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Background and Objectives: Celiac disease (CD) is a chronic autoimmune disorder induced by dietary gluten intake by individuals who are
genetically sensitive. Many studies report an increased risk of cardiovascular diseases in such patients. The aim of this study is to assess
aortic elasticity properties in patients with CD that may be associated with an increased risk of cardiovascular disease.

Subjects and Methods: Eighty-one patients diagnosed with CD by antibody test and biopsy and 63 healthy volunteers were included in
this prospective study. Electrocardiographic and echocardiographic examinations were performed.

Results: The CD group did not have any differences in the conventional echocardiographic parameters compared to the healthy
individuals. However, patients in the CD group had an increased aortic stiffness beta index (4.3+2.3 vs. 3.6+1.6, p=0.010), increased
pressure strain elastic modulus (33.6+17.0 kPa vs. 28.5+16.7 kPa, p=0.037), decreased aortic distensibility (7.0+3.0x10° cm2/dyn vs.
8.2+3.6x10° cm2/dyn, p=0.037), and similar aortic strain (17.9+7.7 vs. 16.0+5.5, p=0.070) compared to the control group. Patients with
CD were found to have an elevated neutrophil/lymphocyte ratio compared to the control group (2.54+0.63 vs. 2.24+0.63, p=0.012).
However, gluten-free diet and neutrophil/lymphocyte ratio were not found to be associated with aortic elasticity.

Conclusion: Patients with CD had increased aortic stiffness and decreased aortic distensibility. Gluten-free diet enabled the patients with
CD to have a reduction in the inflammatory parameters whereas the absence of a significant difference in the elastic properties of the
aorta may suggest that the risk of cardiovascular disease persists in this patient group despite a gluten-free diet. (Korean Circ J
2016;46(2): 239-245)
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Introduction inflammatory reaction is initiated in the small intestine while crypt
hyperplasia and villous atrophy develop. The impaired small intestine
function leads to the malabsorption of nutrients. Moreover, nutrient

deficiency may develop due to malabsorption while increased

Celiac disease (CD) is an autoimmune disorder induced by dietary
intake of gluten. After the patients are exposed to gluten, the
systemic inflammatory activity may result in extra-intestinal signs.”

The prevalence of CD has increased substantially over the last
50 years. The onset of CD is often assumed to be triggered during
childhood and its clinical manifestations vary across age groups.
Adults who develop CD may present with diarrhea, but can also
have silent manifestations such as anemia. Metabolic bone disease,
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dermatitis herpetiformis, peripheral neuropathy, thyroid diseases,
infertility can occur more frequently in patients with CD than in
the general population.?

Many trials report that cardiovascular risk is higher in patients with
CD compared to the normal population.?®® The main mechanisms
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that are inculpated for cardiovascular risk include endothelial
dysfunction, hyperhomocysteinemia and an increased systemic
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inflammatory response’® One trial reported that traditional
cardiovascular risk factors were less common among patients with
CD who also developed coronary artery disease.” Therefore, it is
important to define the new risk factors in order to identify the
cardiovascular risk in patients with CD. No studies to date explore
the elastic properties of the aorta among patients with CD, which
is known as a cardiovascular risk predictor. In this trial, we aimed to
assess the aortic strain, stiffness and elasticity in patients with CD.

Subjects and Methods

In this prospective study, we evaluated patients diagnosed
with CD through both histopathology and serology (plasma anti-
tissue transglutaminase and anti-endomysial antibodies) and
were followed by the Gastroenterology Department of Antalya
Training and Research Hospital. Eighty-one subjects with CD and
63 healthy controls were included. Patients' baseline demographic
characteristics were recorded. Exclusion criteria are history of
structural heart disease, coronary artery disease, permanent
atrial fibrillation, acute infectious disease, collagen tissue disease,
malignancies, diabetes mellitus, hypertension, and a history
of inflammatory disease other than CD. Subjects consuming
corticosteroids, had renallhepatic failure, or a hematological
disease were also excluded from this study.

Routine biochemical tests and complete blood count (CBC) were
performed on antecubital venous sample after 12 hours of fasting.
CBC including white blood cell, neutrophil and lymphocyte counts
were performed using an automated CBC device (Abott Cell Dyn,
Abbott Park, IL, USA). Neutrophil/lymphocyte ratio was calculated
using data obtained from the CBC count. The C-reactive protein
levels (normal range: 0-5 mg/L) were analyzed with an IMMAGE®
800 (Beckman Coulter Inc., Brea, CA, USA).

The heart rate and blood pressure were measured and
12-derivation surface electrocardiography (Nihon Kohden,
Tokio, Japan) was performed. Transthoracic echocardiographic
examination (EPIQ 7 Ultrasound System, Philips, Heide, Netherlands)
was performed as well. The measurements were performed
in line with the recommendations of the American Society of
Echocardiography.”” Two cardiologists who were uninformed of
the subjects'clinical conditions performed all measurements. The
average of three measurements was recorded. The systolic and
diastolic ascending aortic diameters were recorded in M-mode
under echocardiographic and electrocardiographic guidance
approximately 3 cm above the aortic valve from parasternal long
axis views. The systolic aortic diameter was measured at the time
of maximum anterior motion of the aorta while the diastolic
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diameter was measured at the start of the QRS complex in
electrocardiography (Fig. 1). The following formulas were used to
assess the elastic properties of the aorta.”?™

Aortic strain (%)=(aortic SD [systolic diameter]-aortic DD
[diastolic diameter])x100/aortic DD

Aortic stiffness beta index=natural logarithm (systolic BP [oblood
pressure]/diastolic BP)/([aortic SD-aortic DD]/aortic DD)

Aortic distensibility (cm?.dyne™.10-%)=2x([aortic SD-aortic DD]/
aortic DD)/(systolic BP-diastolic BP)

Pressure strain elastic modulus=(systolic BP-diastolic BP)/([aortic
SD-aortic DD]/aortic DD)

Statistical analysis

Data were analyzed with SPSS software version 21.0 for Windows
(SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as
mean+standard deviation, and categorical variables were expressed
as a percentage. The ¥? test and Fisher's exact test were used to
compare the categorical variables. The Shapiro-Wilk test was used to
assess the distribution of the continuous variables. Student's t-test
was used for variables with normal distribution and the values were
presented as mean+standard deviation. Continuous variables without
normal distribution were analyzed using the Mann-Whitney U test
and the values obtained were presented as median (50") values and
interquartile ranges (25" and 75%). The effects of different variables
on each aortic elasticity parameter were calculated in linear regression
analysis. A two-tailed p <0.05 was considered statistically significant.

Results

Eighty-one patients with CD (74% female, mean age 43+11) and

Fig. 1. Systolic (s) and diastolic (d) ascending aortic diameters recorded in
M-mode approximately 3 cm above the aortic valve from parasternal long-
axis views.
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63 healthy volunteers (71% female, mean age 42+5) as control group
were enrolled in the study. Their baseline characteristics are listed
in Table 1. There were no significant differences between the two
groups with respect to hyperlipidemia, smoking, age and gender. All
of the patients were in the sinus rhythm. The blood pressure values
were within the normal range in the study population; however, in
patients with CD, the systolic and diastolic blood pressures were
higher than the control group. The self-reported gluten-free diet
(GFD) adherence of patients with CD was 43%. The median time
to CD diagnosis was 24 months (12-60 months). Patients with CD
had higher neutrophil/lymphocyte ratios (2.54+0.63 vs. 2.24+0.63,
p=0.012) from the systemic inflammatory parameters and had
higher C-reactive protein values (3.9+3.4 vs. 3.0+0.8, p<0.001)
compared to the control group. The analysis of patients with CD
revealed that those who adhered to the GFD had lower neutrophil/
lymphocyte ratios compared to those who did not adhere to the
diet (2.2+0.5 vs. 2.7+0.6, p=0.005).

Among the conventional echocardiographic parameters; left
ventricular ejection fraction, interventricular septum thickness,
posterior wall thickness, left atrial diameter, left ventricular end-
diastolic diameter, left ventricular end-systolic diameter, systolic
pulmonary artery pressure averages were within the normal
ranges, and the two groups did not have significant differences.

Table 1. Demographic characteristics of the study populations

Celiac disease ~ Control group

Variable (n=81) (n=63)

Age (years) 43.2+11.1 422452 0.329
Female, n(%o) 60 (74) 45 (71) 0.426
Smoking, n(%) 26 (32) 24 (38) 0.316
BMI (kg/m?) 23.3 (22-25) 23.5(22-24) 0.168
Systolic BP (mmHg) 125.849.1 120.9+8.8 0.004
Diastolic BP (mmHg) 75.149.3 85.0+7.3 <0.001
TC (mg/dL) 190.9+44.7 196.8+44.6 0.322
LDL (mg/dL) 118.1 (95-144) 108.8 (83-141)  0.087
HDL (mg/dL) 42.5+11.0 43.1+8.6 0.177
Trigliseride (mg/dL) 124.8+63.0 140.6+77.4 0.965
Uric acid (mg/dL) 40+15 3.5+1.1 0.370
CRP (mg/L) 39+34 3.0+0.8 <0.001
N/L ratio 2.54+0.63 2.24+0.63 0.012
Glucose (mg/dL) 86.5+12.4 91.5+8.6 0.126

Data are expressed as mean+standard deviation for normally distributed
data, median (50" values and interquantile ranges (25" and 75") for con-
tinuous variables without normal distribution, and percentage for categor-
ical variables. BMI:body mass index, BP: blood pressure, TC: total cholester-
ol, LDL: low density lipoprotein, HDL: high density lipoprotein, CRP: C-
reactive proteine, N/L:neutrophil/lympocyte

www.e-kej.org

Nermin Bayar, etal. 241

Further, the groups did not have significant differences regarding
E/E, value as an indicator of diastolic dysfunction (Table 2).

Patients with CD were found to have significantly decreased
aortic diastolic and systolic diameters compared to the control
group. Aortic elastic properties of both groups were compared.
There were no significant differences in aortic strain between the
patients with CD and the control group (17.947.7 vs. 16.0+5.5,
p=0.070). Pressure strain elastic modulus was found to be higher
in patients with CD than in the control group (33.6+17.0 kPa vs.
28.5+16.7 kPa, p=0.037). Aortic stiffness beta index was higher in
patients with CD than in the control group (4.3+2.3 vs. 3.6+1.6,
p=0.010) (Fig. 2). Aortic distensibility was observed to be lower in
patients with CD (7.0+3.0x10°® cm2/dyn vs. 8.2+3.6x10°¢ cm2/dyn,
p=0.037) (Table 3). The analysis of patients with CD alone showed
no significant difference in the aortic elastic properties between
those who followed a GFD and those who did not (Table 4).

The linear regression analysis on parameters affecting the aortic
elastic properties revealed that there was a significant association
between the presence of CD and aortic systolic and diastolic
diameters, aortic stiffness beta index and aortic strain (Table 5).

Discussion

In this study, we observed that the aortic stiffness beta index
increased as aortic distensibility decreased in patients with CD.
Patients with CD who followed a GFD had lower neutrophil/

Table 2. Conventionally echocardiographic parameters of the study
populations

Celiac disease Control group

Variable (n=81) (n=63)

LVEF (%) 65.1+2.2 65.2+2.2 0.893
LA diameter (mm) 34.0+4.1 33.144.1 0.105
LVEDD (mm) 43.1+4.4 44.8+3.5 0.072
LVESD (mm) 24.243.2 23.8+4.0 0.708
E/A ratio 1.3+0.4 1.2+0.3 0.587
E/E, 0.66+0.23 0.68+0.30 0.754
EDT (ms) 205+37.6 200+39.1 0.146
IVRT (ms) 80.3+14.4 86.5+17.7 0.937
LVH presence, n(%) 3(3) 2(3) 1.000

Data are expressed as mean+standard deviation for normally distributed
data and percentage for categorical variables. LVEF: left ventricular ejec-
tion fraction, LA: left atrium, LVEDD: left ventricular end diastolic diameter,
LVESD: left ventricular end systolic diameter, E: mitral inflow early diastolic
velocity, A: mitral inflow late diastolic velocity, E,:annular early diastolic
velocity, EDT: early deceleration time, IVRT: isovolumetric relaxation time,
LVH: left ventricular hypertrophy
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Fig. 2. Aortic stiffness beta index values in patients with celiac disease and
in the control group.

Table 3. Aortic elastic properties of the study populations

Celiac disease Control group

Variable (n=81) (n=63)

Aortic DD (mm) 25.143.5 273+2.7 <0.001
Aortic SD (mm) 29.043.2 315429 0.001
Aortik strain (%) 17947.7 16.0+5.5 0.070
Aortik distensibility 7.0+£3.0 8.2+3.6 0.037

(10 cm2/dyn)

Aortik stiffness 3 index 43+2.3 36+1.6 0.010
Elastic modulus (kPa) 33.6+17.0 28.5+16.7 0.037

Data are expressed as mean+standard deviation for normally distributed
data. DD: diastolic diameter, SD: systolic diameter

Table 4. Gluten-free diet, aortic elastic properties and inflammatory
parameters

Variable ?:::D 4(:)) (2:1:23(;; p

Aortic DD (mm) 245+2.7 245435 0.986
Aortic SD (mm) 28.7+2.7 29.1+2.8 0.763
Aortik strain (%) 17.7+7.4 19.2+8.0 0.451
Aortik distensibilite 6.9+2.7 7.543.2 0.454

(10°® cm2/dyn)

Aortik stiffness (3 index 47420 57425 0.058
Elastic modulus (kPa) 34.7+17.0 32.6+17.2 0.441
CRP (mg/L) 3.04£3.2 45+3.6 0.715
NJ/L ratio 2.2+0.5 2.7+0.6 0.005

Data are expressed as mean+standard deviation for normally distributed
data. Aortik stiffness B index: (BETA=In [systolic/diastolic pressure]x2
blood viscosity/pulse pressurexPWVQ]. GFD: gluten-free diet, DD: diastolic
diameter, SD: systolic diameter, CRP: C-reactive proteine, N/L: neutrophil/
lymphocyte
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lymphocyte ratios than those who did not follow the GFD. There
was no significant association between GFD, neutrophil/lymphocyte
ratio and aortic elastic properties. These findings suggest that
increased aortic stiffness in patients with CD is multifactorial and
thus, cannot be explained by inflammation alone. Further, this
phenomenon is not influenced by a GFD.

CD is a chronic small intestinal immune-mediated enteropathy
that occurs in genetically predisposed people in response to the
dietary intake of gluten Chronic inflammation of the small
intestine, villous atrophy and secondary nutrient malabsorption
develop in patients suffering from CD. The prevalence of CD is
reported to range from 0.5 to 3 %."'® Malabsorption symptoms
(diarrhea, vomiting, steatorrhea, deficiency of fat-soluble minerals,
iron and folate deficiencies) are more pronounced in the classic type
of CD, which is more common among children. However Atypical
CD, is the most common form among adolescents and adults, in
which extra-intestinal symptoms, such as laboratory abnormalities
(especially iron deficiency anemia) and osteopenia are prevalent.”

The pronounced symptoms
geographical regions. Ehsani-Ardakani et al.'® found that the most

may vary across different

common CD symptom in European countries is associated with the
upper abdominal area (abdominal pain and dyspepsia). In contrast,
the lower gastrointestinal symptoms (diarrhea, bloating), as well
as anemia are more prevalent in the Middle Eastern countries.
CD may either be asymptomatic or presented with various clinical
manifestations; therefore, the exact prevalence of the disease may
be greater than reported.

Patients with CD may present with gastrointestinal symptoms,
as well as with extra-intestinal symptoms, the cause of which
cannot be explained precisely. Furthermore, CD is reported to
be concomitant with other autoimmune diseases, such as type
1 diabetes mellitus, Hashimoto's thyroiditis, and collagen tissue
diseases.?2020 The majority of the population-based studies
have reported that patients with CD are have an increased risk of
cardiovascular disease compared to the normal population and that
the most common cause of death is cardiovascular diseases.#9

However, most of the cardiovascular events in these patients
cannot be explained by traditional risk factors. Emilsson et
al!” demonstrated that patients with CD, who had a history
of myocardial infarction had a better risk profile regarding the
traditional cardiovascular risk factors compared to those without
CD. Therefore, it is important to define new risk factors that are
associated with the increased cardiovascular risk in this patient
group. It is known from previous studies that the increased aortic
stiffness and chronic systemic inflammation is associated with an
increased cardiovascular risk.22? In our study, aortic stiffness was
found to increase in patients with CD, although they were similar
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Table 5. Multivariate linear regression for change in aortic elasticity parameters among adults with and without Celiac disease
Rortik STMESS B Blastic modulus ~ Aortik distensibility  Aortik strain Aortic DD Aortic SD
Variables B p B p p p p p p p p p
Celiac disease ~ 0.333 0.001 0.126 0.202 -0.041 0.671 0.223 0.017 -0.372 <0.001 -0.348 <0.001
Age (years) -0.010 0.921 0.252 0.014 -0.305 0.003 -0.324 0.001 0.380 <0.001 0.300 0.002
Smoking -0.051 0.587 0.038 0.696 -0.072 0.452 -0.050 0.586 0.114 0.179 0.092 0.304
BMI -0.036 0.714 -0.007 0.943 -0.018 0.863 -0.031 0.751 -0.019 0.835 -0.045 0.639
CRP -0.012 0.897 0.043 0.652 0.018 0.188 0.039 0.669 0.031 0.709 0.028 0.751
N/L ratio -0.015 0.876 -0.101 0.299 0.087 0.365 0.015 0.873 -0.059 0.480 -0.079 0.375
E/E, ratio 0.037 0.693 0.066 0.493 -0.002 0.982 -0.107 0.241 0.098 0.241 0.065 0.465
LVH presence  -0.157 0.088 -0.034 0717 -0.0M 0.908 -0.019 0.828 0.115 0.165 0.129 0.140
LVEF 0.083 0.350 -0.024 0.792 0.083 0.361 0.068 0.436 -0.063 0.430 -0.059 0.484

B: standardized regression coefficient. DD:diastolic diameter, SD:systolic diameter, BMI: body mass index, CRP: C-reactive proteine, N/L: neutrophil/lympho-
cyte, E: mitral inflow early diastolic velocity, E,:annular early diastolic velocity, LVH: left ventricular hypertrophy, LVEF: left ventricular ejection fraction

with respect to the traditional risk factors. Hence, measurement of
aortic elastic properties as a non-traditional risk factor in patients
with CD may help identify the cardiovascular risk.

Ongoing inflammation may have an effect on the increased aortic
stiffness etiology in patients with CD. El Gamal et al.? investigated
patients with systemic lupus erythematous, an autoimmune
disorder like CD, and asserted that increased aortic stiffness was
associated with disease activity and inflammation rather than the
atherosclerotic process. In another study, Barbulescu et al.?® found
that increased aortic stiffness was associated with levels of the
inflammatory markers: C-reactive protein and interleukin-6. In our
study, the neutrophil/lymphocyte ratio of patients with CD was
found to be higher than in the control group, while those who
adhered to a GFD had lower neutrophil/lymphocyte ratios than
those who did not adhere.

These findings may suggest that chronic systemic inflammation
decreases with diet in these patients. Persistent inflammation may
be an important factor for increased cardiovascular risk in patients
who do not adhere to a GFD. However, GFD, neutrophil/lymphocyte
ratio and C-reactive protein levels, as well as aortic elastic
properties did not have significant associations. This suggests
that the impairment of the aortic elasticity in patients with CD is
multifactorial and cannot be explained by inflammation alone.

Hyperhomocysteinemia may also play a role in the increased
cardiovascular risk in patients with CD. Folate deficiency secondary
to malabsorption may lead to the impairment of homocysteine
metabolism and to hyperhomocysteinemia.??® Elevated homocysteine
affects the cardiovascular system in various ways. It increases
oxidative stress causing cardiomyocyte dysfunction and apoptosis,
decreases the response of myofilaments to calcium declining the

www.e-kej.org

cardiomyocyte contractibility, increases oxidative stress in vessels,
and finally, decreases nitric oxide synthesis and availability causing
endothelial dysfunction.?””® Furthermore, elevated homocysteine
was found to destroy elastin fibers and cause proliferation in
vascular smooth muscles and thus decrease vessel elasticity.

Nestel et al.”” demonstrated that elevated homocysteine due
to an increase in methionine caused an acute increase in aortic
stiffness (in 5 hours). To date, there are contradictory data
regarding the effect of a GFD on homocysteine levels in patients
with CD.%29 Gefel et al.” reported that a GFD enabled a decrease
in the homocysteine levels. On the other hand, De Marchi et al.?
reported that there was no significant change in homocysteine
levels in patients observing a GFD, although C-reactive protein
levels declined with a GFD. In our study, elevated homocysteine
levels may play a major role in increased aortic stiffness in patients
with CD because significant changes were observed in aortic
elastic properties with a GFD, although the inflammatory activity
decreased. However, we could not assess this association since we
could not analyze homocysteine levels of our patients.

Diagnosis was established by mucosa of the proximal small
intestine biopsy. Presence of circulating antibodies against
gliadin, endomysium and tissue transglutaminase further support
diagnoses.” It is essential in the treatment to exclude gluten
from diet. In a study of 20 newly diagnosed CD patients, initially
impaired endothelium-dependent flow mediated dilation improved
and carotid intima-media thickness receded after 8 weeks of
a GFD.Y Lim et al.*¥ reported that blood pressure was restored
to normal levels in a patient with CD. The majority of symptoms
and clinical findings improve quickly and antibody titers decrease
with GFD adherence. However, improvement of the aortic elastic
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properties could not be demonstrated in our study although the
inflammation was lowered with GFD. This may suggest that the
increased cardiovascular risk persists in patients despite a GFD.

Study limitations

Concerning the possible limitations of the present study, it was
a single-center study and included a small number of patients.
The current homocysteine values and antibody titers could not be
obtained from all patients at the time of the echocardiographic
examination. Therefore, the association between the aortic
elastic properties, homocysteine and antibody titers could not be
explored. The study protocol did not include long-term follow-up,
hence the effect of aortic elastic properties on prognosis could not
be assessed.

Conclusion

Aortic stiffness increased while aortic elasticity decreased
in patients with CD. Assessment of aortic elastic properties as
non-traditional cardiovascular risk factors may contribute to the
identification of cardiovascular risk in patients with CD.
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