ISSN 2320-5407

International Journal of Advanced Research (2014), Volume 2, Issue 12, 138-148

ISSN NO. 2320-5407

Journal homepage: http://www.journalijar.com

INTERNATIONAL JOURNAL
OF ADVANCED RESEARCH

RESEARCH ARTICLE

The Relationship between Plasma Ghrelin Concentrations and Carotid Atherosclerosis in

Type 2 Diabetes Patients

Salah EIDin Ahmed Shelbaya’, Salwa Seddik Hosny', Rania Sayed Abd ElBaky', Mohammed Fatthalla
EIKholy®, Matta Makram Anis', Amr Mahmoud Abd ElSamad?, Omneya Moguib Saleh®, Mohamed Hussen

Abbas®

1 Endocrinology Unit, Internal Medicine Department, Faculty of Medicine, Ain Shams University, Cairo, Egypt
2 Radiology department, Faculty of Medicine, Ain Shams University, Cairo, Egypt
3 Internal Medicine Department, National Research Center, Giza, Egypt

Manuscript History:
Received: 16 October 2014

Final Accepted: 22 November 2014
Published Online: December 2014

Key words:

atherosclerosis, CIMT,  ghrelin,
obesity, type 2 diabetes.

*Corresponding Author

Salah EIDin Ahmed
Shelbaya

Background: Ghrelin, a peptide hormone which is secreted from the
stomach and stimulates growth hormone release and had an orexgenic effect.
Ghrelin had beneficial cardiovascular effect through its interaction with
growth hormone secretagogue receptor (GHSR) which is widely distributed
in the cardiovascular system and upregulated in atherosclerotic arteries but
the association between ghrelin and carotid atherosclerosis had conflicting
results in the previous studies.

Objective: To investigate the association between plasma ghrelin
concentrations and carotid atherosclerosis, measured by carotid-intima media
thickness (CIMT) in type 2 diabetes patients.

Study Design: This is an observational case-controlled study conducted in
Ain Shams University hospital. The patient group included 50 patients with
T2DM (25 obese and 25 lean patients). The control group included 36
healthy subjects (18 obese and 18 lean subjects). In both groups the fasting
plasma ghrelin level, fasting plasma glucose, fasting serum insulin, HbAc,
complete lipids profile, insulin resistance (HOMA-IR) and hs-CRP were
measured. The degree of atherosclerosis was assessed by measuring the
CIMT.

Results: Ghrelin was significantly lower in the diabetic obese patients than
the diabetic non obese patient (p<0.001), also, it was lower in the non
diabetic obese subjects than the non diabetic non obese subjects (p<0.001).
BMI, WHR, FPG, HbAlc, fasting insulin, HOMA-IR, total cholesterol,
triglycerides, LDL cholesterol, hs.CRP, and CIMT were significantly higher
(p<0.001) in the diabetic obese patients. In the all studies subjects, ghrelin
had statistical significant negative correlation with BMI, waist
circumference, insulin, HOMA-IR, total cholesterol, LDL cholesterol,
hs.CRP, CIMT (p<0.001), HbAlc, and triglycerides (p<0.05). In the diabetic
obese patients, ghrelin had statistical significant negative correlation with
BMI (r=-0.4, p= 0.03), CIMT (r= -0.6, p= 0.01), and HDL cholesterol (r= -
0.6, p=<0.001). In the all studied populations CIMT had highly statistical
significant positive correlation with all measured parameters (p<0.001),
except with HDL cholesterol and ghrelin; there was highly statistical
significant negative correlation (p<0.001).

Conclusion: ghrelin had significantly negative correlation with CIMT in the
diabetic obese patients and it can be used a marker of subclinical
atherosclerosis.
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growth hormone (GH), growth hormone secretagogue receptor (GHSR), high density lipoprotein (HDL), highly
sensitivity CRP (hs-CRP), Homeostatic Model Assessment (HOMA), insulin resistance (IR), low density lipoprotein
(LDL), type 2 diabetes mellitus (T2DM), waist/hip ratio (WHR),

Introduction

Ghrelin, a 28-amino acid peptide, secreted by ghrelin cells of gastric mucosa [1], It is a natural ligand of the growth
hormone secretagogue receptor (GHSR), which is widely distributed in the body, including the cardiovascular
system [2]. In addition to its marked growth hormone (GH) releasing activity [1], ghrelin exerts pleiotropic
biological actions, prominently on the regulation of food intake, gastrointestinal motility, and energy homeostasis. In
addition, there is a growing body of evidence that ghrelin is also involved in stress pathways [3]. Lastly, ghrelin
seems to be involved in the modulation of cardiovascular, and immune functions [4]. Numerous studies have
reported that ghrelin has a wide array of beneficial cardiovascular properties such as vasodilation [5] and beneficial
hemodynamic effects in healthy humans [6] as well as improvement of left ventricular dysfunction and cardiac
cachexia [7]. These effects are most probably GH-independent [8]. Low ghrelin concentrations have been associated
with metabolic disturbances such as insulin resistance and type 2 diabetes mellitus (T2DM) [9], which are
commonly recognized as risk factors of atherosclerosis. Non-invasive measurements of surrogate markers of
atherosclerosis, such as carotid-intima media thickness (CIMT), can be helpful in detecting subclinical diseases,
especially among individuals at highest cardiovascular risk and determining the intensity of pharmaceutical
treatment [10]. Beside conventional risk factors like dyslipidemia, hypertension, and hyperglycemia, C-reactive
protein which is an acute phase reactant produced in the liver in response to adipocytokines, considered a strong
predictor of cardiovascular diseases [11]. Few studies have investigated the association between ghrelin and CIMT
as a marker of subclinical atherosclerosis and these studies had conflicting result [12]. In our study we hypothesized
ghrelin to be associated with early carotid atherosclerosis, implicating an interaction between obesity and
atherosclerosis in T2DM. To investigate this hypothesis, we measured plasma levels of ghrelin in diabetic patients
and healthy subjects and we concomitantly assayed CIMT using ultrasound.

Subjects & Methods

We enrolled 86 subjects who were recruited from the Outpatient Clinic of Internal Medicine Departments, Ain
Shams University Hospital during the period from July 2012 to June 2013. They were divided into 2 groups: Group
1(case group) which included 50 patients with T2DM (group 1a which included 25 obese patients (body mass index
(BMI)>30kg/m?) and group 1b which included 25 lean patients (BMI<25kg/m?). Group 2 (control group) which
included 36 healthy subjects who were age and sex matched and they were divided into group 2a which included 18
obese individuals and group 2b which included 18 lean individuals.

Inclusion criteria for selection of the patients were: type 2 diabetic patients of both sexes, their age 25-65 years, with
onset of diabetes of less than 5 years, with normal hepatic and renal function, normotensive or hypertensive persons
with blood pressure less than 130/80. We excluded patients with endocrinopathies, overt cardiovascular diseases,
using lipid lowering drugs, using steroids, or subjects with BMI 25-29.9 Kg/m?. Written informed consent was
obtained from all participants including the purpose and procedures of the study. Approval had been taken from the
research ethics committee, Faculty of Medicine, Ain Shams University.

All subjects of this study were submitted to full medical history, thorough clinical examination including the
anthropometric measures [BMI and waist/hip ratio (WHR)], and fundus examination for the diabetic patients to
exclude diabetic retinopathy. All measurements were carried out after a 12-h fast.

Blood samples were drawn from a peripheral vein after an overnight fast, between 8.00 and 10.00 am. Fasting
plasma glucose (FPG) and lipids parameters were measured in mg/dl by an automatic enzymatic analyzer (Olympus
AU560, Germany). Fasting insulin level was measured in (ulU/ml) using commercial insulin kits of ELISA
technique supplied by Biosource which was used as instructed by the manufacturer (catalog No. KAQ1251).
Assessment of insulin resistance (IR) index was done by using Homeostatic Model Assessment (HOMA). IRyoma =
Fasting Insulin (uIU/ml) x FPG(mmol/L)/22.5 [13]. HbAc level was measured by retaining haemoglobin by a
cationic exchange resin (catalog No. U0897h).

Serum fasting Ghrelin level was measured in pg/dl by enzyme-linked immunosorbent assay (ELISA) method using
the BioVendor Human Acylated Ghrelin ELISA diagnostic kit (Germany), samples were withdrawn in tubes
containing EDTA and p hydroxymercuribenzoic acid to prevent the degradation of acylated ghrelin by protease.

139



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 12, 138-148

Highly sensitivity CRP (hs-CRP) was measured in mg/l by immunoenzymometric assay, using The AccuBind
ELISA Microwells diagnostic kit (USA) (product Code: 3125-500). Samples for (ghrelin, insulin, hs-CRP) were
centrifuged and the separated serum was kept frozen & stored at - 20°C until ELISA analysis is duplicate.
Assessment of bilateral common carotid artery intimal medial thickness was done by high-resolution B-mode
ultrasound using 7.5 MHZ linear array superficial probe. IMT was assessed at the bifurcation of the common carotid
artery. The IMT was defined as the mean of the maximal value for the far walls on both the right and left sides.
Thickness of more than1.05 mm is suggestive of atherosclerotic disease [14].

Statistical methodology

Data was analyzed on an IBM personal computer using Statistical Package for Special Science (SPSS) software
computer program version 18. Description of all data in the form of mean (M) and standard deviation (SD) for all
quantitative variables was done. Frequency and percentage for all qualitative variables was calculated. Comparison
between quantitative variables was done using t-test to compare two groups and ANOVA (analysis of variance) to
compare more than two groups. Comparison of qualitative variables was done using the Chi-square test. Correlation
coefficient also was done to find linear relation between different variables using r-test or Sperman correlation co
efficient. Significant level measured according to P value (probability), P>0.05 is insignificant, and P<0.05 is
significant.

Results

Clinical and biochemical characteristics of the whole study population, diabetic and non diabetic subjects (obese and
non obese) are presented in Table 1. BMI, WHR, FPG, HbAlc, fasting insulin, HOMA-IR, total cholesterol,
triglycerides, LDL cholesterol, hs.CRP, and CIMT were significantly higher (p<0.001) in the diabetic obese patients
(Table 1). Ghrelin was significantly lower (p<0.001) in the diabetic obese patients (Table 1& Figure 1). No
significant difference was reported between the groups age and sex (Table 1),

As regard the correlation of ghrelin to different clinical and biochemical parameters, in the all studies subjects,
ghrelin had statistical significant negative correlation with BMI, waist circumference, insulin, HOMA-IR, total
cholesterol, LDL cholesterol, hs.CRP, CIMT (p<0.001), HbAlc, and triglycerides (p<0.05) as shown in Table 2.
There was insignificant correlation with age (p=0.8), WHR (p=0.3), FPG (p=0.1), and HDL cholesterol (p=0.5)
(Table 2).

In the diabetic obese patients, ghrelin had statistical significant negative correlation with BMI (r= -0.4, p= 0.03),
CIMT (r=-0.6, p= 0.01) (Table 3& Figures 2&3), and HDL cholesterol (r= -0.6, p=<0.001) (Table 3). There was
insignificant correlation with the other parameters (Table 3).

In the all studied populations CIMT had highly statistical significant positive correlation with all measured
parameters (p<0.001), except with HDL cholesterol and ghrelin; there was highly statistical significant negative
correlation (p<0.001). There was an insignificant correlation with insulin (Table 4). A forward stepwise regression
analysis found that CIMT has only six predictors which are BMI, waist circumference, FPG, HbAlc, total
cholesterol, and triglycerides (Table 5).

Table (1): Baseline laboratory and clinical characteristics of the study participants

(1a) Diabetic | (1b) Diabetic non | (2a) Non diabetic | (2b) Non diabetic P
obese (n=25) obese (n=25) obese (n=18) non obese (N=18)
Male no and% 14 (56%) 14 (56%) 10 (55.6%) 10 (55.6%) >0.05
Female no and% |11 (44%) 11 (44%) 8 (44.4%) 8 (44.4%) >0.05
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Age(years) 44.6 +9.34 43.96 +8.43 43 +11.67 42.28 +13.09 >0.05
BMI(kg/m?) 34.42 +3.18 2458 £ 0.34 32.89 +1.70 23.88 +0.96 <0.001™
WHR 0.98 +0.08 0.97 +0.07 0.94 +0.07 0.87 +0.07 <0.001™
FPG(mg/dl) 171.40 + 61.26 | 162.72 + 66.98 95.83 + 14.52 90.39 + 15.70 <0.001™
HbA1c (%) 8.70 + 1.65 8.46 + 2.05 5.97 + 0.50 5.49 + 0.64 <0.001™
insulin (miu/ml) | 17.85 +5.79 11.96 + 6.14 17.71+3.18 14.02 + 2.95 <0.001™
HOMA-IR 7.50 + 3.65 4.00 +1.03 4.15 +0.80 3.14 +0.89 <0.001™
Total cholesterol | 226.36 £ 52,51 | 212.04 £ 42.52 212.33 £ 22.44 156.67 + 22.33 <0.001**
(mg/dl)

Triglycerides 185.24 +66.42 | 178.84 + 80.07 155.17 £21.13 | 97.22 + 25.40 <0.001™
(mg/dl)

LDL cholesterol | 146.48 + 4563 | 139.04 + 33.84 139.67 +23.45 | 87.83+24.30 <0.001"™
(mg/dl)

HDL cholesterol | 41.88 +10.26 | 39.40 +5.79 4156 +7.21 49.56 + 7.81 <0.001™
(mg/dl)

Ghrelin (pg/ml) | 113.38 +21.82 | 169.50 + 23.90 125.33 + 48.63 208.17 + 34.07 <0.001™
hs.CRP (mg/1) 4.47 +1.62 2.53+0.71 2.51+0.78 0.83+0.21 <0.001™
CIMT (mm) 1.09 +0.20 0.98 +0.15 0.82 +0.08 0.72 +0.09 <0.001™

Data are expressed as frequency and percentage data. Data are expressed as mean £ SD for parametric data.
Comparisons between four groups done using ANOVA, p<0.05 *, p<0.001 **. Ghrelin level was the highest
among group (2b) the non diabetic non obese subjects and the lowest level was among group (1a) the diabetic
obese patients. hs.CRP and CIMT levels were the highest among group (1a) and were the lowest among group

(2b).

Table (2): Correlation of ghrelin to different clinical and biochemical parameters in all studied individuals

Ghrelin
Pearson c_orrelation Sig.
coefficient
Age (yr) 0.025 0.819 NS
BMI (Kg/m?) 10.721 <0.001 HS
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Waist circumference (cm) L0.449 0.001 HS
WHR -0.101 0.354 NS
FPG (mg/dL) L0.151 0.166 NS
Insulin (MIU/L) 10.354 0.001 HS
HbA1lc (%) -0.235 0.029 S
Total cholesterol (mg/dL) -0.364 <0.001 HS
Triglycerides (mg/dL) -0.235 0.029 S
LDL cholesterol (mg/dL) -0.343 <0.001 HS
HDL cholesterol (mg/dL) 0.071 0.517 NS
hs.CRP (mg/L) -0.537 <0.001 HS
CIMT (mm) -0.486 <0.001 HS

In all studied individuals, ghrelin had highly statistical significant negative correlation with BMI, waist
circumference, insulin, HOMA-IR, total cholesterol, LDL cholesterol, hs.CRP, and CIMT and statistically
significant negative correlation with HbAlc and triglycerides. There was insignificant correlation with age, WHR,

FPG, and HDL cholesterol.

r- Pearson correlation. P-value <0.001 HS ; p-value <0.05 S ; p-value >0.05 NS

Table (3): Correlation of ghrelin to different clinical and biochemical parameters in diabetic obese patients (group

1a)
Ghrelin
Pearson correlation P Sig.
Age (yr) 0.475 NS
BMI (Kg/m’) 0.037 s
Waist circumference(cm) 0.158 NS
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WHR 0.107 0.550 NS
FPG (mg/dL) 0.077 0.713 NS
Insulin (MIU/L) 0.180 0.388 NS
HOMA-IR 0.165 0.430 NS
HbA1lc (%) -0.056 0.789 NS
Total cholesterol (mg/dL) -0.094 0.655 NS
Triglycerides (mg/dL) 0.078 0.710 NS

LDL cholesterol (mg/dL) 0.017 0.936 NS

HDL cholesterol (mg/dL) -0.635 <0.001 HS
hs.CRP (mg/L) -0.118 0.575 NS
CIMT (mm) -0.695 0.018 S

In the diabetic obese patients (group 1a) ghrelin had statistically significant negative correlation with BMI and
CIMT. There was highly statistical significant negative correlation with HDL cholesterol. There was
insignificant correlation with the other parameters.

r- Pearson correlation. P-value <0.001 HS ; p-value <0.05 S ; p-value >0.05 NS.

Table (4): Correlation of CIMT to different clinical and biochemical parameters in all studied groups

CIMT

Pearson correlation

coefficient S1o.

Age (yr) 0.540 <0.001 HS
BMI (Kg/m?) 0.379 <0.001 HS
Waist circumference (cm) (4 399 <0.001 HS
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WHR 0.339 0.001 HS
FPG (mg/dL) 0.644 <0.001 HS
Insulin (MIU/L) 0.055 0617 NS
HOMA-IR 0.555 <0.001 HS
HbALC (%) 0.684 <0.001 HS
Total cholesterol (mg/dL) 0.548 <0.001 HS
Triglycerides (mg/dL) 0.624 <0.001 HS

LDL cholesterol (mg/dL) 0.514 <0.001 HS
HDL cholesterol (mg/dL) [0.447 <0.001 HS
Ghrelin (Pg/dL) -0.486 0.001 HS

hs.CRP (Mg/L) 0.697 <0.001 HS

In the all studied groups CIMT had highly statistical significant positive correlation with all measured parameters,
except with HDL cholesterol and ghrelin, there was highly statistical significant negative correlation. There was an
insignificant correlation with insulin.

r- Pearson correlation. P-value <0.001 HS ; p-value <0.05 S ; p-value >0.05 NS.

Table (5): Forward Stepwise Regression Analysis for determination of the independent factors of CIMT:

Independent variable Coefficient (B) t P
(Constant) -0.210 -0.756 0.034
BMI (kg/m2) 0.008 0.696 0.049
FPG (mg/dl) 0.010 0.784 0.038
HbA1c (%) 0.074 0.628 0.042
Total cholesterol (mg/dl) -0.018 -0.939 0.037
Triglycerides (mg/dl) 0.003 0.576 0.045
Waist circumference (cm) -0.003 -0.898 0.023
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Figure (1) shows comparison between the studied groups as regard the mean value of serum ghrelin (pg/dl) with the
highest level was among the non obese non diabetic subjects and the lowest level was among the diabetic obese

patients.
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Figure (2) shows the statistically negative correlation between ghrelin and BMI in the diabetic obese patients (group

1a) (p=0.03, r=-0.4).
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Figure (2) shows the statistically negative correlation between ghrelin and CIMT in the diabetic obese patients

(group 1a) (p=0.01, r=-0.6).

Discussion

In the present cross-sectional study we demonstrated significantly lower plasma levels of ghrelin in the diabetic
obese patients compared with age- and sex matched healthy individuals. Low ghrelin levels in obese diabetic
patients were reported earlier by Tschdp and colleagues [15]. Although weight gain and obesity were not the focus
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of our study, we assessed the effect of ghrelin on weight gain, because ghrelin is closely associated to energy
homeostasis, weight regulation and obesity. Obesity is one of the risk factors for atherosclerosis and it is becoming a
more and more serious health problem all around the world. The plasma ghrelin level was inversely associated with
BMI in the present study, this correlation was highly significant in the all studied population (r=-0.7, p<0.001), also,
it was highly significant among the control group (r=-0.8, p<0.001), and it was significant in the diabetic obese
group (r=-0.4, p=0.03). Circulating plasma ghrelin levels are reportedly inversely associated with BMI in humans
[16]. In humans, ghrelin secretion is decreased in obesity and is normalized following recovery to ideal body weight
[15]. Thus, the associations seen between plasma ghrelin levels and BMI in this study are consistent with the
previously reported findings.

To our knowledge there were few studies investigated the relation between plasma ghrelin levels and carotid
atherosclerosis and they showed conflicting results, We found that ghrelin had highly significant negative
correlation with CIMT in the all studied individuals (r=-0.4, p<0.001) and significant negative correlation in the
diabetic obese group (r=-0.6, p=0.018), in the other studied groups the correlation between ghrelin and CIMT was
negative but statistically insignificant, this finding may be due to decrease sample size in the other subgroups and
the statistical effect of the diabetic obese group on the all studied population (r=-0.695 in the diabetic obese group,
r=-0.486 in the all studied individuals).

Our results is similar to a study on 101 older Japanese patients >60 years old (mean age 72.3) with metabolic
syndrome that ghrelin had significant negative correlation with CIMT, and in the multiple regression analysis for
CIMT adjusted by other measured parameters, ghrelin was significant and independent factor along with age and
systolic blood pressure [17]. In the study of Yano and colleagues [18], they were found similar results to Kotani
and colleagues [17] and our study, they found in a study on 263 elderly hypertensive patients (mean age 72.6) that
plasma des-acyl ghrelin had significant inverse correlation with CIMT (p=0.003) and the multivariable regression
analysis showed that des-acyl ghrelin was significantly associated with CIMT after adjusting for age, obesity, sex,
smoking, 24 hours blood pressure, and other cardiometabolic factors. Also, Kadoglou and colleagues [19] found
significant inverse correlation between ghrelin and CIMT in 124 patients with type 2 diabetes (mean age 65.09)
independent of other metabolic parameters (r = — 0.4, p = 0.002).

Furthermore, in a study of kidney transplantation patients there was no association between the plasma ghrelin level
and CIMT [20]. Also, Hajmohammadi and colledagues had been demonstrated that ghrelin had no significant
correlation with CIMT in the metabolic syndrome patients [12].

Opposite results were found by others, Péykkd and colleagues [21] discovered that plasma ghrelin concentrations
associated positively with the degree of subclinical atherosclerosis measured as CIMT. In the analysis of whole data
set the association was of borderline significance, whereas in the subgroup analysis the association between CIMT
and ghrelin concentrations was observed only in males. Also, in another study of Ukkola and colleagues [22], they
had found that ghrelin had positive association with CIMT (p<0.005) but the independent positive association
(p<0.01) between the plasma ghrelin quartile and CIMT was evident in the lowest IGF-1 quartile only, they
concluded their finding that ghrelin-leptin relation is associated with early atherosclerosis and the interaction
between IGF-1 and ghrelin modifies the association of ghrelin with early atherosclerosis.

Previous studies have shown positive [21, 22], negative [17, 18, 19], or no relationship [12, 20] of serum ghrelin
levels with CIMT, the above conflicting results may be attributed to the great variation in the studies population
characteristics and statistical methods. Another explanation is that other metabolic factors, such as leptin, IGF-I, etc.,
might have affected ghrelin levels in the aforementioned studies.

Most reports suggest a beneficial role for ghrelin in normal and pathological conditions of the cardiovascular
system. Both ghrelin and the ghrelin receptor have been shown to be expressed in cardiovascular system [23], the
density of the GHSR, the target of ghrelin, has been shown to be upregulated in atherosclerotic carotid arteries,
reflecting the counter regulatory role of ghrelin in atherosclerosis [24]. Endothelial dysfunction is considered to be
one of the earliest events of the atherosclerotic development. In patients with endothelial dysfunction, plasma
ghrelin level decreases [25], conversely, the application of exogenous ghrelin can improve endothelial dysfunction
in metabolic syndrome patients, suggesting that high ghrelin levels might be beneficial for endothelial function [26].
From the present study we conclude that plasma ghrelin is negatively associated with CIMT, and it can be used as
a marker of subclinical atherosclerosis. We suggest further studies on the precise mechanism by which ghrelin
regulates atherosclerosis that may provide key insights into ghrelin’s administration in atherosclerosis therapy.
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