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Epicardial adipose tissue thickness and growth
differentiation factor 15 in axial spondyloarthritis

A cross-sectional study
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Objectives: Toinvestigate growth differentiation factor-15
(GDEF-15) levels and the thickness of epicardial adipose
tissue (EAT) in patients with axial spondyloarthritis
(axSpA) and to evaluate their relationship with functional
status, disease activity, disease duration, and the type of
medical treatment received by the patients.

Methods: This cross-sectional study was carried out
at Kirgehir Ahievran University School of Medicine
between February and June 2020. Twenty-nine healthy
controls and 44 patients with axSpA were included in
the study. Gender, age, erythrocyte sedimentation rate,
GDF-15, body mass index, complete blood count,
ejection fraction, the EAT thickness, and C-reactive
protein of all participants were recorded. Ankylosing
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Spondylitis Quality of Life Index, Bath Ankylosing
Spondylitis Functional Index, the disease duration,
Bath Ankylosing Spondylitis Metrology Index, and Bath
Ankylosing Spondylitis Disease Activity Index scores of
patients with axSpA were noted.

Results: Epicardial adipose tissue thickness values
(0.35+0.09 cm) in the AxSpA group were higher
compared to the control group (0.26+£0.06 cm) (p<0.01).
Growth differentiation factor-15 levels of the control
group and axSpA group were similar. The treatment
received by the patients did not have a significant
relationship with EAT thickness and GDEF-15. Bath
Ankylosing Spondylitis Functional Index scores, disease
duration, and age were significantly positively correlated
with GDF-15 levels.

Conclusion: In this study, EAT thickness values were
found to be significantly higher in the axSpA group. In
addition, GDF-15 was positively correlated with age,
Bath Ankylosing Spondylitis Functional Index score, and
disease duration.

Keywords: axial spondylarthritis, growth differentiation
factor 15, epicardial adipose tissue, ankylosing spondylitis
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Axial spondylarthritis (axSpA) is a disease in which
there is an inflammation and pain in the axial
joints and spinal region.' Spinal limitation, uveitis, and
inflammatory bowel disease may accompany axSpA. * It
has been reported that 10-30% of patients with AxSpA
have cardiac involvement. The incidence of cardiac
involvement is higher in patients who are HLA-B27
positive.>* Mortality rates due to cardiac problems are
higher in patients with axSpA compared to the normal
population.*” Some authors suggested that this increase
in mortality was due to increased inflammation in
axSpA. However, the reason for the increased mortality
due to cardiovascular diseases (CVD) in axSpA has not
been fully elucidated.**

Atherosclerosis ranks first among the reasons for
coronary artery disease (CAD).” Epicardial adipose
tissue (EAT), which also has systemic effects, is
localized in the upper part of the left ventricle. It has
been reported that EAT thickness is associated with
the severity of CAD.® In addition, biopsy studies have
shown that EAT contains large amounts of mediators
such as interleukin-1 (IL-1), Micro RNA, and IL -6.
9 The EAT of patients with rheumatoid arthritis was
found to be thicker than that of healthy individuals.'> !

Growth differentiation factor-15 (GDF-15) affects
cell growth and differentiation and is secreted by activated
macrophages.'? For GDF-15 to be secreted from resting
macrophages, these macrophages must be stimulated by
mediators such as TNE IL-1, and macrophage colony
stimulating factor.”® Growth differentiation factor-15 is
also known as placental transforming growth factor beta
(PTGFB), PLAB, Non-steroidal anti-inflammatory
drugs activated gene-1 (NAG-1), prostate derived factor
(PDF), macrophage inhibitory cytokine-1 (MIC-1).'
Growth differentiation factor-15 has been found to
be upregulated in atherosclerosis and related with
increased cardiovascular risk.'*" In addition, studies
are reporting that the GDF-15 levels are increased in
rheumatic diseases.''® In order to reduce mortality
and morbidity more effectively, it will be useful to
demonstrate the presence of atherosclerosis with easy,
inexpensive, noninvasive tests before cardiovascular
symptoms begin. Thus, in patients who are determined
to be at high risk, treatment can be started earlier and
complications can be prevented.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

Studies on EAT thickness and GDF-15 in patients
with axSpA are very limited in the literature. This study
aimed to examine EAT thickness and GDEF-15 levels
in axSpA. In addition, to investigate the relationship
of GDF-15 levels and EAT thickness with parameters
such as disease duration, functional status, the severity
of disease, and the type of medical treatment received
by the patients.

Methods. This study was carried out after approval
by the Kirsehir Ahievran University School of Medicine
Clinical Research Ethics Committee (Date: 11.02.2020,
No: 2020-02/12). Patients were included in the study
after informed consent was obtained. The study was
carried out in accordance with the Declaration of
Helsinki Ethical Principles. This cross-sectional study
was carried out at Kirgehir Ahievran University School
of Medicine between February 2020 and June 2020.

Inclusion criteria were aged 18-65 years and to have
a diagnosis of axSpA according to the classification
criteria of the Assessment of SpondyloArthritis
International Society (ASAS)."” Patients were selected
consecutively from the patients who visited the Kirsehir
Ahi Evran University School of Medicine Hospital
Physical Medicine and Rehabilitation outpatient clinic.
Exclusion criteria were as follows: patients with a
history of hypertension, connective tissue disease, renal
and hepatic failure, diabetes mellitus, cerebrovascular
disease, myocardial infarction, cardiovascular disease,
chronic steroid use, immunosuppressive therapy,
retinoid, lipid-lowering therapy, antiplatelet therapy,
antihypertensive therapy, and cancer history. As the
control group, healthy volunteers aged 18-65 years,
who did not have the diseases in the above-mentioned
exclusion criteria and did not have axSpA diagnosis,
were taken consecutively.

The age, gender, smoking, weight, and height of the
participants were noted. Bath Ankylosing Spondylitis
Metrology Index (BASMI), Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI), chest expansion
value, disease duration, Ankylosing Spondylitis Quality
of Life Index (ASQoL) scores, Bath Ankylosing
Spondylitis Functional Index (BASFI) scores, enthesitis
count, erythrocyte sedimentation rates (ESR), complete
blood count (CBC), and C-reactive protein (CRP)
levels were recorded.

Bath Ankylosing Spondylitis Disease Activity
Index evaluates disease activity in axSpA. Patients are
scored from 0 to 10. Lower scores mean the disease
is less active.'® A BASDAI score of >4 indicates high
disease activity, <2 indicates low disease activity, and
>2 to <4 indicates moderate disease activity.'”** Bath
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Ankylosing Spondylitis Functional Index evaluates the
functional level in ankylosing spondylitis (AS). Higher
values indicate worse functional status.”’ ASQoL is
a scale consisting of 18 questions. Patients are scored
from 0 to 18. Ankylosing Spondylitis Quality of Life
Index evaluates the quality of life in AS. Patients with
low quality of life score higher.”” Bath Ankylosing
Spondylitis Metrology Index evaluates joint mobility
at various sites in patients with AS. It is based on
lumbar lateral flexion, cervical rotation, tragus-wall
distance, malleolar distance, and modified Schober
measurements. In each measurement, the patient gets
values from 0 to 10. The arithmetic mean of these values
is the BASMI value.”” The Turkish version of these
scales was translated and validated.**** An experienced
cardiologist who did not know the diagnosis of the
participants made echocardiographic evaluations of
the patients. Echocardiographic evaluations of the
patients were performed in the left lateral decubitus
position. Measurements were made using transthoracic
echocardiography (Vivid S5, GE Vingmed Ultrasound
AS, Horten, Norway). Epicardial adipose tissue was
determined as echo-free space in the pericardial layers
and its thickness was measured perpendicular to the
free wall of the right ventricle at the end of systole. Two
echocardiographic windows, parasternal long axis and
short axis, were used. For parasternal short axis view,
epicardial fat tissue thickness was measured 2 cm from
the ventricular septum in the right ventricular free wall.
The mean value of 3 cardiac cycles was calculated and
recorded for each echocardiographic window. Ejection
fraction (EF) and EAT thickness were recorded.
Venous blood samples were transferred to K2EDTA-
containing tubes and routine biochemistry tubes.
Before centrifugation, the sample in the biochemistry
tubes was left for 30 minutes to coagulate. The samples
were then centrifuged (10 minutes [mins], 3000 rpm).
The obtained serums were collected in aliquots at ‘80°C
before performing the GDF-15 analysis. Serums were
thawed at room temperature before analysis. C-reactive
protein, CBC, and ESR were measured immediately.
Measurement of ESR levels was made with an auto-
analyzer using the modified Westergren sedimentation
technique (Siena, Italy, Diesse Diagnostica Senese
Spa, Ves-Matic Cube 200). Measurement of CRP
levels was performed with a routine biochemistry
auto-analyzer (Roche Diagnostic Corporation, Cobas
8000, Mannheim, Germany). Measurement of CBC
was performed on an automated analyzer (Sysmex
Company, Sysmex XN-1000, Japan). Measurement
of serum GDEF-15 levels was performed by an ELISA
(Relassay, Turkey, Gaziantep). The inter CVs for
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GDF-15 was <12 and intraassay CVs for GDF-15 was
<10%. The limit of detection (LOD) of the assay was
5.09 ng/L.

Statistical analysis. Statistical analyzes of the study
were performed with the Statistical Package for the
Social Sciences, version 21.0 for Windows (IBM Corp.,
USA). According to the normality assumption, the
explanatory statistics of the variables are summarized
as meansstandard deviation, median (25th percentile
-75th percentile), and frequencies (n) (%). Normality
assumption was tested using Shapiro-Wilk tests and
Kolmogorov-Smirnov. Group comparisons were made
using analysis of variance (ANOVA), independent
t-test, the Kruskal-Wallis test, and the Mann-Whitney
U tests. Multiple comparisons of groups with significant
differences were made using the Mann-Whitney U
test and Duncan’s multiple comparison test. Pairwise
comparisons of groups with significant differences
between them as a result of the Kruskal-Wallis test were
made using the Mann-Whitney U test and evaluated by
applying Bonferroni correction (0.05/group number).
The comparison of the groups with significant
differences between them as a result of ANOVA was
performed with the DUNCAN multiple comparison
test. Spearman’s Rho correlation analysis was used to
test the relationships between continuous variables that
did not satisfy the assumption of normality.

Results. The study was carried out with 29 healthy
controls and 44 axSpA patients. The mean age of
the control group and axSpA group was similar. The
distribution of the genders between the axSpA and
control groups was homogeneous. White blood cell
(WBC), body mass index (BMI), hemoglobin, platelet,
ESR, CRP, and EF values of the control and axSpA
groups were statistically similar. Epicardial adipose
tissue thickness values of axSpA patients were higher.
(Table 1)

Growth differentiation factor-15 was positively
correlated with BASFI, disease duration, and age. The
relationships between GDEF-15 and EAT thickness
variables with each other and with other variables are
summarized in (Table 2).

Patients with axSpA were divided into 2 groups
as those who received biological disease-modifying
antirheumatic drugs (BD) (BD group n=22) and those
who did not (non-BD group; n=22) (Table 3).

The relationship between gender, smoking status,
and the number of enthesitis with GDEF-15 and
EAT thickness values were not statistically significant
(Table 4).
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Table 1 - Comparisons of clinical and demographic parameters of axSpA and control group

Characteristics axSpA, n=44 Control, n=29 P-value
Age (years) 38.65+10.04 41.48+11.72 0.998
Gender, n (%)

Female 13 (61.9%) 8 (38.1%) 0.856

Male 31 (59.6%) 21 (40.4%) ’
BMI (kg/m?) 25.79+4.16 25.89+2.89 0.911
GDEF-15 (ng/L) 103.11 (48.40-166.56) 86.37 (37.45-157.51) 0.543
WBC (10°%/ pL) 8332.27+1468.12 8113.44£1729.96 0.564
ESR (mm/h) 10 (4.0-18.75) 7 (4.0-17.0) 0.568
Hemoglobin(g/dL) 14.30£1.36 14.65+1.36 0.295
CRP (mg/dL) 0.55 (0.14-1.05) 0.33 (0.13-0.77) 0.245
Platelet count(10%/uL) 287479.5422+58592 269975.86+51697.28 0.195
EF (%) 63.45+2.52 63.89+2.71 0.480
EAT thickness (cm) 0.35+0.09 0.26x0.06 <0.001

AxSpA: axial spondyloarthritis, ESR: erythrocyte sedimentation rate, BMI: Body mass index, GDF-15:
growth differentiation factor 15, CRP: C-reactive protein; EF: ejection fraction, EAT: epicardial adipose tissue;
cm: centimeter, WBC: white blood cell

Table 2 - Relationships of demographic and clinical parameters of
patients in the AxSpA group with GDF-15 level and epicardial
adipose tissue thickness values (N=44).

Characteristics GDF-15 EAT thickness
GDEF-15 1 0.196
Age (years) 0.318** 0.050
BMI (kg/m?) -0.056 -0.085
Disease duration (years) 0.345* 0.072
WBC (10°/ uL) 0.103 -0.96
ESR (mm/h) 0.127 0.082
Hemoglobin(g/dL) 0.015 0.039
CRP (mg/dL) -0.040 0.182
Platelet count(10°/uL) 0.112 0.059
Smoking duration 0.091 -0.126
Chest expansion -0.101 -0.191
BASDAI 0.131 0.182
BASFI 0.334* 0.084
BASMI 0.135 0.004
ASQoL 0.155 -0.073
EF (%) 0.153 -0.026
EAT thickness 0.196 1

AxSpA: axial spondyloarthritis; BMI: body mass index, ASQoL:
Ankylosing Spondylitis Quality of Life questionnaire, GDF-15:
growth differentiation factor 15, BASMI: Bath Ankylosing Spondylitis
Metrology Index, WBC: white blood cell, BASFI: Bath Ankylosing
Spondylitis Functional Index, EF: ¢jection fraction, EAT: epicardial
adipose tissue, BASDAI: Bath Ankylosing Spondylitis Disease Activity
Index; ESR, erythrocyte sedimentation rate, CRP: c-reactive protein

Discussion. In this study, EAT thickness values
of axSpA patients were higher than healthy controls.
Growth differentiation factor-15 was found to be
correlated with disease duration, age, and BASFI.
Cardiovascular  involvement causes increased
mortality and morbidity in patients with AxSpA.
Therefore, cardiac involvement should be detected as
early as possible in the early stages of the process.*>

It is not fully clear why the cardiac risk is increased
in patients with axSpA, but some researchers blame
increased inflammation for this increased cardiac risk. In
patients with axSpA, chronic inflammation contributes
significantly to atherosclerosis formation steps such
as early plaque instability, thrombus formation, and
atheroma formation.”® In addition to risk factors for
classic CVD, oxidative stress, endothelial dysfunction,
direct endothelial damage caused by inflammation, and
changes in lipoprotein concentrations were also found
to be effective in accelerated atherosclerosis in rheumatic
disease.” It is recommended by The European League
Against Rheumatism that more aggressive screening
and treatment for CVD should be performed in people
with RA because of the higher risk of CVD.?® Cardiac
death rates are higher in patients with axSpA than in
the normal population. Mortality in patients with
axSpA is positively associated with proinflammatory
cytokines.* However, the pathophysiology of the
increased cardiovascular risk in axSpA has not been
fully elucidated. There remains a need for noninvasive
methods to help early recognition of cardiovascular risk
in patients with axSpA to start treatment earlier.
Epicardial adipose tissue is associated with CAD, it
is an adipose tissue surrounding the heart, especially the
subepicardial coronary vessels.”* Under physiological
conditions, EAT has been claimed to buffer toxic
fatty acids between the local vascular beds and the
myocardium.”’ Epicardial adipose tissue has been
shown to express numerous genes for atherosclerosis-
related cytokines and proteins.’*% It has been shown
that echocardiographic evaluation of EAT thickness
can be an inexpensive and noninvasive assessment tool
for determining CAD risk.” Studies show that patients
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Table 3 - Effects of different groups on growth differentiation factor-15 (GDF-15), EE and

thickness of EAT.
Groups GDF-15 EF EAT thickness (cm)
BD group (n=22) 103.11 (65.29-167.86) 63.86+2.64 0.36+0.10
Non-BD group (n=22) 95.42 (43.26-164.85) 63.04+2.39 0.35+0.09
Control (n=29) 86.37 (37.45-157.51) 63.89+2.71 0.26.06
P 0.543 0.480 <0.001
P(BD-non BD) 0.467 0.288 0.972
PEL-O 0.382 0.966 <0.001
PpNonBD-C) 0.879 0.250 <0.001

BD: biological disease-modifying antirtheumatic drugs, C: controC: control, EF: ejection
fraction, EAT: epicardial adipose tissue, cm: centimeter, P: p-value

Table 4 - Relations of gender, smoking status and number of enthesitis with growth differentiation

factor-15 (GDF-15) and EAT thickness of patients in the AxSpA group.

Factors GDF-15 P-value EAT thickness P-value
Gender
Male (n=31) 99.18 (48.40-160.52) 0.951 0.33 (0.24-0.39) 0.207
Female (n=13) 115.16 (37.79-192.40) ' 0.26 (0.22-0.36) '
Smoking
Smoker (n=25) 85.18 (46.11-168.50) 0.558 0.36 (0.30-0.42) 0.577
Non-smoker (n=19) 115.16 (59.61-159.95) ' 0.34 (0.23-0.43) '
Number of enthesitis
0 (n=33) 115.16 (57.41-165.49) 0.35 (0.24-0.43)
1 (n=4) 94.84 (62.72-160.54) 0.663 0.37 (0.33-0.45) 0.801
2 (n=7) 46.13 (36.35-235.14) 0.36 (0.33-0.42)
Disease activity
Patients with HDA
(BASDAI24) (n=25) 141.52+114.31 it 0.37+0.07 a4
Patients without HDA 95.06+54.36 " 0.34:0.12 o

(BASDAI<4) (n=19)

AxSpA: axial spondyloarthritis, EAT: epicardial adipose tissue, HDA: high disease activity,

EF: ejection fraction

with rheumatoid arthritis have a thicker EAT than
healthy individuals.'”!" However, there are very few
studies investigating the relationship between axSpA
and EAT thickness.**® Growth differentiation factor-15
is associated with atherosclerosis and cardiac risk.'*"
Some studies that found GDE-15 levels to be higher
in RA and axSpA than in healthy people.'>' However,
data on this subject are insufficient.

Similar to the current study, Boyraz et al* and
Stirticii et al,”® found that patients with AS had a thicker
EAT than healthy controls. Song et al'® found that the
GDF-15 levels of the SpA group were higher compared
to the GDF-15 levels of the healthy controls. In
addition, they found that GDF-15 was associated with
CRP levels and bone erosion in magnetic resonance
imaging.' In the current study, a significant correlation
was found between GDEF-15 levels, functional status,
and disease duration, but GDF-15 levels of axSpA
patients and the control group were similar. This may
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be due to the difference in parameters such as the
number of participants in the study, disease activity,
and disease duration. In addition, it was difficult to find
participants in the study due to the COVID pandemic
that emerged in the country shortly after the start of
the study. Therefore, the number of participants in
this study was small. The low number of participants
reduces the power of the study. The lack of statistically
significant difference in the GDF-15 level may be due
to the small sample size and low power. However, the
strength of this study is that it is one of the few studies
examining GDF 15 and EAT thickness in axSpA.
Lambrecht et al** found that serum GDF-15 levels
of patients with SpA were significantly lower than those
of patients with RA. They determined that the synovial
fluid of participants with SpA had higher GDF-15 levels
than serum, and reported that GDF-15 in synovial
fluid and serum were similar in patients with RA. They
also found that there was no relationship between
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CRP, disease activity, and GDF-15 level.** Similar to
Lambrecht et al's* findings, the association between
GDEF-15 and CRP was also statistically insignificant
in the current study. In this study, BASDAI was not
correlated with GDEF-15; however, a correlation was
found between BASFI and GDF-15. Robertson et al®
followed patients with AS for 5 years and reported that
BASDAI was more stable and BASFI worsened over
time. Bath Ankylosing Spondylitis Disease Activity
Index assesses fatigue, localized tenderness in the dorsal
region, morning stiffness, and spinal and peripheral
joint pain, however, BASFI evaluates daily activities and
the ability to achieve responsibilities in daily life. Bath
Ankylosing Spondylitis Functional Index has a stronger
correlation with disease duration than BASDAL
Therefore, the correlation between GDF-15 and BASFI
in the current study may be related to the correlation
between GDF-15 and disease duration.

Study limitations. Although the present study was
performed in patients with axial rather than peripheral
SpA, the lack of synovial evaluation can be considered a
limitation of this study. The lack of radiologic evaluation
and further cardiologic evaluations can also be counted
as limitations of our study. The small sample size is one
of the most important limitations of this study. The lack
of statistically significant difference in some parameters
may be due to the small sample size. However, despite
all these limitations, the strength of this study is that it
is one of the few studies examining GDF 15 and EAT
thickness in axSpA.

In conclusion, patients with axSpA have significantly
higher EAT levels than controls. GDF-15 levels were
positively correlated with BASFI scores, disease duration,
and age. Prospective, further, and larger studies should
be designed to reveal the associations more clearly.
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