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Lipid profile, atherogenic indices, and their
relationship with epicardial fat thickness and carotid
intima—media thickness in celiac disease

Zuhal Caliskan,! (© Kenan Demircioglu,? (© Suleyman Sayar,! (2 Resul Kahraman,! (2 Ozge Caklili,>
Fatma Betul Ozcan,? 2 Osman Kostek,* © Omer Faruk Baycan,? © Hamdi Levent Doganay,!
Mustafa Caliskan?

Department of Gastoenterology, Saglik Bilimleri University, Umraniye Training and Reaserch Hospital, Istanbul, Turkey
2Department of Cardiology and Internal Medicine, Istanbul Medeniyet University, Goztepe Training and Reaserch Hospital, Istanbul, Turkey

3Department of Oncology, Trakya University, Edirne, Turkey

ABSTRACT

OBJECTIVE: In this study, we aimed to investigate the presence of subclinical atherosclerosis by measuring epicardial fat
thickness (EFT) and carotid intima—media thickness (cIMT), evaluate low-level inflammation with high-sensitivity C-reactive
protein (hsCRP), and evaluate whether there is a relationship among lipid profile, atherogenic indices, and hsCRP with these
subclinical atherosclerosis markers in patients with celiac disease (CD).

METHODS: After exclusion and inclusion criteria were applied, 31 patients with CD (24 female, mean age: 39.4+12.3 years)
and 32 healthy controls (21 female, mean age: 39.5+4.4 years), totally 63 cases, were recruited. Subclinical atherosclerosis
was evaluated with EFT by transthoracic echocardiography and cIMT by ultrasonography. Inflammatory markers including
erythrocyte sedimentation rate (ESR), hsCRP, and lipid profile were recorded. Also, atherogenic indices were calculated:
Castelli risk index I and II (TG/HDL-c and LDL-c/HDL-c, respectively), atherogenic index of plasma (AIP; logarithm TG/HDL-c),
non-HDL-c (TG-HDL-c), and atherogenic coefficient (AC; non-HDL-c/HDL-c).

RESULTS: EFT was significantly higher in the CD group (0.49+0.10 vs. 0.49+0.09; p-value: 0.02). Although cIMT was higher
in the patient group, it did not reach statistical significance (0.51+0.08, 0.47+0.08; p-value: 0.10). HDL cholesterol level was
found to be significantly lower (42.0+8.8 vs. 50.0+13.7; p-value: 0.01), and the plasma atherogenic index was found to be
significantly higher in the patient group (0.98+0.50 vs. 0.62+0.64; p-value: 0.02). hsCRP (3.51+3.18 vs. 1.92+1.40; p-value:
0.02) and ESR (17.2+12.8 with 9.7+3.1; p-value: 0.01) were found to be significantly higher in the CD group. Although there
was a significant positive correlation between EFT and hsCRP (r: 0.453; p-value: 0.01), there was a significant negative
correlation between cIMT and HDL-cholesterol (—0.339; p-value: 0.05), and a significant positive correlation with the other
components of the atherogenic index was found.

CONCLUSION: The risk of atherosclerosis has been increased in patients with CD. Chronic inflammation may be responsible
for this increase along with atherogenic indices.
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therosclerotic heart disease is the leading cause of

morbidity in Western population [1]. Recently due
to altering nutritional conditions and dietary habits of
developing countries, an increase in cardiovascular mor-
tality has been observed in Turkey as well [1, 2]. A novel
study has reported a multifactorial interaction between
inflammation and development, and progression and
rupture of plaque in atherosclerotic lesions [3]. In this
context, it is assumed that atherosclerosis is an immune-
inflammatory disease [3, 4]. Also, in most of the patients
with acute coronary syndrome, there is an increase in
high-sensitivity C-reactive protein (hsCRP), which is a
marker of inflammation, and it is reported that hsCRP is
a prognostic marker for future cardiovascular events [5].
There is an increase in cardiovascular disease in chronic
inflammatory diseases such as ankylosing spondylitis,
rheumatoid arthritis, and inflammatory bowel diseases.
Subclinical inflammation was held responsible for in-
crease of cardiovascular diseases in these immune-in-
flammatory conditions, which do not possess conven-
tional cardiovascular risk factors [6—8]. Celiac disease
(CD) is an autoimmune disease in which genetically
susceptible persons develop antibodies against gluten
(gliadin) protein [9]. The disease is characterized with
chronic inflammation of proximal segment of small in-
testine [9]. It also affects other organs and tissues. Some
recent studies have reported that CD causes endothelial
damage and susceptibility to atherosclerosis [10, 11].
However, in these studies, there are no data to explain
the pathogenesis of cardiovascular heart disease risk.

Epicardial fat tissue is an active visceral fat tissue
which itself is an endocrine organ. It is well known that
epicardial fat tissue thickness (EFT) measured with
echocardiography has a significant association with low
level of inflammation and subclinical atherosclerosis [12].
Also, carotid intima—media thickness (cIMT) assessed
with ultrasound is a marker of early-stage atherosclerotic
disease [7].

Atherogenic lipid profile is defined as an increase in
serum total cholesterol, low-density lipoprotein choles-
terol (LDL-c), and triglycerides (TG), and a decrease
in high-density level (HDL-c) cholesterol [13]. Some
studies have stated that HDL cholesterol levels are
lower in patients with CD compared to healthy con-
trols. Other studies have suggested that Castelli risk in-
dex I and II (TG/HDL-c and LDL-c¢/HDL-c, respec-
tively), plasma atherogenic index (PAI; logarithm TG/
HDL-c), non-HDL-c (TG-HDL-c), and atherogenic
coeflicient (AC; non-HDL-c/HDL-c) indices are more

sensitive in predicting atherosclerotic cardiovascular
heart disease risk [13-15].

In this study, we aimed to investigate the presence of
subclinical atherosclerosis by measuring EFT and cIMT,
evaluate low-level inflammation with hsCRP, and evalu-
ate whether there is a relationship between atherogenic
indices and hsCRP with these subclinical atherosclerosis
markers in patients with CD.

MATERIALS AND METHODS

Study population

The study was conducted in compliance with Helsinki
declaration 1967. Patient consents were obtained from
each subject. Inclusion criteria of the study included pos-
itive serologic testing for CD (anti-tissue transglutami-
nase (dTG) or anti-endomysium antibody (EMA)) and
confirmation of the diagnosis with endoscopic biopsy
(MARSH score) was required. Patients who fulfilled these
criteria were advanced to cardiovascular examination and
medical history with 12-derivative standard EKG work-
up. Patients with angina pectoris were evaluated using a
treadmill test and patients with positive test results were
excluded. Other exclusion criteria were: active smoking,
morbid obesity (body mass index >35 kg/m?), pregnancy,
diabetes, another immune or inflammatory diseases be-
sides CD and hypertension (patients under hypertensive
treatment or with blood pressure >140/90 mmHg). Pa-
tients with liver disease, renal disease, cardiovascular, or
cerebrovascular disease history (myocardial infarction,
transient ischemic attack, or stroke) were also excluded.
After exclusion criteria and inclusion criteria were applied,
31 patients with CD (24 female, mean age: 39.4+12.3
years) and 32 healthy controls (21 female, mean age:
39.5+4.4 years), totally 63 cases, were recruited. Age, sex,
body mass index (BMI), heart rate, and blood pressure
of the patients were recorded. Sedimentation, hsCRP,
complete blood count, renal function tests, and immune
disease diagnostic tests were evaluated. Blood lipid profile
and blood glucose levels of all subjects were assessed af-
ter 12-hours fasting, Atherogenic indices were calculated
as previously described [15]. Written informed consents
were obtained from each subject. The institutional ethics
committee approved the study protocol.

Imaging Techniques
Echocardiographic evaluations (EFT measurement)

Echocardiographic evaluation was performed by a clin-
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ical data-blind, experienced cardiologist with a ‘S5-1
probe Philips EPIQ/G, Bothell, WA’ device. EFT was
defined as non-echogenic spaces between epicardial
layers in two-dimensional imaging. EFT was recorded
from parasternal long- and short-axis windows, free wall
of right ventricle, end diastolic, and through three car-
diac cycles. Maximal measurements from each site were
recorded and their mean was calculated.

Ultrasonographic evaluation (carotid intima—media
measurement)

cIMT was measured with a high-resolution 7.5 MHz
linear ultrasound probe (Hitachi EUB 6500, Osaka, Ja-
pan, device compatible). Measurements were performed
with two-dimensional ultrasound imaging from internal
carotid artery and 10 mm far from carotid artery bifur-
cation. To minimize the effect of arterial compliance
on results, measurements were performed with EKFG
monitorization and with peak-R wave match (to corre-
late with the stage of cardiac cycle) 7, 16]. In every ses-
sion, measurements were made from three sites. Mean
cIMT is defined as the mean of six measurements in two
different sessions. To test the repeatability coefficient of
EFT and cIMT, measurements of 10 subjects from the
control group were repeated. Coeflicients were found as
0.920 for EFT and 0.952 for cIMT.

Statistical Analysis

All analyses were performed with SPSS 9.0 (SPSS for
Windows 9.0, Chicago, IL). Variables were expressed as
meanztstandard deviation. Student’s t-test was used for
comparison of two groups. Pearson correlation analy-
sis was used to test the relationship between EFT and
cIMT. Multivariate linear regression model was used to
test independent predictors of EFT.

RESULTS

Clinical Characteristics of the Study Population

Clinical features and laboratory results of the patient
and control groups are summarized in Table 1. Age,
gender, BMI, systolic and diastolic blood pressures,
heart rate, fasting blood glucose, serum urea nitrogen,
and creatinine levels were similar between groups.
There was no significant difference between groups in
terms of lipid panel, which includes total cholesterol,
triglycerides, LDL cholesterol, non-HDL cholesterol,
Castelli risk index I, II, and atherogenic coefhicient,

TABLE 1. Demographic and biochemical characteristics of
patients with celiac disease and control subjects

Celiac Control p

disease group

(n=31) (n=32)
Age (years) 39.4+12.3 39.5+4.4 0.84
Gender female/male (n/n) 24/7 21/11 0.30
Body mass index (kg/m?) 24.8+4.2 24.7+43 0.97
Systolic BP (mmHg) 119.749.1 118.7+8.7 0.64
Diastolic BP (mmHg) 75.5£5.2  77.0+£5.7 0.26
Heart rate (beat/minute) 72.9+3.7 74.1+£10.9 0.54
Fasting plasma glucose (mg/dl) 93.1+6.7 90.9+6.0 0.18
BUN (mg/dl) 19.9+7.1  18.3%4.9 0.30
Creatinine (mg/dl) 0.67+£0.19 0.64+0.14 0.44

Total cholesterol (mg/dl) 180.4+£24.6 186.4+31.2 0.40
Triglycerides (mg/dl) 119.1+44.8 108.4+51.1 0.14
HDL cholesterol (mg/dl) 42.7+8.8 50.0+13.7 0.01
LDL cholesterol (mg/dl) 113.0+£20.9 115.7+£27.3 0.65
Non-HDL cholesterol (mg/dl) 76.3+£49.5 50.8+57.5 0.06
Castelli risk index I 3.00+1.54 2.26+1.54 0.06
Castelli risk index II 2.76+0.83 2.46+0.86 0.17
Atherogenic index of plasma 0.98+0.50 0.62+0.64 0.02
Atherogenic coefficient 1.20+1.22 1.27+1.54 0.85
Hemoglobin (mg/dl) 13.1+£1.1  14.0£1.1 0.22
hsCRP (mg/I) 3.51+3.18 1.92+1.40 0.02
ESR (mm/h) 17.2+£12.8 9.7#3.1 0.01
Disease duration (years) 5.1£5.4 n/a n/a
EFT (cm) 0.49+£0.10 0.43+£0.09 0.02
cIMT (cm) 0.51+0.08 0.47+0.08 0.10%

*Non-parametric test (Mann—-Whitney U). BP: Blood pressure; BUN: Blood urea
nitrogen; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; hsCRP:
High-sensitivity C-reactive protein; ESR: Erythrocyte sedimentation rate; EFT:
Epicardial fat thickness; cIMT: Carotid intima—media thickness; atherogenic co-
efficient: non-HDL-c/HDL-c; atherogenic index of plasma: log TG/HDL-c; Castelli
risk index I: TC/HDL-c; Castelli risk index II: LDLc/HDL-c; non-HDL-c: TC-HDL-c.

whereas HDL cholesterol was found to be significantly
lower (42.7+8.8 vs. 50.0+13.7; p-value: 0.01) and
plasma atherogenic index was significantly found to
be higher (0.98+0.50 vs. 0.62+0.64; p-value: 0.02) in
the patient group. hsCRP (3.5143.18 vs. 1.92+1.40;
p-value: 0.02) and ESR (17.2+12.8 with 9.7+3.1; p-
value: 0.01) were found to be significantly higher in
the CD group and EFT was significantly higher in the
CD group (0.49+0.10 vs. 0.49+0.09; p-value: 0.02).
Although cIMT was higher in the patient group, it did
not reach statistically significant levels (0.51+0.08 vs.
0.47+0.08; p-value: 0.10).
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TABLE 2. Correlations between EFT and cIMT and other TABLE 3. Multivariate predictors of increased EFT in the
study variables study population
EFT cIMT B SE (B) p
r p r p Intercept 0.310 0.157 0.001
Celiac disease 0.060 0.028 0.03
Age (years) -0.096 0.61 0.016 0.93 HsCRP (mg/dI) 0.014 0.001 0.17
Systolic BP (mmHg) -0.189 0.31 -0.242 0.19 Body mass index (kg/m?2) 0.001 0.004 0.25
Diastolic BP (mmHg) -0.111 0.55 -0.108 0.56 Triglyceride (mg/dl) 0.001 0.001 0.41
hsCRP (mg/dI) 0.453 0.01 -0.068 0.71 LDL-c (mg/dI) 0.001 0.001 0.66
HDL- cholesterol (mg/dl) 0.179 0.33 -0.339 0.05 HDL-c(mg/dI) 0.002 0.001 0.24
LDL- cholesterol (mg/dl) -0.124 0.50 0.362 0.04 P c oL Lowd | A
. . Sf : High-sensitivity C-reactive protein; -C: Low-density lipoprotein cho-
Trlglycende (mg/dl) -0.119 0.52 0.506  0.004 lesterol; HDL-c: High-density lipoprotein cholesterol.
Triglyceride/HDL-c ratio -0.082 0.66 0.473 0.007
LDL-c/HDL-c ratio -0.162 0.38 0.444 0.01
Log Triglyceride/HDL-c ratio  -0.082 0.66 0.473 0.007
Non-HDL-c (mg/dl) -0.097 060 0.504 0.004  an increase, it is not statistically significant, (ii) there is
Non-HD-¢/LDL-c ratio 0117 053 0.187 031 = ap increase in atherogenic indices of patients with CD

EFT: Epicardial fat thickness; cIMT: Carotid intima—media thickness; BP: Blood
pressure; hsCRP: High-sensitivity C-reactive protein; HDL-c: High-density lipo-
protein cholesterol; LDL-c: Low-density lipoprotein cholesterol; ESR: Erythrocyte
sedimentation rate; atherogenic coefficient: non-HDL-c/HDL-c; atherogenic in-
dex of plasma: log TG/HDL-c; Castelli risk index I: TC/HDL-c; Castelli risk index
II: LDL-c/HDL-c; non-HDL-c: total cholesterol-HDL-c.

Correlation Analysis Between cIMT and EFT and
Other Variables

While there was a significant positive correlation be-
tween EFT and hsCRP (r: 0.453; p-value: 0.01), no re-
lation was found between EFT and other variables. On
the other hand, there was a negative correlation between
cIMT and HDL-cholesterol (—0.339; p-value: 0.05)
and a positive correlation with the other components of

the atherogenic indices (Table 2).

Multiple regression analysis was performed to deter-
mine the independent predictors of the increase in EFT.
When EFT was taken as an independent variable and for
diagnosis of CD, hsCRP, BMI, triglycerides, LDL, and
HDL-cholesterol values were considered as dependent
variables, and the presence of CD was determined as an
independent predictor for the increase in EFT (f3: 0.060;
p=0.03; Table 3).

DISCUSSION

This study showed that in patients with CD and with-
out coronary heart disease risk factors, (i) EFT has in-
creased statistically; however, although cIMT has shown

including lipid parameters, ESR, and hsCRP compared
to controls, and (iii) there is a close relationship between
subclinical atherosclerosis markers, such as EFT and
cIMT, and inflammatory markers.

It has been reported that in immune diseases, the
atherosclerotic process progresses [6—8, 11]. Among
coronary risk factors, chronic systemic inflammation
itself can be the main culprit [11]. A recent study by
Baena-Diez JM et al. has reported that in immuno-in-
flammatory diseases, the risk of cardiovascular events
increases significantly [17]. Yarur et al. observed that
the risk of ischemic heart disease increases in inflamma-
tory bowel diseases [18]. CD is a chronic autoimmune
enteropathy, which is induced by gluten containing diet
in genetically susceptible persons [9, 11]. The proximal
segment of small intestine is the primary target organ
[9]. Nevertheless, the autoimmune nature of CD has tar-
geted other organ systems including the cardiovascular
system [10, 11, 19]. Gluten enteropathy is characterized
with villus atrophy, crypt hyperplasia, and increased lym-
phocyte infiltration [19]. The intestinal epithelial layer is
infiltrated by CD 8+ T cells intensely and triggers ente-
rocyte apoptosis in epithelial tissues [19, 20]. Exposure
to gluten-containing foods activates CD8 T lymphocytes
in peripheral circulation and clusterization in intestinal
tissues [21]. For gliadin protein to be recognized by CD
8+ lymphocytes, it has to be presented by epithelial tis-
sues. In this process, CD8+ T lymphocytes secrete in-
terferon (IFN) gamma [22]. Also, intestinal microbiota
contributes to activation of CD8+ T cells [23]. It has
been proved that IFN gamma increases intestinal per-
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meability and plays an important role in the inflamma-
tory process by increasing gluten peptide translocation
[24]. This inflammatory process is responsible for patho-
genesis of the disease and it can also be related to the
atherosclerotic process.

Recent studies have pronounced the relationship be-
tween atherosclerosis and inflammation more strongly.
EFT and cIMT have been designed as non-invasive, eas-
ily repeatable and applicable, cost-efficient methods to
assess atherosclerosis. This is the first study to evaluate
cardiovascular risk assessment with EFT in patients with
CD. Along with its mechanic-shield effect, epicardial fat
tissue has paracrine and metabolic features, which play a
role in the development of atherosclerosis [25, 26]. This
tissue is the production site for various proinflammatory
cytokines including interleukin 6, TNF alpha, and leptin.
This tissue is adjacent to coronary arteries and this neigh-
borhood can initiate a paracrine inflammatory effect to
enhance the development of atherosclerosis. Also secre-
tion of inflammatory cytokines can also cause a systemic
inflammatory effect [25, 26]. In this study, although we
have not assessed inflammatory mediators such as inter-
leukin 6 and TNF alpha, the close relationship between
hsCRP and EFT supports our hypothesis, which under-

lines the role of inflammation in atherosclerosis.

In our study, another important finding was the sta-
tistically insignificant increase of cIMT in patients com-
pared to controls, decrease in HDL cholesterol, and
increase in TG/HDL cholesterol levels, which can be
expressed as an atherogenic index. A close relationship
between cIMT and atherogenic indices was observed.
Ciacci et al. reported hypercholesterolemia in newly di-
agnosed gluten-unrestricted patients, but this has not
been proven with other studies (probably due to recruit-
ment of more subclinical patients with CD) [27, 28]. On
the contrary, it has been proposed that low HDL choles-
terol can be a manifestation of CD [29]. In our study,
HDL cholesterol levels were significantly lower in pa-
tient cohort, compatible with the current literature. Th-
ese changes can be attributed to malabsorption of lipids
and/or decrease in Apo A1 secretion [27-29].

cIMT and EFT are important subclinical markers of
atherosclerosis and represent early-stage cardiovascular
disease [7, 12, 16]. HDL cholesterol has a strong anti-
oxidant capacity as well as an ability to transfer choles-
terol molecules to tissues for degradation [30]. Oxidative
modification of LDL cholesterol has a key role in patho-
genesis of atherosclerosis. Oxidized LDL can initiate the

atherosclerotic process and speed disease progression
(31]. Along with low HDL cholesterol levels, the ox-
idative stress caused by CD causes imbalance between
oxidants and anti-oxidants, thus causing lipid membrane
oxidation. This situation can also cause direct toxic ef-
fects on endothelial and smooth muscle cells [32]. In this
context, some studies have reported that gliadin protein
can have particles which can trigger oxidative stress as
well as proinflammatory cytokine release 32, 33]. It has
been observed that some gliadin peptides can accumulate
in lysosomes [31-33] and increase free radical levels [34,
35]. Another cause for increased atherosclerosis risk in
CD can be oxidative modification of LDL cholesterol by
gliadin peptides.

Conclusions

This study shows that CD causes predisposition to sub-
clinical atherosclerosis by increasing EFT and cIMT. The
fact that there is a close relationship between the increase
in ET and cIMT suggests that in these patients, inflam-
mation of the disease may have a role in the atheroscle-
rotic process.

Along with conventional lipid panels, evaluation of
atherosclerotic index can help identify atherosclerosis risk.
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