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Abstract
Objective
To determine if the use of carotid ultrasonography (US) may improve the cardiovascular (CV) risk stratification in
patients with ankylosing spondylitis (AS).

Methods
A set of 127 consecutive patients without history of CV events, diabetes mellitus or chronic kidney disease that fulfilled
definitions for AS according to the 1984 modified New York criteria were recruited to assess carotid intima-media
thickness and presence of plaques. CV risk was calculated according to the systematic coronary risk evaluation (SCORE),
the Framingham Risk Score (FRS) and the Reynolds Risk Score (RRS).

Results
Men outnumbered women (61.4%). The mean+SD age at the time of the study was 44.5+11.6 years. The median
(interquartile range-IQR) disease duration was 13 (7-22) years. The median (IQR) BASDAI at the time of the study was
3.65(1.7-4.9). HLA-B-27 was positive in 77.2%, and syndesmophytes were present in 38.9%. Carotid plaques were found
in 43 (33.9%). Regardless of the algorithm used for CV risk stratification, more than 50% of the patients classified as
having moderate CV risk had carotid plaques. Moreover, 20.8%, 24.6% and 53.3% of AS that fulfilled the category of low
CV risk according to the total cholesterol (TC)-SCORE, FRS and RRS, respectively had carotid plaques. A model that
included patients with a chart TC-SCORE =5% or TC-SCORE =1% <5% plus carotid plaques or TC-SCORE <1% and
CRP >3 mg/L at diagnosis plus syndesmophytes and carotid plaques or TC-SCORE <1% and CRP >3 mg/L at diagnosis
plus extraarticular manifestations plus carotid plaques yielded the highest sensitivity (93.0%) for high/very high CV risk
in these patients. The presence of syndesmophytes was associated with increased risk of carotid plaques in AS that fulfilled
definitions for low CV risk according to the TC-SCORE (OR 8.75 [95% CI 2.11-36.40]; p=0.002).

Conclusion
Our results support the use of carotid US in the assessment of CV risk in patients with AS.

Key words
ankylosing spondylitis, cardiovascular disease, ultrasonography, SCORE, carotid ultrasonography.

Clinical and Experimental Rheumatology 2016; 34: 885-892.



Carotid US and cardiovascular risk stratification in AS / J. Rueda-Gotor et al.

Javier Rueda-Gotor, MD

Javier Llorca, MD, PhD*

Alfonso Corrales, MD, PhD
Ricardo Blanco, MD, PhD

Patricia Fuentevilla, BSc

Virginia Portilla, BSc

Rosa Exposito, MD

Cristina Mata, MD

Trinitario Pina, MD, PhD

Carlos Gonzdlez-Juanatey, MD, PhD
Miguel A Gonzdlez-Gay, MD, PhD*

*Drs. Llorca and Gonzdlez-Gay shared
senior authorship in this study.

Please address correspondence to:
Dr. Miguel A. Gonzdlez-Gay,
Epidemiology, Genetics and
Atherosclerosis Research Group

on Systemic Inflammatory Diseases,
IDIVAL, University of Cantabria,
Avenida de Valdecilla s/n,

39008 Santander, Spain.

E-mail: miguelaggay@ hotmail.com

Received on January 14, 2016; accepted in
revised form on February 22, 2016.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2016.

Competing interests: none declared.

Introduction

As occurs with other chronic inflamma-
tory diseases, increased cardiovascular
(CV) risk is observed in ankylosing
spondylitis (AS) (1). A recent popula-
tion-based retrospective study reported
36% higher risk of CV mortality in AS
patients compared with the general
population (2). Atherosclerotic-related
CV events such as ischaemic heart dis-
ease or cerebrovascular disease were
found to be increased in a cohort of
8616 AS patients (3). The elevated CV
risk seems to be associated with a pro-
cess of accelerated atherosclerosis.
Impairment of endothelial function,
which is considered an early step in the
development of atherosclerosis, is ob-
served in patients with AS (4-6), and
high prevalence of subclinical macro-
vascular disease, manifested by carotid
plaques and increased carotid intima-
media wall thickness (cIMT) (7-10),
was also observed in patients with AS.
Besides higher prevalence of the tradi-
tional CV risk factors (11), different re-
lated-disease factors, such as the under-
lying chronic inflammatory burden (7,
10), the duration of the disease (4, 7) or
the coexistence of extraaarticular mani-
festations (8), have been implicated in
this accelerated atherosclerotic process.
Because of that, adequate strategy to
prevent the development of CV disease
is a key issue in the management of pa-
tients with AS (12).

Risk calculators used to predict the indi-
vidual’s absolute risk for CV disease in
the general population incorporate age,
sex, lipid levels, smoking and blood
pressure. In Europe, the 2012 “Europe-
an Guidelines on CV disease prevention
in clinical practice” recommended using
the systematic coronary risk evaluation
(SCORE) (13). Other CV risk calcula-
tors widely used in North America are
the Framingham Risk Score (FRS) (14)
and the Reynolds Risk Score (RRS)
(15). In addition to the traditional CV
risk factors, the RRS also includes the
serum level of high sensitivity C -reac-
tive protein (hsCRP), an indirect way to
determine the presence of an inflamma-
tory condition.

However, these risk algorithms were
found to underestimate the actual CV
risk of patients with rheumatoid arthri-
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tis (RA), It was especially true for the
subgroups of patients included in the
categories of low and intermediate CV
risk (16-18). Because of that, a task
force of the European League Against
Rheumatism (EULAR) proposed to
adapt the CV risk management calcu-
lated in RA patients according to the
SCORE function by applying a mul-
tiplier factor of 1.5 in patients with
disease factors identified as pro-ather-
ogenic (19).

In keeping with reports on RA, a recent
study has confirmed that the CV risk
in patients with AS is often underesti-
mated (20). The authors of this study
found a 10-year cumulative incidence
of CV events three times higher than
the predicted based on the FRS. How-
ever, despite its recognition as a disease
associated with increased CV risk, the
EULAR recommendations do not sug-
gest the use of a multiplier factor in AS
justas it does in RA, because of the lim-
ited evidence available at the time of its
publication (19).

Taking into account all these consid-
erations, the search for additional tools
that may identify high risk AS patients,
who may benefit from active therapy to
prevent CV events, is required. It may
be of major importance in AS patients
who are not included in the categories
of high or very high CV risk according
to the risk charts. In this regard, high-
resolution B-mode ultrasound (US) of
the carotid artery was proposed by the
2012 European Guidelines on CV dis-
ease as a validated instrument useful to
redefine risk assessment in individuals
with moderate CV disease risk profile
(13). The detection of carotid plaques
or the existence of a carotid intima-
media wall thickness (cIMT)>0.90 mm
by carotid US are considered as expres-
sion of subclinical organ damage and
their presence automatically implies a
very high CV risk (13). Both findings
were found to be good predictors of
CV events in low and intermediate risk
groups of non-rheumatic individuals,
and they have demonstrated to provide
additional value also to the FRS when
predicting CV events (21, 22).

The presence of subclinical atheroscle-
rosis has demonstrated to be a predic-
tor factor for CV events in patients
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with RA. In these patients the presence
of plaques in both carotid arteries has
been found to multiply by four the risk
of acute coronary syndromes compared
with that observed in patients without
carotid plaques (23).

To further investigate into this issue, we
aimed to determine if the use of carotid
US may improve the stratification of
the CV risk of AS patients. For this pur-
pose, we studied a series of AS patients
without CV events, diabetes mellitus
and chronic kidney disease seen at the
reference hospitals for a defined popu-
lation of Northern Spain.

Patients and methods

Patients

In this cross-sectional study, consecu-
tive patients seen over a 2 year period at
Hospital Universitario Marqués de Val-
decilla and Hospital de Laredo (Canta-
bria, Spain) that fulfilled definitions
for AS according to the 1984 modified
New York criteria were recruited (24).
Patients with history of CV events (is-
chaemic heart disease, cerebrovascular
accident, peripheral arterial disease or
heart failure) were excluded (25). Pa-
tients who fulfilled the 1984 modified
New York criteria for AS and had pso-
riasis or inflammatory bowel disease
were also excluded. In addition, pa-
tients with type 2 diabetes mellitus or
those with two fasting plasma glucose
levels on different days at the time of
disease diagnosis or over the extended
follow-up greater than 125 mg/dl and
those with chronic kidney disease (glo-
merular filtration rate <60 ml/min/1.73
m?) were considered as having high or
very high CV risk according to current
guidelines and, because of that, they
were not included in the analysis.

Two clinical indexes of disease activ-
ity (Bath Ankylosing Spondylitis Dis-
ease Activity Index, BASDAI, and
Ankylosing Spondylitis Disease Activ-
ity Score, ASDAS), a functional status
index (Bath Ankylosing Spondylitis
Functional Index, BASFI), a metrolog-
ic index (Bath Ankylosing Spondylitis
Metrology Index, BASMI), and an en-
thesitis index (Maastricht Ankylosing
Spondylitis Enthesitis Score -MASES)
were evaluated in all patients at the
time of carotid US assessment (26-30).

Clinical information on hip involve-
ment, synovitis, enthesitis and extraar-
ticular manifestations, presence of syn-
desmophytes, HLA-B27 status and dis-
ease duration from the first symptoms
and from the diagnosis of AS were
assessed. It was also the case for infor-
mation on family history of early CV
events in first-degree relatives, waist
circumference, body max index, blood
pressure at the time of study and his-
tory of traditional CV risk factors.
Data on CRP and erythrocyte sedimen-
tation rate (ESR) at the time of recruit-
ment and at disease diagnosis, and total
cholesterol, HDL-cholesterol, LDL-
cholesterol and triglycerides at the time
of the study were assessed. Information
on therapy from the disease diagnosis,
including treatment with anti-tumor ne-
crosis factor (TNF)-a agents, was also
reviewed.

The SCORE system estimates the 10-
year risk of a first fatal atherosclerotic
event, whether heart attack, stroke or
other occlusive arterial disease, includ-
ing sudden cardiac death. Risk estimates
have been produced as charts for high
and low risk regions in Europe (13).
Spain was included in the low risk re-
gion of Europe. Two different SCORE
charts have been designed: the SCORE
recommended for the general popula-
tion (13), which includes total choles-
terol (TC-SCORE), and the SCORE
recommended for chronic inflamma-
tory diseases (19), which incorporates
the atherogenic index total cholesterol/
HDL cholesterol ratio (AI-SCORE).
Other risk factors incorporated in the
SCORE are the following: age, gender,
smoking and systolic blood pressure.
Subjects with SCORE <1% are includ-
ed in the category of low risk. Those
with a SCORE =1% and <5% are in the
category of moderate risk. When the
chart SCORE result is 25% and <10%
they are classified as having high risk.
Finally, those patients with SCORE re-
sults =10% are included in the category
of very high CV risk.

Besides SCORE risk charts, predicted
values for CV disease in our cohort of
AS patients were also obtained using
other CV risk charts; the FRS (14) and
the RRS (15). The FRS predicts CV
disease defined as all coronary events
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(myocardial infarction, coronary death,
coronary insufficiency, and angina),
cerebrovascular events (including is-
chaemic stroke, haemorrhagic stroke,
and transient ischaemic attacks), pe-
ripheral artery disease (intermittent
claudication), and heart failure (14).
FRS includes sex, age, blood pressure,
antihypertensive treatment, smoking,
diabetes, and total and HDL cholesterol.
RRS predicts a composite CV disease
outcome defined as incident myocar-
dial infarction, ischaemic stroke, coro-
nary revascularisation, and CV death
(15), and additionally includes hsCRP,
family history of premature myocardial
infarction (before age 60), and haemo-
globin Alc among diabetics only.
Since FRS and RRS predict both fatal
and non-fatal CV events, the final cal-
culated risk should be higher than that
provided by the SCORE. Therefore,
the thresholds for dividing low CV risk
from intermediate and high risk are dif-
ferent. The risk categories, chosen by
consensus, that are widely used inter-
nationally are the followings: low risk
<10%, intermediate risk: 10%-19%,
and high risk 20% or more (31, 32).
The earliest age at which the CV risk
scores should be used in the general
population has not been rigorously
established. Both European (13) and
North American (33) guidelines rec-
ommend their application in individu-
als over 40 years old. However this cut
off is not uniform and varies across the
different CV risk scores: 30 years old
in the FRS (14), 40 years old in the
SCORE (34) and 45 years old in the
RRS (15), which can only be applied
from this age onwards. In Spain, the
Framingham-based REGICOR adapted
function, a CV risk function validated
in the Spanish population (35), estab-
lishes its use at an intermediate point of
35 years old. Since patients with spon-
dyloarthritis have early accelerated ath-
erosclerosis, and we observed carotid
plaques in many patients under 40, we
included in the analysis all patients who
were 35 years old and older.

Carotid US examination

Carotid US examination included the
measurement of cIMT in the common
carotid artery and the detection of focal
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plaques in the extracranial carotid tree.
Plaque was defined as a focal protrusion
in the lumen at least cIMT >1.5 mm,
protrusion at least 50% greater than the
surrounding cIMT, or arterial lumen
encroaching >0.5 mm (36). The cIMT
was determined as the average of three
measurements in each common carotid
artery. The final cIMT was the largest
average cIMT (left or right) (37). Ca-
rotid US was performed using a com-
mercially available scanner, Mylab 70,
Esaote (Genoa, Italy) equipped with
7-12 MHz linear transducer and the
automated software guided technique
radiofrequency -Quality Intima Media
Thickness in real-time (QIMT, Esaote,
Maastricht, Holland). Patients with ca-
rotid plaques and/or cIMT were con-
sidered as having very high CV risk.

A subject’s written consent was ob-
tained in all the cases. The study was
approved by the local Ethics Committee

Statistical methods

Categorical variables were displayed
as number (percentage) and continuous
variables as meanststandard deviation
(SD) or median and interquartile range
(IQR) if the data were not normally dis-
tributed. To estimate the sensitivity, we
considered patients having TC-SCORE
>5% or the presence of carotid plaques
as the gold standard for high or very high
CV risk. Odds ratios (OR) with their
95% confidence intervals (CI) were es-
timated to study the association between
carotid plaques and clinical variables.
All statistical analyses were performed
using the package Stata 14/SE.

Results

A set of 163 consecutive AS patients
were recruited in the present study.
Thirty-six of them were excluded, 24
because of psoriasis or inflammatory
bowel disease, 6 with a history of CV
disease, 3 with type 2 diabetes melli-
tus and 3 with chronic kidney disease.
Therefore, 127 patients were finally in-
cluded in the analysis.

The main features of the 127 patients
included in the study are summarised
in Table I. Men outnumbered women
(n= 78; 61.4%). The mean+SD age at
the time of the study was 44.5+11.6
years. The median (IQR) delay to the

Table I. Main clinical, epidemiologic and carotid ultrasound features of a series of 127 pa-
tients with AS without cardiovascular events, diabetes mellitus or chronic kidney disease.

Variable AS (n=127)
Men/Women, n 78/49
Age at the time of study (years), mean + SD 445 £ 11.6
Age at the time of disease diagnosis (years), mean + SD 36.7 + 10.6
Delay to the diagnosis (years), median (IQR) 5 (1-12)
Disease duration (years), median (IQR)
Since the first symptoms 13 (7-22)
Since the diagnosis of AS 5 (1-11)
BASDAI, mean +SD 3.64 £2.22
median (IQR) 3.65 (1.7-4.9)
ASDAS, mean +SD 236 = 1.04
BASFI, mean +SD 3.66 +2.56
median (IQR) 295 (1.7-5.8)
BASMI, mean +SD 298+ 1.65
MASES, median (IQR) 1 (0-4)
Uveitis, n (%) 26 (20.5%)
History of synovitis or enthesitis, n (%) 45 (35.4%)
History of hip involvement, n (%) 10 (7.9%)

Syndesmophytes, n (%)

Therapy, n (%)

Anti-TNF

Synthetic DMARDs

Non-steroidal anti-inflammatory drugs
HLA-B27 positive, n (%)

CRP (mg/L), median (IQR)

At the time of study

At the time of disease diagnosis
CRP >3 mg/L at diagnosis, n (%)

ESR (mm/1* hour), median (IQR)
At time of study
At time of disease diagnosis

History of classic cardiovascular risk factors, n (%)
Current smokers
Have ever smoked
Obesity
Dyslipidaemia
Hypertension
Family history of early cardiovascular events, n (%)
Body mass index (kg/m?), mean +SD

Blood pressure (mm Hg), mean +SD
Systolic
Diastolic

Waist circumference (cm), mean £SD

Cholesterol or triglycerides (mg/dl), mean +SD
Total cholesterol
HDL-cholesterol
LDL-cholesterol
Triglycerides
Carotid IMT (mm), mean £SD
Carotid IMT >0.90 mm, n (%)
Carotid plaques, n (%)

49 (38.9%)

47 (37.6%)
64 (50.4%)
120 (95.2%)
98 (77.2%)

23 (0.6-8.0)
5 (2-12)
76 (59.8%)

6 (3-16)
11 (45-18.5)

40 (31.5%)
30 (23.6%)
25 (19.7%)
26 (20.5%)
18 (14.2%)
15 (12.0%)
26.1 = 4.4

130 = 14
78 = 10
933+ 132

194 + 35
54+ 15
120 + 32
101 + 59
0.62 + 0.13
3 (24%)
43 (33.9%)

diagnosis was 5 (1-12) years and the
median (IQR) disease duration since
the onset of symptoms 13 (7-22)
years. The median (IQR) BASDAI and
BASFI were 3.65 (1.7-4.9) and 2.95
(1.7-5.8), respectively. Twenty-six pa-
tients had uveitis (20.5%). HLA-B27
was positive in 98 (77.2%) patients,
and syndesmophytes were present in
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49 (38.9%). Sixty-four (50.4%) and 47
(37.6%) patients had received synthet-
ic disease modifying anti-rheumatic
drugs (DMARDs), mainly sulfasala-
zine, and TNF-a inhibitors, respective-
ly. Serum levels of CRP at diagnosis
were higher than 3 mg/l in 76 (59.8%)
patients. Regarding carotid US results,
a cIMT>0.90 mm was only disclosed
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in 3 patients whereas carotid plaques
were found in 43 (33.9%). All pa-
tients with cIMT>0.90 mm had carotid
plaques. Other characteristics of this
series of patients with AS are shown in
Table I.

AI-SCORE, TC-SCORE, FRS,

RRS, and carotid US findings in
patients with AS

Based on the criterion of age discussed
above, SCORE and FRS were used in
102 of the 127 AS patients who were
35 years old and older. However, the
RRS is designed to calculate the CV
risk in individuals older than 45 years
old. Because of that, the application of
RRS was only performed in 57 patients
(Table II).

The CV risk was calculated using 4
different algorithms: the AI-SCORE
and TC-SCORE, recommended for
European countries, and the FRS and
RRS more commonly used in North
American individuals. All patients were
classified in three different CV risk
categories (low, moderate and high or
very high) according to these 4 equa-
tions. The frequency of carotid plaques
in each category was then calculated to
compare the ability of each algorithm
to correctly classify patients as having
high/very high CV risk (Table II).
Regardless of the algorithm used for
CV risk stratification, more than 50%
of the patients classified as having mod-
erate CV risk using the different risk
charts had plaques in the carotid US as-
sessment. Moreover, 20.8% of AS that
fulfilled the category of low CV risk ac-
cording to the TC-SCORE had plaques.
It was even worse for FRS and RRS as
24.6% and 53.3% of the patients that
fulfilled definitions of low CV risk ac-
cording to these risk charts exhibited
carotid plaques when the carotid US as-
sessment was performed (Table II).
Patients with moderate and high/very
high CV risk according to TC-SCORE,
AI-SCORE and FRS had higher values
of BASDAI and BASFI than those cat-
egorised as having low CV risk using
these risk charts (Table II). It was not
the case for the RRS. This contradicto-
ry result may be due to the small num-
ber of patients assessed by the RRS
algorithm (Table II).

Table II. Presence of carotid plaques in 102 AS patients 35 years old and older without
cardiovascular events, diabetes mellitus or chronic kidney disease who were categorised as
having low, moderate or high/very high cardiovascular risk according to the TC-SCORE,
the AI-SCORE and the Framingham Risk Score. The same procedure was performed using
the Reynolds Risk Score in 57 AS patients older than 45 years old without cardiovascular
events, diabetes mellitus or chronic kidney disease.

Low Moderate High/very high

CV risk* CV risk** CV risk***

TC-SCORE 11/53 (20.8%) 27/44 (61.4%) 5/5 (100%)
BASDAI (median IQR) 33 (1.2-4.6) 38 (2.6-5.0) 48 (26-57)
BASFI (median IQR) 2.1 (1.1-44) 47 33-17.1) 53 (26-6.3)

AI-SCORE 10/51 (19.6%) 31/49 (63.3%) 2/2 (100%)
BASDAI (median IQR) 36 (1.3-4.0) 38 (20-55) 37 2.6-48)
BASFI (median IQR) 23 (1.2-4.6) 48 22-17.1) 40 (26-53)

Framingham Risk Score 14/57 (24.6%) 18/31 (58.1%) 10/13 (76.9%)
BASDAI (median IQR) 32 (1.3-4.6) 43 (29-60) 48 (1.7-5.7)
BASFI (median IQR) 23 (1.2-4.7) 48 (3.1-70) 58 2.6-17.7)

Reynolds Risk Score 24/45 (53.3%) 8/10 (80.0%) 2/2 (100%)
BASDAI (median IQR) 42 (26-55) 46 (1.7-57) 3.7 2.6-48)
BASFI (median IQR) 47 28-69) 57 22-64) 40 (26-53)

TC-SCORE: SCORE calculated using total cholesterol. AI-SCORE: SCORE calculated using the ath-
erogenic index: Total cholesterol/HDL-cholesterol. *Low risk: <1% according to TC-SCORE and Al-
SCORE; <10% according to Reynolds and Framingham Risk Scores. **Moderate risk: =1% and <5%
according to TC-SCORE and AI-SCORE; =10% and <20% according to Reynolds and Framingham
Risk Scores. **High or very high risk: >5% according to TC-SCORE and AI-SCORE; 220% according
to Reynolds and Framingham Risk Scores. IQR: Interquartile range.

Predictive model to establish the
presence of high or very high CV risk
in patients with AS

Since a great number patients with ca-
rotid plaques were included in the cat-
egories of low and moderate/intermedi-
ate CV risk, we set up a predictive model
that may help us to disclose the highest
number of AS with severe subclinical
atherosclerosis and, therefore, with high
risk of CV events. For this purpose we
used the TC-SCORE that is commonly
used in the Spanish general population.
As shown in Table III, the sensitivity to
detect high or very high CV risk using
the TC-SCORE was very low (11.6%)
as the charts only detected 5 of 43 pa-
tients with SCORE =5% or carotid
plaques (Model 1).

Using a chart TC-SCORE risk =5%
plus the presence of severe carotid US
findings (carotid plaques) in patients
with moderate SCORE risk (=1% and
<5%), we disclosed a higher sensitivity
as 32 AS patients were detected as hav-
ing high or very high CV risk (74.4%)
(Model 3) (Table III).

We built another predictive model
(Model 4) that included patients with
TC-SCORE =5% or patients with TC-
SCORE =1% <5% plus carotid plaques
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or those with TC-SCORE <1% and dis-
ease duration since the onset of symp-
toms >10 years plus CRP >3 mg/L
at disease diagnosis who had carotid
plaques. This new model yielded higher
sensitivity to disclose high or very high
CV risk (88.4%) (Model 4) (Table III).
The sensitivity to detect high or very
high CV risk did not change when we
included in the model the presence of
syndesmophytes instead of disease
duration >10 years (88.4%) (Model 5)
(Table III).

Finally, we set up a new model (Model
6) that included TC-SCORE =5% or pa-
tients with SCORE-TC =1% <5% plus
carotid plaques or TC-SCORE <1%
and CRP >3 mg/L at diagnosis plus
syndesmophytes and carotid plaques or
TC-SCORE <1% and CRP >3 mg/L at
diagnosis plus extraarticular manifesta-
tion plus carotid plaques. This Model 6
yielded the highest sensitivity (93.0%)
(Table III).

Association between the main clinical
variables and the presence of carotid
plaques in AS patients with low CV risk
according to the TC-SCORE calculator
We also aimed to determine whether
some clinical features may be associ-
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Table III. Sensitivity to establish the presence of high/very high cardiovascular risk in
102 AS patients 35 years old and older without cardiovascular events, diabetes mellitus or
chronic kidney disease using the TC-SCORE calculator or the presence of severe carotid
ultrasound findings (carotid plaques).

Model Sensitivity

Gold standard*
1. TC-SCORE =5%

n=43 (100%)
n=5/43 (11.6%)
n=43/43 (100%)
n=32/43 (74 .4%)
n=38/43 (88.4%)

2. Carotid plaques
3. TC-SCORE =5% or TC-SCORE =1% and <5% plus carotid plaques

4. TC-SCORE =5% or TC-SCORE =1% and <5% plus carotid plaques
or TC-SCORE <1% and:
Disease duration since the onset of symptoms >10 years plus CRP >3 mg/L
at diagnosis plus carotid plaques

5. TC-SCORE =5% or TC-SCORE =1% and <5% plus carotid plaques
or TC-SCORE <1% and :
Syndesmophytes plus CRP >3 mg/L at diagnosis plus carotid plaques

6. TC-SCORE =5% or TC-SCORE =1% and <5% plus carotid plaques
or TC-SCORE <1% and :
CRP >3 mg/L at diagnosis plus syndesmophytes plus carotid plaques
or
CRP >3 mg/L at diagnosis plus extraarticular manifestations plus carotid
plaques

n=8/43 (88.4%)

n=40/43 (93.0%)

*Gold standard for high/very high cardiovascular risk: SCORE =5% or carotid plaques.

Table IV. Association between the main clinical variables and the presence of carotid
plaques in 53 AS patients who were 35 years old and older and had low CV risk according
to the TC-SCORE calculator.

Variable OR (95% CI) P
Disease duration >10 years 1.09 (0.30-3.92) 0.90
Disease duration >15 years 2.35 (0.63 —8.88) 0.22

CRP >3 mg/L at the time of diagnosis 3.56 (0.88-14.11) 0.08
8.75 (2.11 - 36.40) 0.002

343 (0.82-14.69) 0.10

Presence of syndesmophytes
Presence of extraarticular manifestations (uveitis)

Table V. Presence of carotid plaques in 102 AS patients 35 years old and older without
cardiovascular events, diabetes mellitus or chronic kidney disease who were categorised as
having low, moderate or high/very high cardiovascular risk using the TC-SCORE calcula-
tor. Patients were stratified according to the use of anti TNF therapy.

TC-SCORE Low Moderate High/
CV risk CV risk very high
CV risk

Patients with carotid plaques 11/53 (20.8%) 27/44 (61.4%)
Carotid plaques in patients with anti-TNF therapy 3/22 (13.6%) 14/20 (70.0%)
Carotid plaques in patients without anti-TNF therapy 8/31 (25.8%) 13/24 (54.2%)

5/5 (100%)
1/1 (100%)
4/4 (100%)

ated with an increased risk of carotid
plaques in patients with AS that are
included in the category of low CV
risk according to the TC-SCORE cal-
culator. Interestingly, we observed
that the presence of syndesmophytes
was associated with an increased risk
of carotid plaques in patients with AS
that fulfilled definitions for low CV
risk (OR 8.75 [95% CI 2.11-36.40];
p=0.002). Other potential associations

did not achieve statistical significance
(Table 1V).

Influence of the effect of anti-TNF
therapy on the presence of carotid
plaques in the study population of
patients with AS

When patients with AS undergoing
anti-TNF therapy were assessed for
the presence of carotid plaques, we
observed that the subgroup of patients
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categorised as having low CV risk ac-
cording to the TC-SCORE calculator
had lower frequency of plaques than
the remaining patients with moderate
or high/very CV risk (Table V). It was
also the case when carotid plaques were
assessed in AS patients who did not re-
ceive anti-TNF therapy (Table V).

Discussion

The present study confirms that the
CV risk algorithms available for gen-
eral population underestimate the CV
risk in AS patients. This finding has
potential relevance since the presence
of ¢cIMT>0.90 mm or carotid plaques
are considered reliable predictors of
CV events (21, 38) and patients with
these US findings must be considered
as individuals with very high CV risk
according the 2012 European Guide-
lines on CV disease prevention in clini-
cal practice (13). With respect to this,
an adequate stratification of individuals
would promote a better control of CV
risk factors (13).

Although a potential limitation of our
study may be the absence of a control
population, our results in patients with
AS are in agreement with data reported
in other types of inflammatory arthritis.
In this regard, a recent study disclosed
carotid plaques in 63% of RA patients
with moderate SCORE (37). Also, in
psoriasis, 55.9% of patients with inter-
mediate CV risk according to the FRS
were found to have carotid plaques (39).
Our study indicates that carotid US may
be useful to improve the sensitivity of
the CV risk algorithms to detect AS
patients at very high CV risk. There-
fore, our results support the use of ca-
rotid US in AS patients categorised as
having moderate CV according to the
classic risk charts. Our results also dis-
closed that the carotid US assessment in
AS patients at low risk according to risk
charts who had CRP at diagnosis >3
mg/L plus the presence of syndesmo-
phytes or extraarticular manifestations
increases the sensitivity to disclose in-
dividuals at high CV risk. With respect
to this, a value of CRP higher than 3
mg/L is also considered as a predictive
factor of CV events in the general popu-
lation (40), and its utility to improve the
CV assessment was also recognised in
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the 2012 European guidelines in cases
of uncertain CV risk (13). CRP serum
levels have also associated with both
clinical and subclinical atherosclerosis
in patients with inflammatory arthritis
(1,10,41,42).

Extraarticular manifestations in patients
with axial spondyloarthritis, such as
psoriasis (43) and inflammatory bowel
disease (44), have also demonstrated to
be associated with an increased risk of
CV events. On the other hand, the exist-
ence of syndesmophytes is considered
an indicator of severity and duration of
the disease. The importance of disease-
related activity and chronic inflam-
mation in subclinical atherosclerotic
risk has been demonstrated in a recent
study in non-diabetic, CV disease -free
patients with AS (45). In this series of
67 middle-aged patients with AS pa-
tients, the median (IQR) BASDAI) was
1.8 (0.4-3.6), and 66% of them were
receiving anti-TNF treatment (45). In-
terestingly, low AS disease activity was
not associated with accelerated ath-
erosclerosis (45). Both disease severity
and disease duration were found to be
associated with an increased CV morbi-
mortality in other chronic inflammatory
rheumatic diseases such as RA (19) and
systemic lupus erythematosus (46).
The use of carotid US to improve the
CV risk assessment is a feasible pro-
cedure in the clinical practice. It may
be performed with the same US scan
that we use for musculoskeletal studies
and the technique has been validated to
determine subclinical atherosclerosis
(47). With respect to this, an interesting
result of our study was the high num-
ber of patients included in the low and
moderate CV risk categories who had
carotid plaques. This information is of
potential relevance when considering
CV risk stratification in AS patients.
With respect to this, patients included
in these categories were found to suf-
fer from the highest underestimation of
the CV risk in a recent study on early
RA where up to 32% of CV events oc-
curred in patients at low CV risk (17).
Also, the fact that so few patients of
our series had abnormal cIMT com-
pared with those with plaques (2.4% vs.
33.9%) was interesting and would sup-
port using plaque as a predictor of high

CV risk rather than cIMT in future stud-
ies in AS. This finding is in agreement
with reports that considered that carotid
plaques are more reliable indicators of
severe atherosclerosis than increased
cIMT (38).

In conclusion, this is the first study that
assessed the utility of carotid US in the
CV risk stratification of patients with
AS. We observed that traditional risk
charts underestimate the CV risk of pa-
tients with AS. Because of that, we pro-
pose the use of carotid US as a useful
tool to improve the detection of AS pa-
tients at very high CV risk, in particu-
lar among those who are considered as
having moderate CV risk according to
risk score charts. However, a longitudi-
nal study with clinical outcomes will be
required to fully establish the utility of
the carotid US in predicting CV disease
in patients with AS.
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