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ABSTRACT

Objectives: This study aims to evaluate the inflammatory status and clinical and vascular alterations using tonometry and B-mode sonography in 
patients with ankylosing spondylitis (AS).
Patients and methods: The study included 71 AS patients (57 males, 14 females; mean age 40.1±10.8 years; range, 29 to 51 years) without 
cardiovascular disease and 30 healthy controls (24 males, 6 females; mean age 41.2±9.3 years; range, 32 to 50 years). We evaluated participants’ 
clinical, biological and functional status along with laboratory data and measured both the arterial stiffness using carotid-femoral pulse wave 
velocity (PWV) measured by applanation tonometry and carotid intima-media thickness (CIMT) as a preclinical atherosclerosis marker.
Results: The mean disease duration of AS patients was 10.6±4.2 years. CIMT (p=0.03) and PWV (p=0.04) data showed significant differences between 
AS patients and healthy controls. Multiregression analysis showed that PWV correlated with age (r2=0.42; p=0.03) and disease duration (r2=0.31; p=0.04), 
while CIMT correlated with disease duration (r2=0.37; p=0.03) and Bath Ankylosing Spondylitis Disease Activity Index (r2=0.3; p=0.04).
Conclusion: This study demonstrated an increase in early preclinical atherosclerosis in AS patients without cardiovascular (CV) disease compared to 
healthy controls. Therefore, screening AS patients with noninvasive methods for atherosclerosis and subclinical vasculopathy would allow us to take 
primary prevention measures. We found that the major determinant for increased CV risk was the disease duration, while there was no difference 
between different treatment modalities.
Keywords: Ankylosing spondylitis, arterial stiffness, cardiovascular disease, pulse wave velocity.

Patients with ankylosing spondylitis (AS), a 
chronic inflammatory disease affecting the spine 
and sacroiliac joints,1 have a higher risk for 
cardiovascular disease (CVD) compared to the 
general population.2 Though several traditional 
cardiovascular (CV) risk factors like dyslipidemia, 
higher low-density lipoprotein cholesterol (LDL-C) 
to high-density lipoprotein cholesterol (HDL-C) 
ratio and hyperhomocysteinemia have been shown 
to be associated with AS,3,4 studies could not 
explain this increased risk solely with traditional 
CV risk factors. There is a sustained systemic 

inflammation in patients with AS with higher 
serum acute phase proteins such as C-reactive 
protein (CRP), and systemic inflammation is 
linked with accelerated atherogenesis.5,6

Some mechanical arterial changes occur early 
in the development of atherosclerotic disease and 
these changes may be used to predict CV events 
in the future by the help of tests detecting such 
changes. The presence of subclinical vascular 
impairment can be evaluated by measuring 
aortic stiffness in the brachial artery simply 
and noninvasively using applanation tonometry.7 
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By using a high resolution B-mode sonography, 
carotid intima-media thickness (CIMT) can also be 
measured. CIMT is one of the noninvasive markers 
of early atherosclerosis and it is the most popular 
way to assess the early structural changes in the 
arterial wall in the presence of atherosclerosis.8 In 
this study, we aimed to evaluate the inflammatory 
status and clinical and vascular alterations using 
tonometry and B-mode sonography in patients 
with AS.

PATIENTS AND METHODS

This study was conducted at Ankara 
University School of Medicine, Ibni Sina 
Hospital between March 2010 and January 
2015. Seventy-one patients diagnosed as AS 
(57 males, 14 females; mean age 40.1±10.8 years; 
range, 29 to 51 years) according to the modified 
New York diagnostic criteria and 30 healthy 
controls (24 males, 6 females; mean age 
41.2±9.3 years; range, 32 to 50 years) were 
included in the study. Of the patients, 30 (42%) 
were on treatment with tumor necrosis factor 
(TNF) inhibitors for a median duration of 
2.5 years (range, 1.5-5.3 years) and 41 (58%) 
with nonsteroidal antiinflammatory drugs 
(NSAIDs). None of the patients received local 
or systemic corticosteroid medication within 
the last six months preceding the study. While 
50 (70.4%) of the 71 patients had only axial 
involvement, the remaining (n=21, 29.6%) had 
peripheral arthritis. Patients with previous CVD 
or with a positive CV risk factor including 
hypertension, diabetes mellitus, hyperlipidemia, 
or smoking were excluded. Age- and sex-matched 
30 healthy individuals with no CV risk factors, 
CVD or any rheumatic disease were included to 
form the control group. All participants in both 
groups were examined by electrocardiography 
and echocardiography to assess possible CV 
involvement and proved to be clinically relevant 
CVD free. None of the subjects in both groups 
received vasoactive drugs, statins, angiotensin 
converting enzyme inhibitors, calcium channel 
blockers, or anticoagulants, such as aspirin, 
clopidogrel, heparin or warfarin. The study 
protocol was approved by the Ankara University 
School of Medicine Ethics Committee. A written 
informed consent was obtained from each 
participant. The study was conducted in 

accordance with the principles of the Declaration 
of Helsinki.

Demographic, clinical, and functional 
characteristics of both AS and control groups 
(age, body mass index [BMI], disease duration, 
Bath Ankylosing Spondylitis Disease Activity 
Index [BASDAI] and functioning scores, used 
medications and smoking status) were obtained 
from the medical records. After overnight fasting, 
venous blood samples were obtained in the 
morning. Serum glucose, total cholesterol, HDL-C, 
LDL-C, triglyceride, renal and liver function tests, 
and a full blood count were measured using 
routine laboratory studies. Using a CRP reagent 
(Dialab, Vienna, Austria), serum was tested by 
nephelometry for the CRP level. Resting blood 
pressure was measured in sitting position with an 
automatic sphygmomanometer.

Arterial stiffness parameters were studied 
using a high-fidelity applanation tonometry 
(SphygmoCor device, AtCor Medical, Sydney, 
Australia). The patients were asked to be in 
fasting condition and to refrain from alcohol and 
coffee consumption for at least 10 hours. The 
measurements were performed in a quiet room 
with controlled temperature after 10 minutes 
in supine position. All measurements were 
performed twice by two trained technicians 
according to international recommendations. 
Another technician blinded to the clinical 
characteristics of the patients interpreted the 
results.9 Travel distance of the pulse wave was 
calculated by subtracting the distance from the 
suprasternal notch to the carotid pulse from 
the distance from the suprasternal notch to the 
femoral applanation tonometer. The carotid-
femoral pulse wave velocity (PWV) measurement 
was an automatic calculation made by the device. 
The device calculated a corrected augmentation 
index (AIx) normalized for a heart rate of 
75 beats per minute (AIx75) in order to obtain 
an AIx independent from individual pulse rate 
changes.10

The carotid arteries were imaged ultrasonically. 
A high-resolution ultrasound scanner (GE Medical 
Systems Norway AS, Oslo, Norway) with a 7-MHz 
linear array transducer was used to examine the 
right and left carotid arteries of the subjects in 
the supine position. The CIMT of the posterior 
wall was measured as the distance between the 
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borders of lumen-intima and media-adventitia 
in a region approximately 1 cm proximal to the 
carotid bifurcation. For each carotid artery, this 
measurement was repeated for four times at 
locations 1 mm apart. The mean value of the 
eight measurements was calculated (in mm) and 
used for analysis.

Statistical analysis

All statistical analyses were conducted using 
the SPSS Statistics version 15.0 software 
(SPSS Inc., Chicago, IL, USA). For independent 
samples, non-parametric Mann-Whitney U test 
was used to compare data for patients and controls. 
To evaluate the association between the factors 
studied and arterial stiffness and CIMT in patients 
with AS, univariate (Pearson’s or Spearman’s 
correlation coefficient) and multivariate analyses 

were conducted with a p value of ≤0.05 considered 
as statistically significant.

RESULTS

The mean disease duration of the AS patients 
was 10.6±4.2 years. The mean BASDAI score 
was 4.0±2.8. Forty-one patients were receiving 
NSAID and 30 patients were receiving biological 
agents (etanercept, infliximab). Demographic 
characteristics, laboratory test results, and CV 
parameters for the patient and control groups are 
presented in Table 1.

There was no statistically significant difference 
in systolic and diastolic blood pressure, lipid 
profile, and glucose level between the patients 

Table 1. Demographic and clinical characteristics of ankylosing spondylitis patients and control subjects

AS patients (n=71) Controls (n=30)

Mean±SD Median Min-Max Mean±SD Median Min-Max p

Age (year) 40.1±10.8 41.2±9.3 0.61

Body mass index (kg/m2) 25.8±2.4 25.6±1.8 0.9

Disease duration (year) 10.6±4.2

BASDAI 4.0±2.8 2.2-6.7

ESR (mm/h) (CI) 13.8±9-2 4.8±4-7 0.041

Triglyceride (mg/dL) 112.8 97-155 108.4 85-137 0.56

LDL-C (mg/dL) 154.8 112-168 132.6 108-175 0.6

C-reactive protein (mg/L) (CI) 16.2±4.7 6.5-38.9 1.6±0.3 1.0-2.5 0.03

Glycemia (mg/dL) 88.2±9.4 78-96 91±6.9 83-95 0.4

NSAIDS 41

Biologic agents 30

AS: Ankylosing spondylitis; SD: Standard deviation; Min: Minimum; Max: Maximum; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; 
ESR: Erythrocyte sedimentation rate; CI: Confidence interval; LDL-C: Low-density lipoprotein cholesterol; NSAIDs: Nonsteroidal antiinflammatory 
drugs.

Table 2. Vascular parameters of ankylosing spondylitis patients and control subjects

AS patients (n=71) Controls (n=30)

Mean±SD Median Min-Max Mean±SD Median Min-Max p

Systolic blood pressure (mmHg) 128 108-135 122 105-127 0.5

Diastolic blood pressure (mmHg) 82 72-84 79 72-83 0.8

Pulse wave velocity (m/s) 8.82 7.0-10.0 6.6 6.4-7.1 0.04*

Carotid intima media thickness (mm) 0.6±0.1 0.6±0.2 0.03*

Augmentation index (%) 26.3 20.9-31.2 18.9 15.8-21.6 0.04*

Augmentation index 75 (%) 25.2 18.9-30.2 18.2 14.8-20.2 0.03*

AS: Ankylosing spondylitis; SD: Standard deviation; Min: Minimum; Max: Maximum.
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and controls (p>0.05 for all). ESR and CRP were 
significantly higher in the patients compared to 
the controls. In the AS group, mean symptom 
duration was 11.2±9.4 years and mean diagnosis 
and treatment duration was 10.6±4.2 years. 
BASDAI score was 4 or higher in 54% of the AS 
patients. The mean PWV, AIx, AIx75, and CIMT 
values were significantly higher in the patients 
compared to the controls (Table 2).

In the univariate analysis, PWV correlated 
with age (r=0.4; p<0.05), systolic blood pressure 
(r=0.57; p<0.05), BASDAI (r=0.4; p<0.05), BMI 
(r=0.34; p<0.05), disease duration (r=0.66; 
p<0.01), and LDL (r=0.41; p<0.05). AIx75 
showed positive correlation with age (r=0.52; 
p<0.5) and disease duration (r=0.57; p<0.01). 
CIMT correlated with age (r=0.44; p<0.05), 
BASDAI (r=0.36; p<0.05), disease duration 
(r=0.53; p<0.05), CRP (r=0.33; p<0.05), and 
HDL (r=-0.26; p<0.05).

Multiregression analysis showed that PWV 
correlated with age (r2=0.42; 95% confidence 
interval [CI]: 0.22-0.78; p=0.03) and disease 
duration (r2=0.31; 95% CI: 0.02-0.58; p=0.04), 
while CIMT correlated with disease duration 
(r2=0.37; 95% CI: 0.10-0.34; p=0.03) and 
BASDAI (r2=0.3; 95% CI: 0.18-0.38; p=0.04).

DISCUSSION

We have shown an increase in arterial stiffness 
(expressed by PWV and AIx) and CIMT in patients 
with AS compared to age- and sex-matched 
healthy controls. Furthermore, PWV and CIMT 
showed a significant correlation with disease 
duration. PWV was also correlated with age while 
CIMT was correlated with BASDAI.

The detection of subclinical atherosclerosis in 
patients with AS has been a very attractive area 
of research since CVD is a major cause of death 
in these patients. We may adjust the treatment 
modality and reduce adverse outcomes by using 
tests used to detect subclinical atherosclerosis 
early in these patients. Unfortunately, there are 
conflicting reports regarding the association 
between AS and CIMT, and PWV.

Reported findings of the limited number of 
studies conducted to assess vascular function in 
patients with AS are controversial. There are 

studies, including those conducted by Sari et 
al.,5 Malesci et al.,3 and Choe et al.,11 reporting 
no difference in CIMT between patients with 
AS and healthy controls. Unfortunately, the 
number of cases in these groups was under 30. 
Controversially, Mathieu et al.,12 Peters et al.,1 
and Bodnar et al.13 reported significantly higher 
CIMT values in patients with AS compared 
to controls. We reported an increase in CIMT 
correlated with PWV in 71 patients with AS. We 
found that the major factor affecting this increase 
was the duration of disease. There was no 
relationship with different treatment groups, CRP, 
and disease activity markers. This may be due to 
the changes in inflammatory status caused by the 
used medications.

Both genetic factors and chronic systemic 
inflammation act together in the development 
of atherosclerosis. Dysregulation of the innate 
immune pathway decreases soluble receptor for 
advanced glycation end products that could block 
the activation of the inflammatory pathway. The 
developing inflammation has adverse effects on 
blood vessels.14 Many proinflammatory factors 
are produced by macrophages, fibroblasts, 
dendritic cells, and endothelial cells. The increase 
in these proinflammatory factors (TNF-alpha, 
interleukin [IL]-6, IL-1) inhibits new collagen 
synthesis. Matrix metalloproteinases can 
degrade the extracellular matrix and this causes 
an imbalance between elastin and collagen. 
Processes that can increase CIMT also take 
place. The presence of chronic inflammation 
may increase the release of reactive oxygen 
species, which stimulate survival, migration, 
and proliferation of smooth cells in the arterial 
intima.15-17 On the other hand, disorders in 
lipid metabolism play an important role in the 
formation of atherosclerosis.

We attribute the strength of this study 
to the use of two noninvasive techniques to 
detect atherosclerosis and stiffness in the same 
AS population. We correlated the data we 
obtained with several clinical and laboratory 
measurements. Unfortunately, the relatively 
small number of patients and a possible 
selection bias of participants are the major 
limitations. Data on disease activity and use 
of medications between baseline and 10-year 
follow-up are also lacking. Since we did not 
assess baseline arterial stiffness and CIMT, we 
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could not conclude on the progression of these 
two parameters.

In conclusion, this study demonstrated an 
increase in early preclinical atherosclerosis in 
AS patients without CVD compared to healthy 
controls. Therefore, screening AS patients with 
noninvasive methods for atherosclerosis and 
subclinical vasculopathy may be helpful. We found 
that the major determinant for increased CV risk 
was the disease duration, while there was no 
difference between different treatment modalities.
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