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ABSTRACT
Background Ankylosing spondylitis (AS) is associated
with an increased cardiovascular risk that might be due to
the chronic underlying inflammatory process. We
investigated whether subclinical atherosclerosis of the
carotid artery in patients with AS was reduced after anti-
inflammatory treatment with tumour necrosis factor (TNF)
inhibitors in a prospective observational cohort study.
Methods 67 out of 81 AS patients who used TNF
inhibitors and underwent ultrasonography at baseline
returned for follow-up after 4.9 years. Of all patients,
12 (15%) discontinued the use of TNF inhibitors.
Assessments of medication use, AS-related factors and
cardiovascular risk factors were measured at baseline and
repeated at follow-up. B-mode carotid ultrasonography
was used to investigate arterial wall parameters, including
carotid intima-media thickness (cIMT) and Young’s elastic
modulus (YEM).
Results After a median 4.9 years of follow-up, cIMT did
not change significantly (paired t test +0.011 mm,
p=0.561) in those who continued the use of TNF
inhibitors, while cIMT increased substantially (+0.057 mm,
p=0.069) in those who did not continue their use of TNF
inhibitors. The effect of TNF inhibitors was mainly
mediated by a subsequent decrease in AS disease activity.
Vascular elasticity (as measured with YEM) did not
change significantly in patients who discontinued TNF
inhibitors or those who continued TNF inhibitors.
Conclusions The use of TNF inhibitors might stabilise
or slow down the progression of subclinical atherosclerosis
in AS patients, reflecting a decreased cardiovascular risk
in these patients.

INTRODUCTION
Ankylosing spondylitis (AS), a chronic inflamma-
tory disease of the sacroiliac joints and spine, is
associated with an increased risk of cardiovascular
disease.1 2 Although specific cardiovascular disor-
ders (valvular disease and conduction disturbances)
occur more frequently in AS,3–5 accelerated athero-
sclerosis also renders these patients more at risk of
cardiovascular disease.6 Increased cardiovascular
risk factors as well as the generalised inflammatory
state contribute to the atherosclerotic process.7

High-resolution ultrasonography can be used to
determine carotid intima-media thickness (cIMT) and
vascular elasticity at the carotid arteries. In the general
population, an increased cIMT is associated with an
increased risk of cardiovascular disease,8 9 which was
also the case in rheumatoid arthritis (RA).10

A decreased vascular elasticity indicates compromised
intrinsic elastic wall properties (which can be measured
with Young’s elastic modulus; YEM) and is independ-
ently associated with cardiovascular disease.11 12

In AS, several studies have shown an increased
cIMT and an impaired vascular elasticity.13–17

However, it is unclear whether inflammation reduc-
tion by tumour necrosis factor (TNF) inhibitors
improves the risk of cardiovascular disease as mea-
sured by subclinical markers of atherosclerosis,
such as cIMT and vascular elasticity. Available data
on the effects of TNF inhibitors on cIMT and vas-
cular elasticity in AS show discrepant findings,
mostly due to the short follow-up period (<1 year)
and low number of subjects (n<30).15 18–20 We
hypothesise that TNF inhibition leads to more
favourable developments in cIMTand vascular elas-
ticity. A placebo controlled randomised trial with
TNF inhibitors in patients with active AS for this
particular purpose is, for ethical reasons, not pos-
sible. Therefore, we longitudinally assessed cIMT
and vascular elasticity in a cohort of AS patients
using TNF inhibitors at baseline, and compared
those AS patients who discontinued TNF inhibitors
during follow-up to those who did not.

METHODS
Study population and design
Eighty-one consecutive AS patients were included
in this study at baseline from the Jan van Breemen
Research Institute-Reade and VU University
Medical Center in Amsterdam, The Netherlands.13

All patients fulfilled the modified New York diagnos-
tic criteria of AS. Before inclusion in the study, all
patients gave written informed consent (according to
the principles reported in the Declaration of Helsinki)
and the institutional ethics committee of both hospi-
tals approved the study protocol. The present study
was a prospective, observational study in patients
with AS who received treatment with TNF inhibi-
tors (70 patients on etanercept, 11 on adalimumab),
when they had active disease in accordance with the
Assessment of SpondyloArthritis Society (ASAS)
guidelines for anti-TNF treatment.21 Clinical, labora-
tory and ultrasound examinations in patients were
performed at baseline (before the first administration
with TNF inhibitors) and after 5 years of follow-up.

Ultrasound examination
Ultrasound examination at baseline and at follow-up
were performed by two observers using similar
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protocols, standard operating procedures and equipment.13

Both observers performed a reproducibility test of which the
interobserver variability was good (intraclass correlation coeffi-
cient 0.861). Measurements were performed as described
before.13 In short, a 7.5-MHz linear probe, connected to a com-
puter equipped with vessel wall movement detection software
and an acquisition system (wall track system; Pie Medical)
enabled measurements of the cIMT. After localisation of the
right common carotid artery, cross-sectional measurements were
performed 10 mm proximal of the carotid bulb. Sites with
mural atherosclerotic plaques were avoided due to difficulty in
identifying carotid arterial parameters in these regions. The dis-
tance between the lumen–intima interface and the leading edge
of the media–adventitia interface of the far wall corresponds
with cIMT. (Inter-adventitial) diameter was considered the dis-
tance between media–adventitia of far and near walls of the
carotid artery. Change in diameter as a function of time (disten-
sion) was estimated and presented on the computer screen as dis-
tensibility. Measurements of cIMT, diameter and distension were
ECG triggered to the R-peak of the cardiac cycle. Distensibility
coefficient (DC) (reflecting arterial elastic properties), compliance
coefficient (C) (reflecting arterial buffering capacity) and YEM
(reflecting intrinsic elastic wall properties) were calculated from
diameter (D), distension (d) and pulse pressure (P):13

DC=(2d×D+d2)/(P×D2) in 10−3×kPa−1

CC=π×(2D×d+d2)/(4×P) in mm2×kPa−1

YEM=D/(cIMT×DC) in kPa

Other measurements
Ascertainment of cardiovascular risk factors and AS-related
factors was done at baseline and follow-up according to similar
standard operating procedures. Smoking history, use of medica-
tions and history of cardiovascular risk factors and/or diseases
were ascertained via questionnaire. Body mass index was calculated
as the ratio of weight and squared height. Hypertension was
defined as systolic blood pressure (SBP) over 140 mmHg and/or
diastolic blood pressure (DBP) over 90 mmHg and/or the current
use of antihypertensive medication. Mean arterial pressure was
defined as ((2×DBP)+SBP)/3. Total cholesterol, high-density lipo-
protein (HDL)-cholesterol, triglycerides, erythrocyte-sedimentation
rate (ESR) and C-reactive protein (CRP) were determined from
fasting blood samples by enzymatic techniques, as previously
described. Low-density lipoprotein (LDL)-cholesterol and the total-
to HDL-cholesterol ratio were calculated. AS-related disease activity
was assessed with the AS disease activity score (ASDAS) and the
Bath AS disease activity index (BASDAI).22 23 Outcome parameters
of response according to the ASAS guidelines were calculated:
ASAS-20 (20% improvement), ASAS-40 (40% improvement) and
ASAS partial remission (low disease activity).23

Statistical analyses
Results were expressed as means±SD, medians (IQR) or percen-
tages, when appropriate. Changes in cardiovascular risk factors,
AS-related factors and arterial wall characteristics were analysed
using paired t tests, while changes in medication use were ana-
lysed using the non-parametric paired test (Wilcoxon’s
signed-ranks), stratified for patients who continued or discontin-
ued the use of TNF inhibitors. To generate sufficient contrast
between patients who stopped TNF inhibitors and those who
continued treatment, only patients who discontinued treatment
within 2.5 years (n=9) were considered to have ceased TNF
inhibitors. Two patients who discontinued TNF inhibitors after
2.5 years were excluded from further analyses, as these might
have received sufficient beneficial effects of TNF inhibitors (due

to cumulative exposure) to skew the association between the use
of TNF inhibitors and changes in carotid arterial wall proper-
ties. Linear regression was used to analyse the associations
between duration of use of TNF inhibitors and changes in arter-
ial wall properties after follow-up, additionally adjusting for
demographics, cardiovascular risk factors and AS-related factors
at baseline. Possible confounders were considered according to
available literature and by selecting variables on the basis of the
effect on the original estimate of the exposure effect. Mediation
of the association by changes in disease activity parameters or
duration of treatment was analysed using the method of Kruskall
and McKinnon. Correlations between changes in arterial wall
characteristics and cardiovascular risk factors or AS-related
factors were investigated using Spearman’s non-parametric correl-
ation. All data were analysed using the Statistical package for
social sciences V.17.0, and results were considered statistically sig-
nificant with two-sided p values less than 0.05.

RESULTS
Population characteristics
In total, 81 patients were eligible for the study, of whom 69 AS
patients were still on TNF inhibitors after 5 years, while nine
AS patients discontinued treatment within the first 2.5 years of
follow-up (median 1.0 years, range 0.2–2.3). Fourteen patients
dropped out of the study because they refused follow-up visits
or moved out of the area (figure 1). After approximately 5 years
of follow-up, 65 AS patients, of whom 56 were still using TNF
inhibitors, underwent examination. Table 1 summarises the
demographic parameters at baseline of all AS patients who com-
pleted follow-up. Results were stratified according to the use of
TNF inhibitors at follow-up. Compared to those who discontin-
ued TNF inhibitors, patients who continued their use of TNF
inhibitors were more often men, but were otherwise similar
with respect to cardiovascular risk factors and AS-related factors
(table 2). cIMT and YEM at baseline were higher in patients
who later on continued their use of TNF inhibitors, albeit not
statistically significantly so. Furthermore, in patients who contin-
ued their use of TNF inhibitors at 5 years of follow-up, all
AS-related factors (BASDAI, ASDAS, ESR and CRP) improved
significantly and more often achieved response criteria (ASAS20,
ASAS40 and ASAS partial remission criteria), compared to
patients who discontinued their use of TNF inhibitors.

Changes in carotid arterial properties
In patients who discontinued TNF inhibitors, cIMT increased
substantially: +0.057 mm (p=0.069), while YEM and arterial
diameter did not change (+0.24 kPa and +0.2 mm, respect-
ively). In patients who continued their use of TNF inhibitors,
cIMT remained stable (+0.011 mm, p=0.561), while diameter
and YEM decreased (−0.2 mm and −0.29 kPa). In both group
of patients, distension was reduced, while DC and CC did not
change substantially (table 2). Regression analyses showed that
the duration of treatment with TNF inhibitors was associated
with changes in arterial wall parameters, mainly with changes in
cIMT (table 3). After adjustment for the confounders age,
gender, total to HDL-cholesterol ratio and ASDAS, the associ-
ation between the duration of TNF inhibitor use and favourable
changes in cIMT remained strong, albeit not statistically signifi-
cantly, regression coefficient (95% CI): −0.021 (−0.044 to
0.002), p=0.073. Additional adjustment for discontinuation of
TNF inhibitors and changes in ASDAS seem to explain the asso-
ciation between the duration of TNF inhibitor use and favour-
able changes in cIMT as the regression coefficients (95% CI)
normalised: −0.022 (−0.070 to 0.026), p=0.369 and −0.010
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(−0.031 to 0.010), p=0.319, with a respective mediation effect of
32% and 33%. No co-linearity or effect modification between dur-
ation of use of TNF inhibitors and age or disease duration was
observed. In addition, although non-steroidal anti-inflammatory
drug (NSAID) use decreased significantly in patients who contin-
ued to use TNF inhibitors compared to patients who discontinued
TNF inhibitors (63% vs 11%), there was no confounding or effect
modification of discontinuation of NSAID with favourable changes
in arterial wall parameters (data not shown).

Correlations between changes in carotid arterial parameters
and cardiovascular or AS factors
A statistically significant correlation coefficient was found between
improvements in AS disease activity (BASDAI) and changes in
cIMT, correlation coefficient: 0.308 (p=0.013). Results remained
essentially similar when only patients who continued their use of
TNF inhibitors were included in analyses.

DISCUSSION
The main results from this study indicate that in patients with
AS who continue their use of TNF inhibitors cIMT progression

slows down compared to normal cIMT progression in those
who discontinued TNF inhibitors. In patients with AS who con-
tinued treatment with TNF inhibitors a mean increase in cIMT
of +0.011 mm over 5 years was observed. In comparison,
earlier studies in RA have shown an annual increase in cIMT of
0.016 mm/year,24 which is more or less comparable to the
increase in cIMT over 5 years of follow-up in patients who dis-
continued the use of TNF inhibitors (+0.057 mm/year). Also,
treatment with TNF inhibitors was associated with a more
favourable change in cIMT, which mediation analyses have
shown to be caused by the duration of treatment and changes in
disease activity (as measured with BASDAI). This might imply
that the continued use of TNF inhibitors or beneficial changes
in AS disease activity substantially influence the association
between the duration of treatment with TNF inhibitors and
favourable changes in cIMT. Favourable changes in AS-related
factors were correlated with favourable changes in cIMT.

To date, some studies have reported an increased cIMT and
impaired vascular elasticity in AS.13–16 25 One cross-sectional
study showed that AS patients on TNF inhibitors did not have a
significantly higher cIMT or vascular stiffness (measured with

Figure 1 Flowchart of study
population. TNF, tumour necrosis
factor.

Table 1 Demographic factors and outcome measures

Total population
(n=65)

Discontinued TNF inhibitors
at follow-up (n=9)

Continued TNF inhibitors
at follow-up (n=56)

Demographic factors
Age, years 44±12 37±12 44±12
Male gender, % 64 33 71*
Previous cardiovascular disease, % 6 0 6

HLA-B27, % 73 67 75
Disease duration, years 10.1 (4.4–15.0) 6.1 (3.0–13.9) 10.1 (4.5–15.0)

Outcome measures
Duration of anti-TNF treatment, years 4.8 (3.9–5.3) 1.0 (0.5–1.3)† 4.9 (4.3–5.4)*
ASAS 20 response, % 58 22 66*
ASAS 40 response, % 49 22 55
ASAS partial remission, % 21 0 25

Results presented as means±SD, percentage or median (IQR).
*p<0.05 for differences in demographic factors and outcome measures between patients who later discontinued TNF inhibitors and those who continued.
†Minimum and maximum duration of therapy in patients who discontinued treatment: 0.2–2.3.
ASAS, Assessment of SpondyloArthritis Society; TNF, tumour necrosis factor.
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pulse-wave velocity) compared to AS patients on NSAID.26 More
recently, a prospective study in inflammatory arthropathies (includ-
ing only a small number of AS patients) showed that after 1 year
treatment with TNF inhibitors, cIMT and pulse-wave velocity
improved significantly.19 Another study in 28 AS patients, treated
with TNF inhibitors over 24 weeks, did not show an improvement
of vascular elasticity.18

Previous results from our group already corroborated the
greater cIMT in AS patients as well as an increased prevalence
of myocardial infarction.13 14 27 In addition, we previously
demonstrated an improved endothelium-dependent vasodilation

and capillary recruitment in skin (indicators of microvascular
function), directly after the use of TNF inhibitors.15 17 28 In
line with these results, the current investigation found favour-
able changes in arterial wall properties with the use of TNF
inhibitors that was associated with improvements in AS-related
disease activity parameters and lipid levels. It is conceivable that
an inflammatory-driven atherogenesis is dampened by the use of
strong anti-inflammatory treatment by TNF inhibitors. Studies
in RA have demonstrated that TNF inhibitors have a protective
effect against cardiovascular disease incidence and several trad-
itional and novel cardiovascular risk factors, such as endothelial

Table 2 AS and cardiovascular- related factors and arterial wall properties at baseline and follow-up

Discontinued TNF inhibitors at follow-up (n=9) Continued TNF inhibitors at follow-up (n=56)

Baseline Follow-up Change Baseline Follow-up Change

AS-related factors
NSAID use, % 100 89 −11 98 35 −63*
BASDAI, range 0–10 6.7±1.2 5.6±1.8 −1.1 6.1±1.3 3.3±2.3 −2.8*
ESR, mm/h 8 (3–28) 9 (7–18) +1 17 (6–32) 5 (2–18) −12*
CRP, mg/L 3 (1–15) 4 (3–10) +1 8 (3–26) 3 (1–6) −5*
ASDAS 3.23±0.87 2.87±0.89 −0.36 3.62±0.70 2.04±0.99 −1.6*

Cardiovascular risk factors
SBP, mm Hg 123±22 117±22 −6 125±15 122±14 −3*
DBP, mm Hg 68±12 76±12 +8 72±10 80±8 +8*
Pulse pressure, mm Hg 54±12 41±15 −13 54±9 41±10 −13
Mean arterial pressure, mm Hg 88±16 90±14 +2 90±12 94±9 +4*
Current smoking, % 56 56 − 35 30 −5
Total cholesterol, mmol/L 4.93±1.18 5.35±2.33 +0.42 5.12±0.96 5.47±1.21 +0.35*
LDL-cholesterol, mmol/L 2.96±0.58 3.41±1.53 +0.45 3.07±0.82 3.29±1.18 +0.22
HDL-cholesterol, mmol/L 1.26±0.38 1.25±0.28 −0.01 1.45±0.77 1.45±0.42 −
Total/HDL-cholesterol ratio 4.09±1.02 4.18±0.92 +0.09 3.89±1.09 4.17±1.85 +0.28
Body-mass index, kg/m2 29.3±9.5 28.5±7.0 −0.8 26.1±4.2 27.8±4.2 +1.7*

Carotid arterial properties
cIMT, mm 0.626±0.077 0.683±0.117 +0.057 0.655±0.107 0.667±0.176 +0.011
Diameter, mm 6.8±1.2 7.0±1.1 +0.2 7.4±1.0 7.2±1.1 −0.2*
Distension, micrometer 582±244 451±194 −131* 508±151 444±129 −64*
DC, kPa 11.1 (7.6–23.4) 10.2 (4.7–21.3) −0.9 9.6 (5.4–15.2) 10.6 (6.8–16.5) +1.0
CC, mm2×kPa 0.5 (0.3–0.6) 0.5 (0.2–0.7) −0.01 0.4 (0.3–0.6) 0.4 (0.2–0.6) –

YEM, kPa 1.0 (0.5–1.7) 1.2 (0.4–2.0) +0.24 1.3 (0.7–2.1) 1.0 (0.7–1.8) −0.29

*p<0.05 for change in AS- and cardiovascular-factors and arterial properties stratified for patients who later discontinued TNF inhibitors and those that continued. Results presented as
means±SD, percentages or median (IQR). At baseline, no significant differences were noted in AS-related or cardiovascular risk factors or carotid arterial properties.
AS, alkylosing spondylitis; ASDAS, AS disease activity score; BASDAI, Bath AS disease activity index; CC, compliance coefficient; cIMT, carotid intima-media thickness; CRP, C-reactive
protein; DBP, diastolic blood pressure; DC, distensibility coefficient; ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; LDL, Low-density lipoprotein; NSAID, non-steroidal
anti-inflammatory drug; SBP, systolic blood pressure; TNF, tumour necrosis factor; YEM, Young’s elastic modulus.

Table 3 Linear regression analyses of duration of TNF inhibitor treatment and changes in carotid arterial wall properties

Changes in cIMT Changes in distension Changes in DC Changes in CC Changes in YEM

Crude RC (95% CI)
p value

−0.015 (−0.04 to 0.01)
0.156

0.015 (−0.01 to 0.03)
0.109

0.30 (0.71 to 1.31)
0.552

0.006 (−0.03 to 0.04)
0.711

−0.61 (−1.16 to −0.05)
0.033

Model 1 RC (95% CI)
p value

−0.017 (−0.04 to 0.01)
0.113

0.010 (−0.01 to 0.03)
0.275

0.11 (−0.94 to 1.16)
0.833

−0.001 (−0.04 to 0.03)
0.958

−0.47 (−1.03 to 0.10)
0.104

Model 2 RC (95% CI)
p value

−0.020 (−0.04 to 0.01)
0.070

0.014 (−0.01 to 0.03)
0.158

0.34 (−0.72 to 1.39)
0.525

0.006 (−0.03 to 0.04)
0.750

−0.47 (−1.06 to 0.11)
0.111

Model 3 RC (95% CI)
p value

−0.021 (−0.04 to 0.01)
0.073

0.010 (−0.01 to 0.03)
0.324

0.072 (−1.04 to 1.18)
0.896

−0.002 (−0.04 to 0.04)
0.914

0.100 (−0.28 to 0.48)
0.597

Results expressed as regression coefficients (95% CI), with p values.
Model 1: Adjustment for age and gender.
Model 2: Adjustment for age, gender and total/HDL-cholesterol ratio.
Model 3: Adjustment for age, gender, total/HDL-cholesterol ratio and ASDAS.
AS, alkylosing spondylitis; ASDAS, AS disease activity score; CC, compliance coefficient; cIMT, carotid intima-media thickness; DC, distensibility coefficient; HDL, high-density lipoprotein;
TNF, tumour necrosis factor; YEM, Young’s elastic modulus.
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dysfunction and insulin resistance.29 30 As the progression of
subclinical atherosclerosis in RA is not linear and the rate at
which the cIMT increases per unit of age steepens in proportion
to the RA duration, being more severe in those with disease dur-
ation longer than 10 years,31 it is possible that the beneficial
effect of TNF inhibitors to decrease the progression of athero-
sclerosis may be more relevant in those with short disease dur-
ation before the use of this biological therapy.

Our study has some limitations that should be acknowledged.
First, a single-point measuring technique was used to determine
carotid arterial wall parameters. Thus, results may have been
influenced by local variability of the investigated arterial
segment. However, by using the same ultrasound protocol we
did define the exact location on the carotid artery where mea-
surements were made in all participants. Second, as the studied
population consisted of AS patients with high disease activity,
we cannot convey the same results to AS patients with low
disease activity. Third, power constraints limited the comparison
in changes in arterial wall parameters between patients who dis-
continued and continued therapy. Finally, ultrasound examin-
ation was performed at 5 years of follow-up, irrespective of the
discontinuation of TNF inhibitors; therefore, the changes in
cIMT that occur between discontinuation and follow-up exam-
ination are as yet unknown.

Our investigation indicates that AS patients who are treated
with TNF inhibitors exhibit a substantially slower progression
of cIMT compared to those who discontinued TNF inhibitors.
Improvements in AS-related factors and lipids, respectively,
might be related to these improvements. However, whether
these favourable changes extend to a decreased cardiovascular
disease incidence in AS remains to be answered. Larger studies
and further investigation into the potential of TNF inhibitors
protecting against cardiovascular disease in AS is warranted.
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