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ABSTRACT

Objective: Serum YKL-40 plays roles in inflammatory
and vascular processes. Our aim was to evaluate serum
YKL-40 levels in patients with ankylosing spondylitis
(AS) and to investigate their potential relationship with
arterial stiffness based on carotid-femoral pulse wave
velocity (CF-PWV).

Methods: Forty-three patients with AS and 41 healthy
controls with no history or current signs of cardiovas-
cular disease were included in the study. All patients
were administered nonsteroidal anti-inflammatory
drugs (NSAIDs), and none were prescribed anti-tumor
necrosis factor agents. Serum YKL-40 levels were mea-
sured. CF-PWV and intima-media thickness of the
common carotid artery (IMT-C) were evaluated.
Results: The mean age of AS patients was 34.6 + 10.2
years and of controls was36.3 + 9.0 years. CE-PWV was
significantly higher in AS patients than in controls
(8.2£2.7 vs.7.0£1.6 m/s, respectively; P=0.015). How-
ever, the IMT-C was not significantly different between
AS patients and controls (0.6+0.3 vs. 0.5£0.2 mm,
P=0.501). YKL-40 levels were significantly higher in
AS patients than in controls (78.9+37.9 vs. 58.4+21.2
ng/mL, P=0.003) and were strongly correlated with CF-
-PWV (r=0.773, P<0.001) and IMT-C (r=0.548,
P<0.001). A multiple linear regression analysis revealed
that CF-PWV could be explained by serum YKL-40 le-
vels and IMT-C (adjusted R?= 0.707, P=0.013 and
P=0.001, respectively). AS patients with a higher di-
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sease activity score had higher YKL-40 levels, IMT-C,
and CF-PWV than did those with a lower disease ac-
tivity score (P<0.001, P=0.008, and P<0.001, respec-
tively)

Conclusion: AS patients had higher serum YKL-40 le-
vels, CF-PWYV, and IMT-C than did healthy controls.
Additionally, there was an association between in-
creased CF-PWV and serum YKL-40 levels. Therefore,
we conclude that CF-PWV and YKL-40 levels may be
used for early diagnosis of atherosclerosis in AS pa-
tients.

Keywords: Ankylosing spondylitis; Arterial stiffness;
Carotid-femoral pulse wave velocity; YKL-40 levels

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic systemic in-
flammatory disease of the spine and sacroiliac joints. AS
is associated with some extra-articular manifestations,
including cardiovascular diseases (CVDs)'. AS patients
show increased mortality from CVDs, and it has been
reported that their relative risk of developing athe-
rosclerosis is 1.5-fold higher than that in the normal
population®®. Traditional cardiovascular risk factors,
including smoking, dyslipidemia, hypertension, obe-
sity, and diabetes mellitus, play an important role in the
development of atherosclerosis*. However, these risk
factors do not fully explain the increased risk of CVDs
in patients with AS.

Chronic systemic inflammation seems to play a cru-
cial role in the pathogenesis of atherosclerosis. It has
been reported that the low-grade inflammation associa-
ted with AS has an influence on accelerating athe-
rosclerosis’. Atherosclerosis has been associated with
circulating inflammation biomarkers, such as C-reacti-
ve protein (CRP), fibrinogen, cytokines, and adhesion
molecules®. Furthermore, YKL-40 has been suggested
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as a potential biomarker of inflammation and en-
dothelial dysfunction’. Studies have shown that ele-
vated YKL-40 levels are associated with CVDs®*. In ad-
dition, high serum YKL-40 levels have been found in
patients with spondyloarthritis. That study suggested
that YKL-40 might have potential value in monitoring
disease activity'®.

The assessment of vascular dysfunction could be
useful in identifying subclinical atherosclerosis and for
predicting the risk of developing CVDs!!. There are
several methods for assessing vascular function. Arte-
rial stiffness, which reflects arterial compliance, is an
important indicator of the early stages of atherosclero-
sis. Carotid-femoral pulse wave velocity (CF-PWV) is
considered the gold standard for assessing arterial stiff-
ness'. In addition, the intima-media thickness of the
common or internal carotid artery (IMT-C), as mea-
sured on high-resolution ultrasonography, is the stan-
dard method for assessing subclinical atherosclerosis.
Recently, it has been reported that patients with AS
have increased arterial stiffness (based on PWV) and
IMT-CPH,

Because of the high risk of CVDs in patients with AS,
itis very important to identify atherosclerosis in its ear-
ly stages. Accordingly, the aims of this study were to
evaluate the possible role of serum YKL-40 level as a
biomarker of subclinical CVDs in AS patients and to in-
vestigate its potential relationship with subclinical
atherosclerosis based on CF-PWV and IMT-C mea-
surements.

PATIENTS AND METHODS

In this study, 43 AS patients and 41 healthy controls
were enrolled. Patients who fulfilled the modified New
York criteria for AS" were consecutively recruited from
a rtheumatology outpatient clinic between February
and October 2012. Healthy controls were selected
from among hospital personnel who volunteered to
participate as the control group. Patients and controls
with any reported cardiovascular diseases (coronary
angina, heart failure, myocardial infarction, peripheral
vascular disease, stroke) as well as patients who were
receiving anti-hypertensive medications, lipid-lowe-
ring therapies, corticosteroid treatments, or had any
other chronic disease were excluded from the study.
All patients were using nonsteroidal anti-inflammato-
ry drugs (NSAIDs), and none had taken anti-tumor
necrosis factor (TNF) agents, sulfasalazine, or other

disease-modifying anti-rheumatic drugs (DMARDs)
for at least 3 months. The local ethical committee
approved the study protocol, and informed consent
was obtained from all participants before the exami-
nation.

CLINICAL ASSESSMENT

Clinical features, symptom duration, height, weight,
and body mass index (BMI) were recorded. The Bath
Ankylosing Spondylitis Disease Activity Index (BAS-
DATI) was used to assess disease activity (0:no activity
and 10:highest level of activity). A BASDAI score of >4
was considered to indicate active disease. Visual ana-
logue scale (VAS) was utilized to record pain scores. If
there was no pain, the score was 0 point and the most
severe pain was recorded as 10 points. All patients
answered questions about their medications. A single
experienced cardiologist who was blinded to patient
clinical data performed the vascular assessments.
These assessments were performed in the morning
after an overnight fast of at least 8 h. Resting blood
pressure was recorded with a mercury column sphy-
gmomanometer.

BIOCHEMICAL ANALYSIS

Blood samples, which were drawn after 8 h of fasting,
were measured for serum glucose, total cholesterol
(TO), low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), trigly-
cerides (TGs), CRP, and the erythrocyte sedimentation
rate (ESR).

SERUM YKL-40 MEASUREMENT

Venous blood samples were drawn in the morning af-
ter 8 h of fasting. The samples were centrifuged at
2,500xg for 10 minutes at 4°C. Serum was obtained
after centrifugation and stored at -80°C until analysis.
Serum YKL-40 level was measured using a commer-
cially available enzyme immunoassay (EIA) kit (Mi-
croVue YKL-40; Quidel, San Diego, CA, USA) accor-
ding to the manufacturer’s instructions, which
indicated that the normal range of YKL-40 levels was
35-83 ng/mlL.

PULSE WAVE VELOCITY MEASUREMENT

CF-PWV was measured in the carotid-femoral segment
using a validated non-invasive device (SphygmoCor,
AtCor Medical, Sydney, Australia) that sequentially
records the carotid and femoral artery pulse waves with
an application tonometer and electrocardiogram. The
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measurements were performed after the subjects had
rested for 15 min in the supine position in a quiet room.
The distances from the sternal notch to the right carotid
artery and from the sternal notch to the right femoral
artery were measured. At least 10 consecutive pulse
waves were recorded over the common carotid and
right femoral arteries. The time difference (t) was mea-
sured as the difference between the start of each wave-
form. Using a tape measure, the total distance between
the carotid and femoral artery was measured, and the
CF-PWV was calculated automatically. The results were
expressed in my/s.

CAROTID ULTRASONOGRAPHY

Carotid arterial ultrasonography was performed using
a high-resolution ultrasonography scanner (VingMed
Vivid 3;GE Medical System, Horten, Norway) with a
7-MHz linear-array transducer. Measurements were
performed on the right common carotid artery with the
subject in the supine position. The region 1 cm proxi-
mal to the carotid bifurcation was identified, and the
IMT-C of the far wall was evaluated as the distance be-
tween the lumen—intima and the media—adventitia in-
terfaces. The IMT-C measurement was obtained from
four adjacent sites at 1-mm intervals, and the average
of all measurements was used for analysis. Mean values
were calculated, and the results were presented in mm.

STATISTICAL ANALYSIS

Values obtained by measurement were expressed as
mean + standard deviation (SD), and those obtained
by counting were expressed as a percentage. The appro-
priateness of the normal distribution of the acquired
data was tested with the Kolmogorov—Smirnov test. For
comparison of the measurement values of the two
groups, the Student t-test and the Mann—-Whitney U
test were utilized for values with normal and non-nor-
mal distributions, respectively. The chi-squared test
was used for the comparison of qualitative data. A cor-
relation analysis for continuous variables was per-
formed using the Spearman’s correlation coefficient. A
multiple backward linear regression analysis was per-
formed in order to identify the parameters accounting
for the CE-PWV. We evaluated the factors that could af-
fect the CF-PWV dependent variable in the multivari-
ate linear regression analysis. Independent factors were
age, symptom duration, CRP, BASDAI, YKL-40, and
IMT-C. The number of independent factors was deter-
mined according to study sample size. Statistical sig-
nificance was considered as P < 0.05.

RESULTS

The clinical characteristics and cardiovascular and
laboratory parameters of the AS patients and healthy
controls are shown in Table I. The mean age was
34.6+10.2 years among the AS patients and 36.3+9.0
years among the controls. There were 28 (53.7%) and
22 (65.1%) male patients in the AS and control groups,
respectively. There were no differences in the TC, TG,
LDL-C, and HDL-C values or systolic and diastolic
blood pressure readings between the patients and con-
trols (all P>0.05). ESR and CRP levels (both P<0.001)
as well as serum YKL-40 levels (78.9+37.9 vs.
58.4+21.2 ng/mlL, respectively, P=0.003) were signifi-
cantly higher in the AS patients than in the control sub-
jects. The CF-PWV values were also higher in the AS
patients than in the controls (8.2+2.7 vs. 7.0+1.6 m/s,
respectively, P=0.015). However, the IMT-C values
were not significantly different between groups
(0.6+0.3 vs. 0.5+0.2 mm, P=0.501).

The CF-PWV and IMT-C values were correlated with
indexes of disease activity, such as CRP, ESR, VAS, and
BASDAI (Table II). Furthermore, for AS patients, the
serum YKL-40 level was significantly correlated with
IMT-C, CRP, ESR, VAS, and BASDAI (=0.548, r=0.711,
r=0.767,r=0.802, r=0.807, respectively; all P<0.001).
The YKL-40 level in the AS patients also demonstrated
a strong correlation with CF-PWYV values (r=0.773,
P<0.001; Figure 1).

A multiple backward linear regression analysis was
used in order to adjust for any potential confounding
influences of factors such as age, symptom duration,
CRP, BASDALI, YKL-40, and IMT-C on AS patients. The
linear regression analysis revealed that CF-PWYV values
were explained by serum YKL-40 levels and IMT-C va-
lues (adjusted R%= 0.707, P=0.013, and P=0.001, res-
pectively; Table III).

AS patients with a higher disease activity score (BAS-
DAI>4) had higher YKL-40, IMT-C, and CF-PWV va-
lues than those with a low disease activity score (BAS-
DAI<4) (P<0.001, P=0.008 and P<0.001, respectively;
Table IV).

DISCUSSION

Atherosclerosis is a strong predictor of future CVDs.
AS patients have an increased risk of CVDs and mor-
tality compared with the general population'®. Mecha-
nisms underlying AS-associated atherosclerosis are not
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TABLE I. CLINICAL CHARACTERISTICS, CARDIOVASCULAR AND LABORATORY PARAMETERS OF PATIENTS WITH
ANKYLOSING SPONDYLITIS (AS) AND CONTROL SUBJECTS (MEAN % SD)

AS (n=43) Controls (n=41) P
Age, years 34.6 + 10.2 36.3+9.0 0.412
Male/female, n (%) 28/15 (65.1/34.9) 22/19 (53.7/46.3) 0.397
Symptom duration, years 93=x7.0 -
BMI, kg/m? 248+ 1.9 253 +2.1 0.233
Current smokers, n(%) 16 (37.2) 13 (31.7) 0.596
HLA-B27 positive, n(%) 35 (81.4) -
BASDALI score 3.7+x19 -
VAS, cm 51+28 -
YKL-40, ng/ml 789 +37.9 58.4 +21.2 0.003
CE-PWV, m/s 82=+27 7.0+1.6 0.015
IMT-C, mm 0.6+0.3 0.5+0.2 0.501
ESR, mm/h 273+ 13.8 14.6 + 6.1 <0.001
CRP, mg/dl 1.7+13 04+03 <0.001
TC, mg/dl 150.1 + 16.4 142.0 £ 27.2 0.104
LDL-C, mg/dl 96.6 + 13.2 95.5 + 24.1 0.787
HDL-C, mg/dl 52.0+13.8 53.8 +14.2 0.563
TGs, mg/dl 106.0 £ 29.9 100.3 £ 30.5 0.389
SBP, mmHg 122.1 £ 4.9 121.6 £ 7.1 0.505
DBP, mmHg 65.6 £ 4.8 64.5 5.6 0.189

BMI: Body mass index; VAS: Visual analogue scale; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; CF-PWV: Carotid—femoral
pulse wave velocity; IMT-C: Intima-media thickness-carotid; LDL: Low-density lipoprotein cholesterol; HDL: High-density lipoprotein
cholesterol; TGs: Triglycerides; TC: Total cholesterol; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; SBP: Systolic blood

pressure; DBP: Diastolic blood pressure.

TABLE Il. CORRELATION BETWEEN DISEASE
ACTIVITY AND CAROTID-FEMORAL PULSE
WAVE VELOCITY (CF-PWV), INTIMA-MEDIA
THICKNESS-CAROTID (IMT-C) IN PATIENTS
WITH ANKYLOSING SPONDYLITIS

r=Spearman’s correlation coefficients; *P< 0.001; **P< 0.05;
BASDALI: Bath Ankylosing Spondylitis Disease Activity Index;
VAS: Visual analogue scale; ESR: Erythrocyte sedimantation rate;
CRP: C-reactive protein.

fully known. Studies have shown that chronic inflam-
mation significantly contributes to accelerated athero-
genesis in AS'"'®. Arterial stiffness is regarded as a
marker of CV risk and can be affected by chronic in-
flammation'. It is important to identify atherosclero-
sis in the early stages of AS by using biochemical mar-
kers and noninvasive assessments, such as YKL-40,
CRP, PWV, and IMT-C. Thus, the current study was de-
signed to examine if arterial stiffness measured by CF-
-PWV and serum YKL-40 levels predicted subclinical

Atherosclerosis is caused by lipoprotein infiltration
into the intima and is considered to be an inflammato-
ry disease. Previous studies have demonstrated that in-
creased common carotid artery IMT is a good indica-
tor of subclinical stages of atherosclerosis®®*'. A study
by Peters et al., which evaluated subclinical atheroscle-
rosis in AS patients by measuring the IMT-C, demons-
trated higher IMT-C values in AS patients than in con-
trols. Additionally, there was an association between
IMT-C and CRP or BASDAI in AS patients®. Another

CF-PWV IMT-C
r r
BASDAI 0.675% 0.461%*
VAS, cm 0.657* 0.485%*
YKL-40, ng/ml 0.773% 0.548* CVDs.
ESR, mm/h 0.554* 0.376%*
CRP, mg/dl 0.607* 0.546*
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FIGURE 1. Correlation between carotid-femoral pulse wave
velocity (CF-PWV) and serum YKL-40 level in patients with

ankylosing spondylitis

study demonstrated higher carotid bulb IMT in AS pa-
tients than in controls. A correlation between carotid
bulb IMT and ESR suggested the possible role of in-
flammation in accelerating the atherosclerotic process
in AS patients. However, there was no correlation be-
tween IMT-C and disease activity in the AS patients in
this study®’. A study by Gonzales-Juanatey et al.
demonstrated higher IMT-C values in AS patients with
no associated cardiovascular risk factors than in con-
trols'*. However, a study by Capkin et al. revealed that
AS patients have higher PWV values but no statistical-
ly significant differences in IMT-C levels compared to
controls”. In another cross-sectional study, the authors
demonstrated that IMT-C in young AS patients without
clinically evident cardiovascular risk factors did not dif-
fer from that in healthy controls**. This is consistent
with our findings, since we found no differences in
IMT-C between AS patients and controls. In this study,

Dependent variable

TABLE IIl. INFLUENCE OF DIFFERENT FACTORS ON CF-PWV IN PATIENTS WITH ANKYLOSING SPONDYLITIS

| Independent variable

B (SE) Beta P

CE-PWV, m/s
Panova <0.001

\
‘ YKL-40

0.028 (0.011) 0.382 0.013

R2= 0.728, Adjusted R2= 0.707 |

IMT-C

3.585 (1.007) 0.349 0.001

The multivariate backward linear regression model was used for AS patients. P value < 0.05 indicates the presence of regression;
Independent variables are as follows: Age, Symptom duration, C-reactive protein, Bath Ankylosing Spondylitis Disease Activity Index,
YKL-40, IMT-C;Intima-media thickness-carotid

TABLE IV. COMPARISON OF ANKYLOSING SPONDYLITIS (AS) PATIENTS ACCORDING TO DISEASE ACTIVITY
AS group with BASDAI<4 AS group with BASDAI>4
(n=23) (n=20) P

Age, years 36.9 =104 32.0+94 0.114
Male/female, n (%) 13/10 (56.5/43.5) 15/5 (75/25) 0.205
Symptom duration, years 112+£7.6 71+55 0.051
BMI, kg/m? 243+1.8 252 +2.0 0.136
BASDAI score 22+09 54«11 <0.001
VAS, cm 29+1.6 7.6+14 <0.001
YKL-40, ng/ml 54.1 218 107.4 £ 31.9 <0.001
CF-PWV, m/s 6.6 +1.6 10.1 £ 2.7 <0.001
IMT-C, mm 05+03 0.7+0.2 0.008
ESR, mm/h 17.8 + 8.4 38.2+103 <0.001
CRP, mg/dl 0.7+0.5 27+13 <0.001

BMI: Body mass index; VAS: Visual analogue scale; BASDALI: Bath Ankylosing Spondylitis Disease Activity Index; CF-PWV: Carotid—femoral
pulse wave velocity; IMT-C: Intima-media thickness-carotid; LDL: Low-density lipoprotein cholesterol; HDL: High-density lipoprotein
cholesterol; TGs: Triglycerides; TC: Total cholesterol; ESR: Erythrocyte sedimantation rate; CRP: C-reactive protein; SBP: Systolic blood

pressure; DBP: Diastolic blood pressure.
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we also demonstrated that the IMT-C of AS patients
was correlated to the indexes of disease activity, such as
CRP, ESR, VAS, and BASDAL

YKL-40 is a new potential biomarker of inflammation
and vascular dysfunction in patients with coronary
artery disease. It is expressed by local inflammatory
cells (such as macrophages, neutrophils, and endothe-
lial and vascular smooth muscle cells) during inflam-
mation®. Unlike CRP, which is produced in the liver in
response to systemic inflammation, YKL-40 is pro-
duced locally at the site of inflammation, suggesting
that YKL-40 could be superior to CRP in predicting
disease progression and could possibly be used for this
purpose®. It plays an important role in angiogenesis
and remodeling of the extracellular matrix*"**. YKL-40
expression has been detected in macrophages and vas-
cular endothelial cells during the early development of
atherosclerosis®. Recently, several clinical studies have
described an association between increased YKL-40
levels and CVDs**!. Previous studies support the idea
that soluble biomarkers can predict CVDs in AS'®**. In
our previous study, we found that YKL-40 levels were
higher in patients with early rheumatoid arthritis than
in healthy controls®. We also observed a strong rela-
tionship between YKL-40 levels and the severity of
disease activity. In another study, biomarkers of en-
dothelial damage and disease activity were evaluated
in AS patients. Serum levels of YKL-40 were increased
and weakly associated with radiographic progression.
In our study, YKL-40 was correlated with factors rela-
ted to disease activity indicators such as CRP, ESR, VAS,
and BASDALI Furthermore, YKL-40 levels in AS pa-
tients also demonstrated a strong correlation with CF-
-PWV and IMT-C. Based on our results, we believe that
YKL-40 may be a new biomarker of disease activity that
can also be used to predict the development of
atherosclerosis in patients with AS.

Arterial stiffness, which is assessed by PWV, is im-
portant for diagnosing the early stages of atherosclero-
sis®. Many studies have demonstrated higher aortic
PWV in patients with inflammatory arthritis'®**. Demi-
ralp et al. assessed aortic elasticity and the stiffness in-
dex in AS patients without cardiovascular involvement
and reported decreased aortic elasticity and an in-
creased aortic stiffness index”. In a cohort of AS pa-
tients, CVDs risk factors, including blood lipids, hy-
pertension, smoking, diet, and physical inactivity, were
evaluated. No differences were demonstrated between
AS patients and the general population. The authors
suggested that the increased presence of CVDs in AS

may be caused by other factors, such as NSAID use or
chronic inflammation®. Furthermore, it has been re-
ported that endothelial dysfunction was correlated with
the degree of inflammation in AS*. In a study by Cap-
kin, which investigated subclinical atherosclerosis by
assessing the PWV and IMT-C in AS patients, AS pa-
tients were demonstrated to have higher PWV values.
However, there were no differences at IMT-C levels be-
tween patients with AS and the controls”. Their fin-
dings are consistent with those in our own study. In the
present study, CF-PWV was greater in AS patients than
in healthy individuals. In addition, we found a corre-
lation between CF-PWV and YKL-40, ESR, and CRP
values, suggesting that inflammation may accelerate
the atherosclerotic process in AS patients.

We also performed a multiple regression analysis
using CF-PWV as the dependent variable, while the
predictors were age, symptom duration, CRP, BASDAI,
YKL-40, and IMT-C. The final sample size (43 AS pa-
tients) did not allow us to analyze certain predictors,
such as traditional cardiovascular risk factors. The re-
sults showed that CF-PWV was explained by the mo-
del composed of YKL-40 levels and IMT-C. Thus, our
results indicate that YKL-40 contributed to explaining
subclinical atherosclerosis as assessed by CF-PWV.

Alimitation of this study is that there we lacked data
regarding prior medication use, such as use of NSAIDs,
DMARDs, and anti-TNE We also cannot fully exclude
the possible confounding effects of active disease, such
as elevated ESR, CRP, and BASDAI score. Another limi-
tation of our study was the relatively small patient num-
ber. Therefore, further research is needed in larger pa-
tient populations to confirm our findings.

Since the development of coronary atherosclerosis in
patients with AS can occur independently of traditio-
nal risk factors, additional markers of coronary artery
disease are required. This study showed that serum
YKL-40 levels were increased in patients with AS. In
addition, we found increased arterial stiffness, as indi-
cated by increased CF-PWYV, in AS patients compared
to that in controls. Moreover, CE-PWYV correlated with
IMT-C, which is a reliable indicator of subclinical
atherosclerosis. Hence, our results demonstrate that the
development of atherosclerosis in AS may be shown by
increased arterial stiffness. Additionally, YKL-40 might
be used as a screening marker for coronary atheroscle-
rosis in patients with AS because of its correlation with
CF-PWV and IMT-C.As a result, we suggest that serum
YKL-40 level and CF-PWV may predict early and sub-
clinical atherosclerosis in patients with AS.
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