen to the
level of low disease activity (BASDAI score <3.2). Overall,
a composite BASDAI score decreased significantly from
5.40±1.14 to 1.40±0.70 (p=0.004) and BASFI score from
5.05±1.76 to 0.20±0.63 (p=0.002).

ESR and CRP levels also decreased significantly from
40.90±6.00 to 11.50±1.38 mm in first hour (p=0.004) and
from 29.08±4.11 to 2.69±0.43 mg/dl (p<0.001) after
12 weeks, respectively (Table 1).

Association of endothelial dysfunction with inflammatory
disease activity

From univariate correlation analysis (Table 2), we could not
find any significant correlation of FMD with BASDAI score
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(r=0.07, p=0.83), nitrite concentration (r=0.11, p=0.75),
BASFI score (r=0.02, p=0.93), total cholesterol (r=0.22, p=
0.53), and ESR (r=0.05, p=0.87) at baseline. FMD showed
negative correlation with CRP (r=−0.72, p<0.01) both at
baseline (Fig. 3) and after the treatment (r=−0.59, p<0.05).
But serum nitrite was found positively correlated with total
cholesterol (0.66, p=0.03) and BASFI (r=0.64, p<0.05) at
baseline, which means that a decrease in nitrite concentration

in AS patients significantly leads to a decrease in disease
activity and improved quality of life.

Adverse effects

Minor adverse effects, which were self-reported by the
patients, included skin rashes and nausea in two patients.
Serum hematological and biochemical profile was found in
the course of treatment (Table 1).

Fig. 2 Effect on nitroglycerine-induced vasodilation after 2 and
12 weeks. Endothelial-independent vasodilatation-induced by NTG
was statistically insignificant (13.65±2.10% to 14.59±1.93%, p=
1.00) after 12 weeks of treatment

Fig. 1 Effect on flow-mediated vasodilatation after 12 weeks. Flow-
mediated dilation improved significantly from 9.81±1.7 to 26.93±
2.34% (*p<0.01) after 12 weeks of initial treatment

Characteristic Baseline After 12weeks p value

Age (year) (range, 19–57) 32.60±3.94 – –

Men (%) 90 – –

HLA-B 27 (%) 90 – –

Disease duration (range, 1–19 years) 5.60±0.87 – –

MBP (mmHg) 94.20±0.75 94.50±0.81 0.92

Hemoglobin (g/dl) 11.35±0.61 12.80±0.40 0.04

TLC (mm3) 9060±393.8 5860±276.5 <0.001

DLC (mm3)

Neutrophil 66.40±1.60 65.90±1.60 <0.001

Leukocyte 30.70±1.30 30.80±1.22 0.91

Eosinophil 1.30±0.30 1.30±0.50 1.00

Monocyte 1.30±0.30 0.69±0.30 0.21

Total cholesterol (mg/dl) 172.80±3.77 143.7±3.07 <0.001

HDL 38.36±2.50 40.9±1.33 0.41

Cholesterol/HDL ratio 4.60±0.28 3.53±0.10 0.02

LDL 115.10±5.90 104±4.20 0.006

TG 105.10±7.20 101.40±7.46 0.7

ESR (mm in first hour) 40.90±6.00 11.50±1.38 <0.001

CRP (mg/dl) 29.08±4.10 2.69±0.43 <0.001

S. nitrite (µmol/l) 6.50±0.21 2.57±0.18 <0.001

Table 1 Demographic and clin-
ical characteristics of patients
before and after the treatment

Results are expressed as mean ±
SEM, except for percentages.
P≤0.05 is statistically
significant

TLC total leukocyte count,
DLC differential leukocyte count,
SGOT serum glutamate
oxaloacetate transaminase, SGPT
serum glutamate pyruvate
transaminase, HDL high-density
lipoprotein, MBP mean blood
pressure

766 Clin Rheumatol (2010) 29:763–770



Discussion

The present study has demonstrated the improvement of
both endothelial dysfunction and inflammatory disease
activity with single dose of a TNF-α inhibitor, infliximab,
in anti-TNF-naïve patients with established AS not
responding to long-term DMARD therapy. We found that
improvement in all the functions remained intensified for at
least 12 weeks post-infusion. Improvement in endothelial
dysfunction along with the disease activity provides a
promising strategy to manage spondylitis and its athero-
sclerotic complications. It is the first study to date that
shows efficacy of a single dose of TNF-alpha blockade with
infliximab as an adjunct with sulfasalazine in targeting
endothelial dysfunction in ankylosing spondylitis patients.

Systematic histological studies of vascular changes in
spondyloarthritides or AS patients are sparse. Data on

endothelial dysfunction in AS continue to emerge [2, 11],
while the disease creates “favorable” conditions for
endothelial lesion and the development of endothelial
dysfunction [29]. A study by Caliskan et al. [30] revealed
that coronary flow reserve was significantly lower in AS
patients, suggesting impaired coronary microvascular func-
tion. Mathieu et al. [31] found a trend toward increased
subclinical atherosclerosis in AS patients, but reports no
improvement in arterial stiffness in ten patients treated with
14 weeks of infliximab therapy. Sari et al. [2] measured
carotid artery intima-media thickness (IMT) and FMD of
the brachial artery to assess endothelial function in patients
with AS. This study revealed that IMT was not different
between AS and healthy controls, but FMD was, however,
significantly lower in AS patients, suggesting impaired
endothelial function. In another study, Van Eijk et al. [8]
demonstrated microvascular dysfunction (which is linked to
several cardiovascular risk factors) in AS. This study
revealed that endothelial-dependent vasodilatation of the
skin as measured by laser Doppler fluxmetry technique
improves after 1 month of treatment with anti TNF-α
etanercept in AS patients with active disease. Moreover, in
this study, a significant correlation was also observed
between changes in endothelium-dependent vasodilatation
and changes in ESR (r=−0.56, p=0.03) after treatment with
etanercept [8]. Improvement in endothelium-dependent
vasodilatation with infliximab in the present study and by
etanercept (the study by Eijk et al.) suggests that improve-
ment in endothelial dysfunction could be a group effect of
anti-TNF targeting therapies.

Elevated levels of CRP may contribute to the develop-
ment of atherosclerosis as an independent risk factor [5]. In
the present study, a significant correlation was observed
between FMD and CRP at baseline (p<0.01) and between
changes in endothelium-dependent vasodilatation and
changes in CRP (p<0.05) after the treatment. Interestingly,
impaired coronary microvascular function and the im-
proved microvascular function in AS correlated well with
CRP, suggesting a detrimental effect of inflammation on
vascular function. Our findings support this hypothesis by
demonstrating that blocking TNF-α with infliximab results
in the improvement of endothelium-dependent vasodilation.
In patients with RA, the ability of biologic [16] and non-
biologic therapy [32] to improve endothelial function has
already been demonstrated by brachial ultrasonography, but
this has not been the case in AS so far. TNF-α contributes
to microvascular dysfunction [8]. This is possibly because
TNF-α blocks the activation of eNOS by interfering with
Akt phosphorylation, which is essential for flow-dependent
vasodilatation. In addition, TNF-α directly degrades eNOS
mRNA [33, 34]. In addition to the specific TNF-α effects
on endothelium function, it is likely that in line with the
inflammation-driven atherosclerosis, improvement in endo-

R = -0.59, p < 0.05
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Fig. 3 Correlation of FMD and CRP after 12 weeks treatment

Table 2 Correlation of FMD and serum nitrite with various variables

Variables FMD Serum nitrite

r value p value r value p value

Age −0.38 0.27 −0.38 0.27

Total cholesterol 0.22 0.53 0.66 0.03*

Triglycerides 0.16 0.65 0.43 0.21

HDL 0.27 0.44 0.66 0.61

Serum nitrite 0.11 0.75

BASDAI 0.07 0.83 0.06 0.86

BASFI 0.02 0.93 0.64 0.04*

Early morning stiffness 0.29 0.40 0.12 0.72

Brachial artery diameter 0.51 0.13 −0.33 0.34

ESR 0.05 0.87 −0.11 0.75

CRP −0.72 <0.01* 0.07 0.83`

*p < 0.05
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thelial dysfunction was the result of a generally decreased
inflammatory burden as evidenced by a significant decline
in the inflammatory biomarkers—CRP and ESR—and
serum nitrite. Hence, it appears that endothelial dysfunction
is accelerated by inflammation, and as the inflammation
decreases, it improves the endothelial function.

FMD depends on the production of NO, and other
vasodilators by the endothelium and inflammation have the
potential to impair FMD by reducing the bioavailability of NO
[35]. Our findings of apparently low FMD values (9.81±
1.70%) at baseline are in accordance with the previous
findings of Sari et al. [2] [14.1±6.7% (patients) vs. 17.6±8%
(control), p=0.03] in AS patients. This blunted vasodilator
response to FMD implies a decrease in NO bioavailability
which may be caused by a decreased expression of eNOS,
lack of substrate or cofactors for eNOS, alteration in the
signaling pathways activating eNOS, and/or accelerated
degradation of NO by reactive oxygen species [36].
Improvement in FMD and decrease in NO concentration
after treatment with infliximab suggests that there is
decreased inflammation-induced nitric oxide synthase
(iNOS) expression and thus NO production through an
increase in endothelial (eNOS) expression. Increase in the
FMD response but not the NTG response after treatment
suggests that there is increased NO bioavailability but not the
sensitivity of vascular smooth muscle to NO [37].

As NO levels are influenced by nitrate-rich foods and
alcoholic beverages, they were measured when they had
reached a steady-state plasma concentration (after at least
14 h of fasting) [38]. This was based on the observations
from a Japanese study which proved that overnight fasting
(9–10 h) is not sufficient for measuring steady-state plasma
concentrations of NO, and randomly collected blood
samples show nearly ten times higher serum nitrate and
nitrite concentrations. Even an extremely NO-restricted diet
needs 13 h to reach a steady-state concentration [27].

There are no characteristic diagnostic laboratory tests for
spondyloarthropathies. ESR and CRP relate more to
peripheral than to axial arthritis [1]. Serum nitrite has the
potential to emerge as a much better biomarker in AS than
the currently used biomarkers like ESR and CRP because
they show poor correlation with disease activity [39].
Recently, Sari et al. [40] has reported increased asymmetric
dimethylarginine (ADMA) levels in relatively young AS
patients who did not have classical CV risk factors,
suggesting that NO metabolism is impaired in AS. ADMA,
an endogenous inhibitor of NO, is associated with reduced
nitric oxide synthesis and vascular dysfunction [41].
Elevated ADMA level is recognized as a novel risk marker
for cardiovascular disease and mortality [42]. Thus, on one
side, inflammatory cascade inhibits eNOS activity due to
elevated ADMA levels, leading to a decrease in NO
biosynthesis and, on the other side, accelerates iNOS

activity, leading to increased nitrite level and endothelial
dysfunction.

In the present study, improvement in all the inflamma-
tory variables like BASDAI and BASFI scores, morning
stiffness, and pain intensity shows that the protective effect
of infliximab infusion was conserved for at least 12 weeks
post-infusion. Significant correlation between BASFI and
serum nitrite reveals that a decrease in nitrite concentration
leads to functional improvement. The effect of infliximab
on serum nitrite level in AS has not been reported so far.

In the present study, total cholesterol and total choles-
terol/HDL ratio were decreased significantly (p<0.001),
though within normal range. Deterioration of the athero-
genic index (the ratio between total cholesterol and HDL
cholesterol) is an important cardiovascular risk factor
indicator [43]. Infliximab has been shown to have a
variable effect on cholesterol level. A study by Popa et al.
[44] reports an increase of HDL-cholesterol and a decrease
of CRP and IL-6 after 2 weeks of infliximab treatment. A
study by Kiortsis et al. [43] revealed an increase in total
cholesterol levels, but atherogenic indices (total cholesterol/
HDL-cholesterol and triglyceride/HDL-cholesterol ratios)
were not altered after 6 months of infliximab treatment.
Increase in total cholesterol has also been found to be
correlated with increased serum nitrite level. Here, acute
arrest of inflammation by single infliximab injection has
resulted in a decrease in total cholesterol level in short run
by an unknown mechanism as opposed to its effects
observed in other studies. Moreover, patients were lacking
NSAIDs (non-selective COX inhibitors) linked atherogenic
cardiovascular adverse effects, as has been reported in an
earlier study by Farkouh et al. [45]. Thus, the present study
suggests a safe effect of a single dose of infliximab on the
atherogenic index.

Our results suggest that patients who are chronically ill
and partly disabled by ankylosing spondylitis could have
more than palliative treatment. It is significant that the
benefits resulted from a single infliximab dose and were
conserved for at least 12 weeks post-administration, which
was the study end point. Although this was an open-label,
pilot study without a control group or randomization, it is
very unlikely that the high percentage of response (90% of
the treated patients) was due to a placebo effect of
intravenous infusions; such an effect would be expected
in no more than 30% of the patients. The evidence that the
anti-TNF alpha therapy with infliximab was efficacious is
further strengthened by the fact that all the patients had
persistently active disease for at least several months. In
addition, the fact about the significantly decreased serum
levels of the best currently available biomarkers of
inflammation, CRP, ESR, and nitrite can hardly be
explained by a placebo effect. The most significant
limitation of this study was the small sample size and
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limited statistical power, and that may be the probable
reason for not detecting the direct correlation between
markers of inflammation and endothelial dysfunction.
Despite these limitations, this study demonstrates improve-
ment of endothelial function and inflammatory disease
activity. The present results must be explored further in
large-sized double-blind clinical trials so that the true
potential of efficacy of infliximab in improving endothelial
dysfunction in AS could be found.
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